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Front Cover Photograph 

The cover photograph has been kindly supplied by Jake Freestone, farm manager of Overbury 
Farms.  Overbury Farms is a 1570 ha farm on the Gloucestershire Worcestershire border, UK.  
950 ha are allocated to combinable crops and 110 ha let out annually for vegetables, with 
grass and woodland occupying the remaining area.  The farm is a LEAF (Linking Environment 
and Farming) Demonstration Farm and the arable area has been converted to a zero tillage 
system.  A sheep flock of 850Ha ewes, (lambs in April) grazes the permanent pasture and 
cover crops during the winter.

Back Cover Graphics

The graphics are a visual interpretation of a pre-opening event facilitated by Professor 
Nadarajah Sriskandarajah and the plenary sessions delivered by Professor Michael Woods 
and Dr. Edith T. Lammerts van Bueren. The impressive graphics were drawn during delivery 
of the sessions as a visual representation of the issues being discussed by Debbie Roberts of 
Engage Visually (www.engagevisually.co.uk) and catch the essence of the themes beautifully
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Workshop 1.9: Inclusive innovation 
Convenors: Pamel Ngwenya, Astrid Szogs, Margareta Lelea, Brigitte Kaufmann and Anja 
Christinck. 
 

The innovation system approach analyses innovation as the outcome of interactive learning 
processes among a variety of public and private actors. While this approach has originated 
from OECD countries it is increasingly applied to other contexts, taking the specific 
characteristics of these countries into account. For instance, in African countries the 
importance of understanding the dynamics of innovative activities in the informal economy and 
for the livelihoods of marginalised groups has to be considered. In this context, inclusive 
innovation and inclusive development have become a concern for governments in countries 
of the Global South.  Often termed “pro-poor innovation”, “below-the-radar innovation”, 
“grassroots innovation”, “BoP (base of the pyramid) innovation”, the term “inclusive innovation” 
can be traced to Utz and Dahlman, and takes a more expansive view of ‘development’ than 
found in conventional innovation studies. It refers to “the inclusion within some aspect of 
innovation of groups who are currently marginalised”.  In this workshop, we were especially 
interested in case studies that related to the inclusion of people that suffer from multiple and 
nested forms of exclusion within conventional approaches to innovation. We aimed to explore 
the topic of ‘inclusive innovation’ in relation to three themes: 1) The role of intermediaries in 
inclusive innovation (organisations, platforms, brokers, etc.); 2) Inclusive innovation 
methodologies for participation of marginalised stakeholders and 3) Social innovations that 
promote social inclusion. Intermediary organisations - such as innovation `brokers`, platforms, 
knowledge laboratories and local hubs - may play a particularly important role in the interactive 
learning processes that often facilitate innovation processes in the Global South. We were 
especially interested to learn of examples that illustrate how such intermediaries can foster 
social inclusion of typically ‘hard to reach’ groups, or of those who are otherwise structurally 
disconnected from such intermediaries. In relation to the second theme, we note that much 
has been done to foster more inclusive innovation processes through for example Farmer 
First, Participatory Technology Development and Participatory Innovation Development 
approaches. Nevertheless, many Agricultural Research and Development projects continue 
to treat, for instance, smallholder farmers as a homogenous social group and ignore the de-
facto exclusion of certain subgroups that are hard to reach due to a variety of social, economic 
and/or cultural factors. In inclusive innovation processes, we suggest that more can be 
achieved in terms of integrating critical social theory into praxis around issues of social 
difference, diversity and inclusion. In this vein, we invited contributions that either reflect upon 
experience of social exclusions in innovation projects, or that outline more sensitive 
methodological approaches to actively foster inclusion. Finally, we recognise that there are 
innovations that aim to specifically promote social inclusion in rural contexts of the Global 
South. Such innovations aim to reorganise knowledge processes to foster participation of 
marginalised groups in for example education, media, markets and politics, such as: 
participatory video production for community knowledge sharing; farmer-to-farmer learning 
programmes; “barefoot colleges” and pro-poor associations between farmers and their market 
partners.    We invited case studies that shed further light on the above themes.  Empirical 
examples should connect with academic debates concerning the nature, constellation and 
roles of institutional actors in fostering inclusive innovation; the potential of various 
methodologies for processes of inclusion/exclusion and/or social innovations for social 
inclusion. 
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Abstract: Transdisciplinary research aims to be inclusive because it integrates the knowledge 
and perspectives of scientists and societal stakeholders in order to find solutions to complex 
real world problems, for example in food and farming systems. However, when designing 
transdisciplinary research, who should be included? In order to support inclusivity, the 
question of whom to work with must be addressed in a transparent manner. This literature 
review of stakeholder analysis traces the evolution of the concept including use of the terms, 
‘actors’ and ‘stakeholders’. We find that who defines a problem has bearing on who is 
considered relevant in relation to that problem. Considering heterogeneity within stakeholder 
categories requires further decisions on who is considered to be representative. Likewise, the 
presence of marginalised groups further complicates the issue because their inclusion hinges 
on the ability of those involved to recognise inter-connections that tend otherwise to be 
neglected. To overcome the limitations of using only the relevance systems of researchers to 
make these decisions, the participation of potential stakeholders is necessary for making 
decisions on involvement that reflect ‘on-the-ground’ realities. In conclusion, we propose that 
researchers share the tasks of problem definition and stakeholder identification with potential 
stakeholders using participatory methods.  
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Introduction  
The aim of this literature review on stakeholder analysis is to support researchers who are 
seeking to design participation processes within transdisciplinary research. Transdisciplinary 
research can be applied to identify solutions and co-create innovations through an inclusive 
knowledge production process based on joint learning between academic and non-academic 
participants. This type of research requires that scientists include a wide range of people with 
different knowledge backgrounds in the “design, planning, development and delivery of 
research” making it both “more useful… [and] more salient (i.e. that it more broadly reflects 
the interests of those involved)” (Bracken et al., 2015 p.4).  

Transdisciplinarity is “based on the scientific understanding of knowledge generation and 
diffusion, i.e. learning, [and] it is vital that the main actors of a system are involved in a process 
that finally leads to new knowledge and changed practices” (Kaufmann et al., 2013 p.122). 
Therefore, stakeholder involvement in the research process, as active participants, is both a 

837



 

means of increasing the utility of research output and the likelihood that it will shape the 
decisions, actions and capacities of these individuals and groups, so that they will gain new 
action possibilities. The inclusion of multiple perspectives and knowledge are critical to 
transdisciplinary research in order to: “a) grasp the complexity of problems; b) take into 
account the diversity of real-world and scientific perceptions of problems; c) link abstract and 
case specific knowledge; and d) constitute knowledge and practices that promote what is 
perceived to be the common good” (Pohl % Hirsch Hadorn, 2007 p.20). 

Food and farming systems consist of human, technical and natural components and form part 
of ecosystems of specific locations. Hence, they are complex social-ecological systems that 
are shaped and maintained through farmers’ practices and deeply depend on human 
management (Norman, 2000; Fairweather, 2010). The complex interrelations and dynamics 
between the components and human actions tend to make their outcome uncertain; collective 
action at various scales may be required to facilitate changes or specific outcomes. Therefore, 
finding solutions to problems relating to food and farming systems are typical examples of 
complex systems to which transdisciplinary research involving stakeholders could be applied. 

Although including ‘all relevant stakeholders’ should be a goal, it might be unattainable. First 
of all, who decides which stakeholders are relevant1 and who defines relevance in the context 
of stakeholder analysis? Furthermore, stakeholder involvement demands time, commitment 
and resources from all involved. When the term ‘all relevant stakeholders’ is stated as a 
principle or an ideal, it pushes for greater inclusion, whereas efficiency considerations often 
tend to limit inclusion in practice. 

In this literature review we clarify concepts and terms related to ‘actors’ and ‘stakeholders’, 
and then discuss how stakeholders linked to a specific problem or issue can be identified out 
of a broader ‘actor landscape’. To do so, researchers must navigate a series of challenges 
related to:  a) diverse viewpoints on the problem situation; b) multiple actors from which to 
select stakeholders; c) how to account for heterogeneity within stakeholder categories; d) how 
to account for those who are marginalised and hard to reach; and e) to what extent can an 
individual’s participation be considered representative of their stakeholder category?  

Theoretical underpinnings: from actors to stakeholders  
Understanding the difference between ‘actors’ and ‘stakeholders’ is crucial for approaching 
the task of identifying with whom to work in transdisciplinary research and innovation 
processes.  

Actors 
Literature from multiple disciplines and diverse theoretical orientations, use the term ‘actor’ to 
mean different things. In sociology, there are two influential theoretical approaches to studying 
actors, Actor-Network-Theory (ANT) (Latour, 2005) and Actor-Oriented approaches (Long, 
1990; Long, 2001). Within ANT, Latour defines an actor as, “anything that modifies a state of 
affairs by making a difference is an actor – or if it has no figuration yet, an actant” (Latour, 
2005 p.71). In this theoretical framework, actors can be human or non-human. In actor-
oriented theory, Long differentiates actors as social actors saying that: 

                                                           
1 According to the Merriam Webster online dictionary, the definition of relevant is: “having significant and 
demonstrable bearing on the matter at hand”.  
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“ ‘social actor’ is a social construction rather than simply a synonym for the individual or a 
member of homo sapiens. One needs also to distinguish between two different kinds of social 
construction associated with the concept of social actor: first, that which is culturally 
endogenous in that it is based upon the kinds of representations characteristic of the culture 
in which the particular social actor is embedded; and second, that which arises from the 
researchers’ or analysts’ own categories and theoretical orientation” (Long, 1990 p.9). 

This differentiation of whether actors are delineated from inside or outside ultimately has a 
consequence for stakeholder analysis, as discussed in the next section. Among varied 
contributions of actor-oriented theory is the focus on diverse actors who use their knowledge 
and create strategies to navigate societal structures (both contributing to, and resisting), thus 
enacting their agency is simultaneously “composed of social relations and can only become 
effective through them” (Long, 1990 p.23). Actors’ room for manoeuvre is a way to 
conceptualise the interrelationships between actor agency and relations to structures.  

The type of actor-oriented approach that Long proposes differs from earlier ones by 
anthropologists in that it contextualises, that the “individual choices were shaped by larger 
frames of meaning and action and by the distribution of power and resources in the wider 
arena” (Long, 1990 p.7). Long’s critique of structures is based on this definition of actors as 
having the power to create change. For example, rather than orienting analysis on how 
structures of capitalism impact people, he seeks to see how people have power; how individual 
actors create power to resist, redefine, and act through their own agency in culturally and 
historically specific places. Long’s actor-oriented analysis is specifically part of sociologies of 
development, shifting analyses of changing political economies from structures to actors – 
internalising views of social change through generative rather than distributive 
conceptualisations of power. 

Stakeholders 
Usage of the term ‘stakeholder’ has been traced to as early as 1708 to mean “a person 
entrusted with the stakes of bettors” (Bryson, 2003 p.3). However, Freeman’s 1984 book, 
Strategic Management: A Stakeholder Approach popularised the term by challenging 
businesses to consider all stakeholders, rather than just shareholders. Freeman defines a 
stakeholder as “any group or individual who can affect or is affected by the achievement of 
the organisation’s objectives” (1984 p.46). Although the roots of this concept are in business 
literature, the definitions have evolved due to its use in public administration and natural 
resource management. Now, the use of “the term ‘stakeholder’ emphasises the ‘stake’ or 
interests of the parties in a process” (Hermans, 2005 p.20). A stakeholder can be defined as 
“any group of people organised, who share a common interest or stake in a particular issue or 
system” (Grimble & Wellard, 1997 p.175).   

Integrating stakeholders is a way of accommodating conflict points and claims. A classical 
criticism of a broad definition is that “virtually anyone and anything can ‘affect or be affected’ 
by the decisions and actions of a business enterprise” such that “expansive views of relevant 
‘stakeholders’ tend easily to become so broad as to be meaningless” (Orts & Strudler, 2002 
p. 218). However, when inclusivity is a goal, then a willingness to take an expansive view of 
stakeholders is required. As definitions of stakeholders specifically differ in how inclusive they 
are, Bryson asserts that in public management, the term must be used in a more inclusive way 
to enact more democratic principles (2004 p.22).  
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In community development practice, stakeholders have been described as ‘victims’ or 
‘gainers’ in relation to a project to reflect who might benefit or be at risk. Other terms that have 
developed common usage are ‘participant’, ‘involved party’, ‘recipient’ and ‘responsible party’.  

In order to maintain conceptual clarity, we will focus on the differentiation of stakeholders as 
a subset of actors, whereby stakeholders are specifically related to an issue or problem that 
can be addressed in transdisciplinary research. Once a problem or issue is specified, then 
stakeholders can be identified out of the known actors.  

Stakeholder analysis  
Recent decades have witnessed a growing application of different forms of stakeholder 
identification and analysis in research fields such as public policy, international development, 
agriculture and environmental sciences. Particularly with transdisciplinary research, 
stakeholder involvement is necessary for knowledge integration and innovation co-creation. A 
stakeholder analysis is a way of identifying who is a stakeholder related to a specific issue or 
problem situation, and serves at making their interests, objectives, power dynamics and 
relationships explicit.  

Christopher Weible, working on marine resource management, emphasises that stakeholder 
analysis needs “to address a set of questions: who are the stakeholders to include in the 
analysis; what are the stakeholders' interests and beliefs; who controls critical resources; with 
whom do stakeholders form coalitions; and what strategies and venues do stakeholders use 
to achieve their objectives” (2006 p.96).  

The first step of a stakeholder analysis is identification. However, stakeholder analysis must 
be done iteratively, in particular because the joint problem definition and the identification of 
stakeholders are circularly linked. This means the joint problem definition is influenced by the 
stakeholders contributing to it, and the way in which the problematic situation is defined again 
influences which stakeholders are affected or can be affected by it. The emphasis on iterative 
stakeholder analysis is described by scholars from policy (Varvasovszky & Brugha, 2000) 
environmental sciences (Reed, 2009) and development (Zimmermann & Maennling, 2007). 

Problem definition 
In food and farming systems, those who describe a problem have bearing on what actors are 
regarded as within the system boundaries, and subsequently which of these actors will be 
thought to have a legitimate ‘stake’.  

Researchers typically describe a problem from the outset of research (usually during proposal 
writing); such problems may be deemed relevant in the scientific discourse of the researcher’s 
discipline or stated as a priority area for interventions in donor policies. However, researchers 
from other disciplines, as well as non-academic actors working at different scales, may have 
different perspectives on the same problem or issue. This is why transdisciplinary research 
strives to address real world problems that are important in the societal discourse, and to take 
the integration of various perspectives of the problem or issue addressed as a starting point 
for the research.  

In transdisciplinary research, the joint problem definition is, therefore, established as a distinct 
phase in the research design and includes knowledge integration for problem identification 
and problem structuring (Hirsch Hadorn et al., 2008). Methods with which to achieve a 
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common understanding of a problem can include creating system maps with stakeholders 
(Angelstam et al., 2013) and also problem and solution trees (Snowdon et al., 2008).  

Identification of stakeholders from multiple actors 
In transdisciplinary research multiple stakeholders belonging to a diverse set of actor 
categories need to be integrated, since their different perceptions, knowledge and 
relationships will contribute to finding solutions to the problem situation (Hirsch Hadorn et al., 
2008). In such a situation, it is unlikely that there is one person who can oversee which actors 
need to be included (Müller et al., 2012). This is an additional reason why “identification of 
relevant stakeholders is not straightforward” (Cuppen 2009 p.33).To overcome this difficulty, 
a stakeholder analysis can be done by a team because “a team can compensate for and 
neutralise individual biases and question untested assumptions” (Varvasovszky & Brugha, 
2000 p.340). In some cases these teams are composed of researchers or other related 
professionals. An example that initially used experts to generate a list, became participatory 
because each of the named stakeholders were contacted, “asking them for their opinion and 
allowing them to add or delete one or more stakeholders” (Stanghellini, 2010 p.685). 

To start a participatory identification process, first a group of potential stakeholders can be 
identified by researchers either from literature, media, explorative research or other sources 
depending on the context and focus. For example, individuals and organisations active in an 
area or on a topic might be identified in secondary literature including reports from other 
organisations. Meetings could then be set up with organisations that might have lists of 
individuals that are active in the issue or area of focus. Typically, agricultural extension officers 
and other non-profit staff are approached. However, this might run the risk of reproducing 
information from the same people who are frequently put forward because they are considered 
‘model’ farmers and therefore often called upon to act as representatives.  

Identification can also come from observation in places where people are active, such as in 
farmers’ markets, auction houses, community meetings and other places. From these 
observations, researchers can identify some of the people who are active in relation to an 
issue. Once a few people are interviewed, then a snowball approach can be used to ask for 
recommendations of other people to approach.  

Participatory stakeholder analysis can include sharing of decision-making regarding 
identification of actors, determination of which of them are stakeholders, and selection of 
individuals to participate. Participatory actor maps can be used to facilitate identification using 
Venn diagrams or other communication tools (Lelea et al., 2014).  

Diversity of actors 
The multiple and diverse entry points described above can generate a more complete 
identification of who has a ‘stake’ and hence should be involved. In some cases, there are 
many individuals identified which can be grouped to create actor categories (and later 
stakeholder categories). However, it is more common that researchers or others doing a 
stakeholder analysis will start with an actor category such as ‘farmers’ or ‘traders’ and look for 
individuals that belong to this category. This carries the risk that one is not accounting for 
internal heterogeneity. Forming categories is used to reduce complexity. However, the criteria 
with which grouping is organised will have consequences on who is ultimately involved. For 
example, to what extent might the category of ‘farmer’ need to be broken down into sub-
categories to offer the needed diversity of perspectives? Determining the criteria for 
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categorisation should become an issue of discussion with stakeholders. Applying methods to 
critically analyse internal heterogeneity within actor categories lends itself towards crafting 
greater inclusivity by recognising important differences. When regarding the social landscape, 
what is the “difference which makes a difference” (Bateson, 1972 p.459) in a given context? 
Rather than assuming what differences matter based on pre-determined categories, create 
spaces in which participants can draw their own conclusions about which differences matter 
most in a particular time and place. As Sara Ahmed has written, we must “trace how the 
differences that matter between us, matter in some places more than [in] others” (1998 p.197). 

Information about actor heterogeneity can be obtained though both individual interviews and 
group discussions. The transcribed text can later be coded for themes about important 
differences in the ‘actor landscape’. An important contribution regarding recognition of 
stakeholder heterogeneity has come from an example with biomass in the Netherlands where 
Q methodology was applied (Cuppen, 2010).  
 
In a stakeholder analysis, heterogeneity within a group needs to be acknowledged until the 
point at which differentiation no longer brings new perspectives. The questions are: to what 
extent is this heterogeneity important for the objective?; and what will be the implication of 
ignoring this aspect? For the sake of stakeholder analysis which enables inclusive innovation 
processes to move forward, there must be a willingness to reflect on this complexity and to 
make adjustments as feasible. 

Marginalised groups 
Marginalised groups are often understood as communities in society to whom full access to 
certain rights, opportunities or resources is systematically denied by members of other groups 
(e.g. Silver, 1994). In a broader sense, marginalisation may also include that the contributions 
and needs of certain groups in relation to a problem or issue addressed are less visible 
compared to those of others. In agriculture, this might manifest as invisibility of marginalised 
groups who perform labour, such as in the case of migrant workers picking strawberries in 
California (Mitchell, 2003). Inclusion of marginalised groups can be difficult because their 
identification hinges on the ability of those involved to recognise inter-connections and on their 
efforts to intentionally seek out marginalised groups (Table1). 

Table 1. Quotations from stakeholder literature of various scientific disciplines 
regarding the challenge of including marginalised groups 

Quotation Discipline 

“It is important to try to include all relevant stakeholders, and those who 
often get omitted are the hard to reach groups. Extra effort and 
innovation will be needed to contact and engage with these groups or 
individuals, who do not generally come forward by their own volition” 
(Gray, 2007 p.20).  

Human ecology 

“Selecting relevant stakeholders for participatory processes is 
challenging.  For example:  certain  stakeholder  groups  may  be  
historically  marginalised from management decisions, and may  
therefore  be  difficult  to  identify  or  involve…” (Prell et al., 2007 p.5). 

Sociology and 
environmental 
sciences 
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“It depends on the local situation who the relevant stakeholders are. 
According to Paul Engel (personal communication), relevant actors are 
those that 'just won't go away'. That is a very pragmatic understanding 
of 'relevant' but, as we shall see, it obscures at least two categories: the 
dominant ones, who may feel they have nothing to gain from 
participation, and unaware actors, who do not know what there is to 
gain” (Warner, 2005 p. 5).  

Environmental 
sciences 

“There is a risk that some stakeholders may be accidently omitted and 
as a consequence not all relevant stakeholders of the phenomenon may 
be identified” (Clarkson, 1995 cited in Reed, 2009 p.1937). 

Natural resource 
management 

“In the low density  network  areas  more  work  is required  to  get  on 
board  the  relevant stakeholders  to  address  the  existing  or emergent  
challenges” (Tenywa et al., 2010 p.125). 

Agricultural 
sciences 

“It is important to ensure that weaker stakeholders are not marginalised 
or discriminated against. Also, stakeholders who are potentially 
concerned by the project should be identified and integrated into the 
process” (Luyet, 2012 p.217). 

Environmental 
sciences 

 

There is convergence among these authors that seeking inclusion of marginalised and hard 
to reach stakeholders is both necessary and challenging. However, the necessity of including 
marginalised groups as stakeholders in research projects depends mainly on the project goals. 

‘Inclusive innovation’ refers to the development of innovations for and by those who tend to 
be excluded by the general ‘mainstream’ of business or development initiatives (Heeks et al., 
2013). These authors identify two key aspects in defining inclusive innovation: (1) a 
clarification as to which marginalised, excluded group is to be the focus of attention for an 
innovation; and (2) which aspect of innovation must the excluded group be included in (and in 
order to achieve what).  

The second aspect refers to the fact that an inclusive innovation may refer to the marginalised 
group as being innovator or as being ‘impacted’ by innovation; in other words, an innovation 
can be inclusive with regard to the process, or the outcomes, or both. Furthermore, the desired 
outcomes can be defined in many different ways. Inclusive innovation can mean that a 
marginalised group has participated in a project and benefited from it, for example, with regard 
to networks, capacity building and new insights. On the other hand, it could also mean that 
previously existing inequalities have been reduced as a result of the project, e.g. that the 
income of poor people has increased and inequality has been reduced (Johnson & Anderson, 
2012). The latter would require a more systematic way of addressing inequalities beyond just 
ensuring participation. Richard Heeks and co-authors (2013), therefore, suggest a range of 
different levels of inclusion, each of which requires different steps to be taken in the course of 
the innovation process. 

Who represents? 
The concept of ‘representation’ arises because stakeholder categorisation is used to create 
smaller groups for participatory processes. As discussed above, stakeholder categories such 
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as ‘farmer’, ‘trader’, or ‘retailer’ cannot be assumed to have internal homogeneity. 
Furthermore, such categories do not immediately translate into people to collaborate with in 
transdisciplinary agricultural research.  
 
From operations and systems management, Matthias Müller and co-authors write, “in the 
context of collaborative research into societal problem situations, this difference [between 
abstract categories and individuals] is crucial, as the purpose of collaboration is to enlarge the 
epistemic base by using real persons…to represent the perspectives of abstract categories of 
actors” (Müller et al, 2012 p.496). 
 
For this reason, we suggest acknowledgement of the implications of individuals’ positionality 
within the recognised internal heterogeneity of an actor category. As is emphasised in 
literature on situated knowledge (Haraway, 1988), relevance systems (Schutz & Luckmann, 
1973), and emphasised in transdisciplinary approaches (Hirsch Hadorn et al., 2008), all 
individuals only ever have a partial view.  

Conclusion 
When projects claim to have successfully included ‘all relevant stakeholders’, the validity of 
the claim must be questioned. This term usually obfuscates the complexity that is involved 
regarding who makes the choice about who is considered a stakeholder in relation to a 
particular problem situation, and further, who decides which of them is relevant. 

Critical reflection on how identification is conducted within stakeholder analysis is key for 
designing inclusive transdisciplinary agricultural innovation research. After reviewing the 
literature, the main challenges to consider are: a) complex problem situations require diverse 
perspectives; b) multiple actors from which those who have a ‘stake’ have to be identified; c) 
internal diversity which might necessitate stakeholder sub-categories; d) marginalised groups 
which by definition are at the boundaries of what is ‘visible’; e) ‘representation’ of a stakeholder 
category; and f) who makes decisions about stakeholder identification.   

An iterative process including critical reflection by the researchers, dialogue with participants, 
and shared decision-making on stakeholder inclusion, enables more context-specific inclusive 
innovation processes to be achieved. The aim is to make the process of making a choice more 
transparent and to expand decision-making power with stakeholders to make research on 
complex problem situations in agricultural research more meaningful. 

In summary, all of these issues of defining a problem situation, identifying actors and weighing 
their ‘stakes’ coalesce to reveal that identification is always only partial. Scientists seek to use 
stakeholder analysis to systematically order a dynamically shifting ‘actor landscape’ in order 
to identify real people with whom to work with in transdisciplinary research. They can improve 
conditions for inclusivity by sharing decision-making and by systematically addressing the 
specific situation and needs of marginalised groups in the research. 
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Abstract: Business actions to strengthen food value chains in developing countries can fulfil 
important roles in achieving future food security. But hardly anything is known about such 
initiatives going beyond the pilot phase or having been replicated or scaled up. The 
complexities of the food value chain, the inter-dependence of its different components, and 
the challenging contextual conditions encountered in low income markets, present both a 
challenge and an opportunity for the private sector to develop successful business models.  
This article aims to answer the research question “What are the characteristics of the business 
models used by the private sector to contribute to food security for low income markets?”. Five 
business intervention strategies on food security for low income markets are analysed on 
business model components, local embedding and innovation strategies and business eco 
system building strategies. Important findings are the added value of marketing and 
distribution strategies for successful business model development on food security, the use of 
coalition building to overcome institutional and cultural gaps, and the added value of 
intermediary organisations.  
 
Key words: Food security, business model, IB, upgrading, business “business ecosystem”, 
BOP 
 
Introduction 
“Food security exists when all people, at all times, have physical, social and economic access 
to sufficient, safe and nutritious food, which meets their dietary needs and food preferences 
for an active and healthy life” (FAO, 2013). However, the world still faces a persistent food 
security challenge. Scholars and policymakers increasingly look at the involvement of the 
private sector in the fight against poverty issues such as food security (Gradl & Knobloch, 
2010; Kubzansky et al., 2011; Prahalad, 2004). Rather than the aid and charity approaches 
that have dominated the scene for the past few decades, the alternative line of discussion 
around inclusive business (IB) and base of the pyramid (BOP) approaches emphasise the role 
of innovation and pro-poor entrepreneurship (Halme et al., 2012).  
 
Local and international organisations invite the private sector to more proactively engage in 
order to improve food security in developing countries (FAO, 2014; Forum, 2010). Roughly 
60% of the 2.5 billion people who live on US$2 or less a day, live in rural areas and are directly 
dependent on a small farm for their household income (World Bank, 2016). The other 40% 
are often closely linked to the food value chain, either through business linkages (e.g. as 
agricultural input retailers or small traders), or through other means (Forum, 2010). The private 
sector is keen to enter into these low income markets because they offer growth opportunities, 
a source of innovation, efficiency advantages, and reputation advantages (Christensen et al., 
2001; Hamilton, 2013; Hammond & Prahalad, 2004; Hart & Christensen, 2002; Reardon et al., 
2009; Steidlmeier, 1993).  Expanding private sector involvement could also bring sizeable 
gains to poor, food-insecure communities through research and extension services, inputs, 
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infrastructure, farm equipment, food processing and marketing (Tuttle, 2012). It requires 
(re)designing the product, process or the institutional arrangements of the value chain (Danse 
& Vellema, 2005; Gradl & Jenkins, 2011; Kaplinsky & Readman, 2001; Prahalad, 2004; 
Simanis & Hart, 2006) to meet the marketing mix for the BOP: awareness, accessibility, 
affordability and availability (Chikweche, 2013; Chikweche & Fletcher, 2012). 

There is a clear distinction between the IB and BOP approach  (Halme et al., 2012). The BOP 
proposition emphasises the untapped opportunities for win–win business as companies 
engage in serving the BOP market (Goyal et al., 2014; Hart, 2005; Prahalad, 2004). While 
being a popular approach, there have also been criticisms both of the extent to which it has 
been effectively realised (Arora & Romijn, 2012) and of its negative effects (Hall et al., 2012; 
Karnani, 2009, 2010; Landrum, 2007). To overcome negative effects, inclusiveness has been 
advocated (Arora & Romijn, 2012). IB is a sustainable business that benefits low-income 
communities. It is a business initiative that, keeping its for-profit nature, contributes to poverty 
reduction through the inclusion of low income communities in its value chain (Heeks et al., 
2014; Bonnell & Veglio, 2011). This differs from the value chain approach, as IB aims at 
economic and social benefit engaging low income groups purposely, while the value chain 
approach aims to optimise chain performance and maximise benefits. Some scholars indicate 
that IB may be the way to reach scale in BOP markets (Gradl & Jenkins, 2011). In this article 
we use the term BOP when talking about the low-income socio-economic population segment, 
and IB when describing business efforts in this area.  

So far, in the context of food security at the BOP, a number of IB approaches have been 
identified (Colin Poulton, 2010; Nicolas Chevrollier, 2012) (Sanchez & Ricart, 2010; Vorley et 
al., 2009). However, a systematic mapping of initiatives and a better insight into their structure 
is lacking, specifically with regard to the following points: i) the different roles actors can play 
in IB initiatives (Kolk et al., 2013); ii) a better understanding of the initiators, which can shed 
light on the differences between multinational-led and locally-led IB initiatives (Kolk et al., 
2013; Calton et al., 2013); iii) understanding companies’ business models as this is a 
prerequisite for better decision making for the parties involved to scale up to serve more poor 
people with products and services or for replicating these models in different geographic 
contexts (London & Hart, 2004; Seelos & Mair, 2007; Goyal et al., 2014); and iv) while IB 
models can compensate for some of the gaps in the market environment in developing 
countries, or work around them, (Gradl & Jenkins, 2011; Dolan & Roll, 2013) there is a need 
to assess how business “business ecosystems” perform to realise optimal performance of  the 
IB initiative (Calton et al., 2013). These are “communities or networks of interconnected, 
interdependent players whose actions determine whether or not a company’s inclusive 
business model will succeed” (Gradl & Jenkins, 2011 p. 27). 

This paper aims to fill some of these gaps by unravelling how the local and international private 
sector has been shaping business models and intervention strategies with their business 
“business ecosystem” in order to contribute in a sustainable and scalable way to food security 
for BOP markets by strengthening food production of BOP farmers, and increasing the access 
to affordable nutritious food for BOP consumers. This is done by analysing case studies of 
private sector driven initiatives that aim to improve food security on: i) business model; ii) 
business eco system influence; and iii) the complex interdependence of actors in the food 
value chain. The next section provides a review of pertinent literature followed by a section 
that explains the research methodology used. We then present the findings followed by a 
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discussion of the merits and limitations of the private sector in supporting scalable solutions 
on food security, concluding with theoretical and practical implications of the findings. 

Building blocks to analyse IB models  
It is often argued that the success at the BOP requires innovative business approaches in 
which the logic significantly differs from approaches used at other tiers of the pyramid (London 
& Hart, 2004; Seelos & Mair, 2007; London & Anupindi, 2012). Disruptive innovation in 
distribution, value chain management, workflows, organisation, payment schemes, customer 
education, and human resource management can be necessary (Klein, 2008). It is assumed 
that success in the BOP requires innovation in multiple aspects of the business approach 
(Prahalad, 2004; London & Hart, 2004; Seelos & Mair, 2007; Oodith & Parumasur, 2013). This 
may require an integrated approach that brings together various theories (Wright et al.,2005; 
Klein, 2008).  
 
Elements of business models 
Understanding business models in a poverty context requires explorative approaches able to 
deal with rich contextual data (Seelos & Mair, 2007). Morris (2005) proposes a framework that 
allows designing, describing, categorising, critiquing and analysing a business model for any 
type of company. The attractiveness of the framework for this research is that it allows  
analysis of the model at three increasingly specific levels of decision making, termed the 
‘foundation’, ‘proprietary’ and ‘rules’ levels. For this research the foundation level is most 
relevant as it allows comparison of business initiatives (Klein, 2008). The foundation level 
consists of six components: the offering of the firm; the market in which the firm operates; 
internal capability (e.g. production systems, supply chain management); competitive strategy; 
economic factors (e.g. pricing and revenue sources, volumes); personal/ investor factors (e.g. 
pricing and revenue sources).   
 
The framework is useful for the analysis of IB models that aim to contribute to improved food 
security at the BOP as it allows comparison across different business models from a broad 
universe of ventures. Also, the framework provides features to analyse the adaptability of 
business models to complex environments. There is internal fit when there is a coherent 
configuration of foundation factors. The external fit addresses the appropriateness of the 
configuration given specific and often changing external environmental conditions. 
Consequently, the model responds to the presence of many in-company and external 
interdependencies.  

However, conventional business model scholars presuppose a well-functioning and 
supportive environment for business to develop and function (e.g., well-functioning 
infrastructure, clear institutional frameworks). IB scholars emphasise different circumstances 
in low income markets, which may influence the configuration of the business model 
(Prahalad, 2004; Goyal et al., 2014; Gradl & Jenkins, 2011; Gradl et al., 2008; London & 
Anupindi, 2012).  ‘Institutional voids’ are extremely important in this context (Khanna & Palepu, 
1999; Khanna et al., 2005).  The lack of formal market institutions in low-income markets 
causes high transaction costs and thus the firm has to look for alternative ways to organise 
such transactions. One way to work around this is engaging non usual partners, so called 
“fringe stakeholders” such as community leaders or development agencies, which help to 
embed the business model in the local context (London & Hart, 2004). Deliberately improving 
the “business ecosystems” around IB models can also help overcome the market gaps that 
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make those models high-touch, high-cost, and often - small-scale (Foster & Heeks, 2013; 
Gradl & Jenkins, 2011).   

Local embeddedness  
The generic classification for businesses embedding in their context is by creating horizontal, 
vertical and diagonal alliances (Poulton & Macartney, 2012; Volery & Mensik, 1998). 
Horizontal alliances (e.g. producers in a cooperative), and vertical alliances (e.g. producers 
and suppliers) are most commonly used to improve the performance of the value chain.  
Diagonal alliances, also dubbed cross sector partnerships (Akanksha et al., 2012; Calton et 
al., 2013; Deb, 2013; Faulconbridge, 2013; Kaplinsky & Readman, 2001; McKenzie, 2013; 
Stadtler & Prost, 2012; Termeer et al.,2010) are mostly among public and private sector 
actors, and aim at improving the business “business ecosystem” context. Business strategies 
on the food production side of food security mainly use horizontal and vertical alliances to 
improve its external fit (Forum, 2010; Nicolas Chevrollier, 2012; Reardon et al., 2009). While 
in the case of developing and selling nutritious food to BOP consumers, diagonal alliances are 
more frequently developed in order to solve institutional challenges (e.g. absence of 
infrastructure) that complicate the connection between the company and its market (Kaplinsky 
& Readman, 2001; Poulton & Macartney, 2012; McKenzie, 2013; Nicolas Chevrollier, 2012; 
Reardon et al., 2009; Woodhill, 2013).  
 
Alliance building strategies support the development of an appropriate external fit of the 
business model. The opportunity for upgrading of the business in the value chain is an 
important aspect of this fit. A commonly used categorisation from Humphrey & Schmitz (2004) 
is: process (i.e. introducing quality standards); product (i.e. add vitamins to a food product); 
functional (i.e from primary production to food processing); and inter-chain (i.e. target raw food 
materials at cosmetic market) upgrading. Obviously, depending on the complexity of the 
upgrading strategy, alliances need to be built with more or less value chain actors.  

IB “business ecosystem” strengthening 
Gradl & Jenkins (2011) argue that companies may be unable to engage lower-income 
segments commercially at any kind of scale without high operating margins or the ability to 
cross-subsidise to cover costs. Many IB models are “high-touch” involving: significant 
customer education; supplier, distributor and retailer training; provision of financial services - 
even among non-financial institutions; and “high-touch” can become expensive. To overcome 
this challenge, deliberately improving the “business ecosystem” around IB models additional 
to business model innovation can help overcome the market gaps that make those models 
high-touch, high-cost, and as such often small-scale (Altenburg & Lundvall, 2009; Foster & 
Heeks, 2013). Given the institutional voids (Peng et al., 2008; Vellema & Danse, 2007) within 
BOP markets, economic activities are supported more strongly by informal network-based 
mechanisms, such as societal norms, trust and familial ties (De Soto, 2000). Without formal 
institutions in place to mitigate the contractual hazards of transacting with parties outside a 
firm’s own social network, opportunity exploitation is often constrained. Evidence supporting 
this assertion can be found in the limited presence of medium-sized enterprises (Dia, 1996) 
and the presence of large informal sectors in BOP markets overall (Schneider, 2002). 
 
Gradl & Jenkins (2011) suggest 6 IB “eco system” strengthening strategies; BOP awareness 
raising and capacity building; research; information sharing; public policy dialogue; and 
creating new organisations. While large donors and development finance institutions have a 
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long tradition in supporting such interventions, more recently MNC have also started to support 
them.  

Analytical framework  
Figure 1 presents the key features of an IB model. Table 1 summarises for each feature its 
specific variables.   
 

 
 

Figure 1. Key variables of an IB model for food security 
 
 

Table 1. Variables of IB model 
Feature Specific variables 
Business model  Offering, market, internal capability, 

competitive strategy, economic, 
personal 

Linkages Horizontal, vertical, diagonal 
Upgrading Process, product, functional, interchain 
“business ecosystem” strengthening 
strategy  

Awareness raising and capacity 
building, research, information sharing, 
coalition building, public policy dialogue, 
creating new organisations  

 
Research method 
This research builds on a database of 71 private sector driven initiatives on food security for 
the BOP by Nicolas Chevrollier (2012). They clustered these 71 cases in 5 business 
intervention strategies (BIS): 
  
1. Farmer development services - smallholders as customers of goods and services that aim 

to improve their food production. Food security improves by improved income of farmers 
and more foods on the local market; 
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2. Secured sourcing schemes - smallholders as suppliers to larger local or international 
processors or traders. Improved food security mainly through the increased income of 
value chain actors; 

3. Rural retail hubs - acting as an intermediary between (smallholder) producers and 
consumers. Increased income for value chain actors and potential to make quality food 
products more easily accessible and more affordable;  

4. Food product adaptation - adaptation of existing products, services, processes to serve 
BoP consumers. Improved food security due to increased availability and affordability of 
food and food products; 

5. Hybrid market creation - innovative strategies that seek to create new markets at the BoP 
through the introduction of new (specialised) products. Improved food security by improved 
access to and availability of quality foods. 

 

For the research presented in this article, 3 cases per BIS were selected randomly. In the case 
of BIS2 four cases were selected to compensate for the higher number of cases in the 
database. These 16 cases were analysed based on online available secondary sources 
(publications, project reports, business websites and information available on social media) 
and verification interviews with at least one key representative of the lead organisation.  

Overall 2 of the 16 cases are led by Local Companies (LC), 5 by Multi National Enterprises 
(MNE), 4 by Small and Medium Sized Enterprises (SME), 4 by social enterprises (SE) and 1 
by a Public Private Partnership (PPP). Only one case refers to Latin America, 9 to Asia and 6 
to Africa, which may be due to English search terms being used. All cases are partially or fully 
funded by the private sector, which was one of the selection criteria used to build the database.  

Results  
 
Business model  
In line with Klein (2008) the 16 business cases are analysed at foundation level (see Annex 1 
for details). Twelve out of sixteen cases offer primarily standardised products. At the same 
time, for 13 out of 16 cases product or service quality appears an important competitive feature 
of the business model, contrary to the assumption that business strategies for low cost 
markets are about low quality. Technology development and R&D appears important mainly 
in the BIS1 and BIS2 cases, as well as in the BIS5 case Valid Nutrition. For this data set, most 
cases aim at producers and entrepreneurs rather than food consumers, though it appears that 
almost all cases develop over time a diverse market strategy, reaching out to both food 
producers as well as food consumers.  

The most prevalent internal capability appears to be selling/marketing. Besides that, supply 
chain management is also a key factor for cases ranging from BIS1 to BIS4. The 
production/operating system is also a key factor in most cases except the BIS3 as these aim 
at retailing. This competence enables firms to generate big volumes of low price products and 
to get them to the right location.  
 
The cases do not provide a singular answer to the question for whom is value created - the 
low income food producer or the low income food consumer? Over time all cases seem to 
evolve from a narrow focus on either producers or consumers into strategies where they target 
both. This might be a response to institutional voids in the food system that force firms to take 
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care of multiple activities in the value chain to safe guard their competitive position. In the case 
of BIS1 and BIS2 consumers need to buy the products of the farmers to create demand for 
the inputs, processing and/ or distribution services. In the case of BIS4 and BIS5 raw materials 
need to be available and brought to the processing units to assure food product availability. 
The type of market (general/broad/niche) and the nature of the costumer relationship 
(transactional/relational) differ considerably across cases and there is no specific distinction 
between different BIS types.  
 
Linkages and up grading strategies 
Within this data set none of the lead organisations established horizontal alliances to create 
linkages. Cases where the social enterprise is the lead agent appear to develop mostly in 
diagonal alliances. These cases are all BIS4 and BIS5 aiming at BOP food consumers. In all 
diagonal alliances at least one NGO is involved. Other alliance partners identified in these 
diagonal alliances are government (2 cases), businesses (2 cases) and multilateral 
organisation (1 case).  
 
All four upgrading strategies could be observed in the 16 cases. Product upgrading strategy 
has happened in the retail oriented BIS3 and the food consumer oriented BIS4 and BIS5. This 
means that the products introduced in the market have been adjusted e.g. by adding micro 
nutrients. Process upgrading strategy seemed to be the second preferred strategy by producer 
oriented BIS. This means that adjustments have been made in the process, e.g. by introducing 
an innovative processing technology to process cassava at a farm site such as in the BIS1 
Dadtco AMPU case in Nigeria. Only in one case (Heineken sorghum in Sierra Leone) did  
interchain upgrading happen. In this case small holder farmers were stimulated to supply 
sorghum for local beer production. Sorghum was not a major food staple in the target country, 
for which it did not compete with local food availability. Farmers were taught to produce 
sorghum that complied with the brewery requirements. The extra income generated by selling 
sorghum to Heineken provided farmers with increased financial means to take care of their 
food security.    
 
In some cases more than one upgrading strategy could be observed such as product and 
process upgrading. The time that the business has already been active in the BOP market 
seems to influence this result. Most cases that are active in the BOP market for quite some 
time show a number of consecutive upgrading strategies that have been implemented over 
time.  
 
“business ecosystem” strengthening strategies  
All cases engaged one or more ecosystem partners during the implementation of the IB model 
development. NGO’s are the most commonly used type of partner, followed by governments. 
Interestingly, in the cases where NGOs were partners, the lead organisation is never an SME 
but always a MNE or LC; except in the cases of BIS4 Valid Nutrition South East Africa and 
BIS5 KeBal Indonesia where the social enterprise was setup by the NGO itself for a very 
specific purpose.  

None of the strategies is exclusively used by one type of BIS. In fact, the cases selected for 
each BIS show that all strengthening strategies can be used in every type of BIS. All cases 
invested in awareness raising and/ or capacity building strategies, and almost all the cases 
have developed some form of new organisation.    
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The case studies show that MNCs have developed less research, coalition building and public 
policy dialogue in their ecosystem strengthening strategies than BIS developed by other lead 
organisations. Overall, always more than one strengthening strategy is used, and in all cases 
there is BOP awareness raising or capacity building. Research as a strengthening strategy 
seems to be the least used. In general PPP´s and social enterprises seem to be using the full 
array of strengthening strategies more than the other lead agents. 

Discussion and conclusion 
The purpose of this article is to unravel how the private sector has been shaping business 
models and intervention strategies with their “business ecosystem” in order to contribute to 
food security for the BOP market. We analyse the results based on research gaps identified 
in the literature and the key variables of an IB model as summarised in Table 1: business 
model characteristics, linkages and upgrading strategies; and eco system strengthening 
strategies. We will also reflect on issues that require further research.  
 
Food security involves bigger companies, but mostly multi-actor initiatives 
In the case of business driven food security initiatives 34% of the 71 cases identified by Nicolas 
Chevrollier (2012) are led by MNEs, in contrary to the findings of Kolk et al. (2013) that 
revealed hardly any MNE engagement in business model development for BOP markets. This 
can be explained by the global nature of the food industry, driven by MNEs (Filippaios & Rama, 
2008), as well as the declining economic growth of their home markets which has stimulated 
them to search for new growth markets (Regmi  & Gehlhar, 2005).  
 
A considerable number of BIS is still initiated by small (rather than large) and local (rather than 
multinational) firms. In fact not all BIS were initiated by for-profit firms, but also by social 
enterprises and one PPP. The business model on food security in BOP markets is often 
initiated as a partnership between the private sector and parties active in the “business 
ecosystem” instead of a pure private sector lead initiative. This may be because the 
collaboration is instrumental in improving the external fit by incorporating internal capabilities 
of other parties into the over IB model such as the distribution systems of food aid 
organisations.  

The research data did not allow for a more in-depth analysis of the characteristics of the 
initiators of BOP initiatives. However, this could be relevant in future research as this can shed 
light on the differences between MNE-led and SME- and/or locally-led IB initiatives, as well as 
private sector- led or NGO- led initiatives. Also, the significance of not-for-profit in IB initiatives 
points to a more complex relationship between profitability and poverty alleviation than 
originally thought (Kolk et al., 2013; London & Anupindi, 2012).  

Business models based on low cost, big volume, standardised products of quality 
contribute to BOP food security   
Overall, the most relevant foundation level components of the IB model on food security 
appear to be end user focused (either small holder farmers or low income food consumers) 
and highly standardised products, supplied in big volumes but based on quality.  
 
The higher number of producer oriented business models in the dataset can be explained by 
the additional advantages it provides to the BOP as well as to the business to strengthen the 
food production capacity at the BOP as it also creates sources of income and spurs economic 
activity at the BOP (Calton et al., 2013; Nicolas Chevrollier, 2012). Additionally it enables co-
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creation, using the valuable insights of BOP people and BOP enterprises as input for 
innovation processes (Simanis & Hart, 2006; Oodith & Parumasur, 2013). The higher number 
of producer focused BIS can also be a time bound result. All BIS4 and 5 are from recent dates 
(Nicolas Chevrollier, 2012). More recently the attention has moved from strengthening food 
producers to improving the access and quality of food for low income consumers(Godfray et 
al., 2010).   

The results of the case analysis confirm that the marketing mix for BOP markets focus on 
awareness, accessibility, affordability and availability (Chikweche, 2013; Chikweche & 
Fletcher 2012; Brugmann & Prahalad, 2007). But it appears that food security related BIS 
differentiate among themselves especially on the accessibility and availability characteristics. 
Marketing, sales and supply chain management are key internal capability components 
present in most cases. This can be explained by the contextual characteristics of the BOP 
food market. Many BOP food producers are based in remote rural areas, while many BOP 
food consumers are based in crowded urban slum areas that lack proper infrastructure. 

For some cases it was difficult to analyse the business model using the framework of Morris 
(2005) as they seemed to develop double (or mixed) business models over time. This may be 
because companies engage in service delivery in addition to their core activities (Poulton & 
Macartney, 2012), possibly to overcome value chain challenges (Woodhill, 2013) and
institutional voids (Reardon et al., 2009; London & Anupindi, 2012). In these cases some 
initiatives started out as product delivery activities but developed into end-market distribution 
and marketing activities over time to enable the businesses they were serving to sustain 
themselves.  

Uniqueness of business models in sales and marketing strategy 
None of the cases shows clear evidence of developing a competitive advantage through 
radical technological innovation despite the unique opportunities for radical innovation 
provided by the BOP (Hang et al., 2013; Hart & Christensen, 2002; Ray & Kanta Ray, 2011).
However, it confirms (Vellema & Danse, 2007; Altenburg & Lundvall, 2009) findings on the 
relevance of adaptation instead of innovation, and the importance of business model 
innovation instead of technological innovation in BOP markets.

The key element through which the BIS try to distinguish themselves is by investing in 
infrastructure and/ or distribution systems. Most cases develop indirect distribution strategies 
leveraging existing networks by establishing innovative partnerships with organisations that 
already reach the BOP. This confirms the findings of London & Hart (2004); Hart & Sharma, 
(2004) that leveraging on networks of fringe stakeholders enables the BIS to enter immediately 
and benefit from the trust base already established in these markets. These partnerships 
appear to be established mainly for BIS aiming at BOP food consumers (BIS4 and BIS5), 
rather than BOP producers (BIS1 and BIS2).  

Linkages aim more at achieving upgrading rather than establishing economies of scale 
None of the lead organisations established horizontal alliances. Horizontal alliances often aim 
at achieving economies of scale or improving the countervailing power. It appears that the 
lead organisations did not focus specifically on that strategy at this initial stage of development 
in which collaboration for scaling up was not yet the focus.  Most of the alliances built for the 
BIS analysed chose a vertical orientation. This can be explained by the fact that most cases 
focus on strengthening producers, and as such functional and process oriented upgrading 
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strategies. Three of the four consumer oriented cases were based on diagonal alliances and 
were led by social enterprises. In these cases product upgrading strategies were developed.  
 
Recently, a growing number of donor and policy making organisations combine food and 
nutrition security challenges and invite firms to propose strategies to solve them. This analysis 
reveals important differences in business model characteristics and embedding strategies 
between producer and consumer oriented food security initiatives. It requires further research 
to obtain a better understanding on the prerequisites that should be taken into account if 
businesses and other parties want to engage in either producer oriented or consumer oriented 
food security strategies.       
 
“business ecosystem” strengthening focused mostly on creating awareness and 
coalition building 
The results confirm the relevance of interaction with eco system actors for the development of 
an IB business model. All cases incorporated activities that aimed at raising awareness of the 
product, new technology or new way of working being introduced at the BOP. The strategy 
least used to strengthen the “business ecosystem” appears to be research, perhaps because 
the low cost/high volume business model does not leave a lot of space for research. But it 
may confirm that the relevance of research in IB or innovation processes is often neglected 
(Altenburg & Lundvall, 2009).  
 
In most BIS awareness raising activities aim at the target group of the food security strategy, 
thus farmers in the case of the producer oriented strategies and consumers in the case of the 
food consumption oriented strategies. Awareness raising is a strategy that can contribute to 
an improved external fit of the business model to the market, as suppliers and/ or consumers 
obtain a better understanding of the unique proposition (e.g. product, functional or process 
upgrading) that is being introduced.  

The eco system strategy on coalition building appears to be a commonly used strategy. It 
confirms that coalition building strategy appears to be used to overcome risks on institutional 
voids (De Soto, 2000; Altenburg & Lundvall, 2009) e.g. Metro Vietnam, cultural differences 
(Ma et al., 2014; Hart & Sharma, 2004; Stadtler & Prost, 2012) e.g. Danone and Grameen 
foundation, and to overcome innovation challenges e.g. Dadtco (Sonne, 2012; Stewart & 
Hyysalo, 2008).  

In addition, in most BIS one or more organisations are involved that facilitate the development 
of the business case and the process of embedding. This confirms findings on the relevance 
of intermediary or brokering organisations to develop innovation strategies in a developing 
context in general (Colin Poulton, 2010; Ma et al., 2014; Stadtler & Prost, 2012; Stewart & 
Hyysalo, 2008) as well as an agri-food context specifically (Klerkx & Leeuwis, 2008; Kilelu et 
al., 2013).  The research approach and the data quality of this research do not allow an in 
depth analysis on the characteristics of this intermediary role. It requires further research to 
obtain a better understanding on the way the business “business ecosystem” of the BOP 
market influences the business model, as well as the characteristics of intermediaries to 
facilitate the development of IB in BOP markets. 

Conclusion 
This article aimed to provide more insight into the way the private sector has been shaping 
business models and intervention strategies with their ecosystem in order to contribute to food 
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security for the BOP market. A combination of variables were identified to obtain a better 
insight on internal functional characteristics of the business models as well as features to 
enable the private sector to locally embed and respond to institutional voids. Applying these 
variables to a set of 16 private sector supported food security cases, provided a more detailed 
insight into the functional factors of the business models developed, but it also confirmed that 
for each case linkages with other actors in the food ecosystem have been established to 
improve the performance of the food value chain. In the case of producer oriented BIS the 
focus is on functional and process upgrading strategies, while for the consumer oriented BIS 
it is more focused on product upgrading strategies.  
 
Recently, a growing number of donor and policy making organisations have combined food 
and nutrition security challenges to invite the private sector to propose strategies to solve 
them. However, this analysis reveals that there are important differences in business model 
characteristics as well as embedding and upgrading strategies among producer and consumer 
oriented food security initiatives. These require further research in order to obtain a better 
understanding of the prerequisites that should be taken into account if businesses and other 
parties want to engage in either producer oriented or consumer oriented food security 
strategies.       

Finally, the research revealed the relevance of building coalitions to strengthen the IB 
ecosystem, and the role of intermediary organisations to develop these coalitions as well as 
other ecosystem strengthening strategies. It requires further research to obtain a better 
understanding of the way the business ecosystem of the BOP market influences the business 
model, as well as the characteristics of intermediaries to facilitate the development of inclusive 
business in BOP markets. This appears to be a neglected feature in the research on business 
model development for the BOP that may provide more insights into embedding and 
ecosystem strengthening strategies.   
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Learning about success and failure - a systems perspective on food security 
innovation processes for small-scale farmers in Tanzania  

Kuntosch, A., Fernández Tranche, R. and König, B. 

Humboldt-Universität zu Berlin. IRI THESys and Faculty of Life Science, Department of 
Agricultural Economics.  
 
 
Abstract: Food insecurity is still relevant for 16.8 million Tanzanians (FAO, 2015). 
Introduction of e.g. innovative techniques is a widely accepted approach to food insecurity 
(e.g. Alarcon, 2011). Causes of food insecurity are multi-level and multi-issue evolving e.g. 
from the interplay between poverty, insufficient awareness, environmental degradation and 
price instabilities (Ashley, 2016). We argue that to successfully implement and disseminate 
food security innovations, an adequate understanding of the context is needed. So far, 
innovation system approaches (used as analytical frameworks) have proven to be appropriate 
tools to study these multi-level and multi-issue problems in a holistic way (Hall, 2003). In this 
context, we focus on food security innovations for small-scale farmers in two Tanzanian 
regions. Based on empirical research, the paper presents findings on: (i) food security 
innovation processes within the study area; and (ii) selected food security innovation examples 
from which we attempt to derive the initial conditions for successful dissemination. 
Methodologically, an explorative mixed-methods approach was applied starting with a 
literature review and then fieldwork including semi-structured expert interviews at national and 
regional levels and farmer group discussions at the local level. Preliminary results from system 
analysis show that the ability of farmer groups to connect to other system-levels and actors 
would be a critical success factor, but knowledge flows occur when there are levels of trust on 
the horizontal level. For the local level, knowledge sharing systems are an important condition 
to enable dissemination processes.  
 
Keywords: Food security, innovation systems, smallholder farmers, food systems, Tanzania  
 
Introduction  
Food security is a prevailing challenge in Tanzania. It has been addressed by numerous 
projects (conducted by universities, NGOs and governments) in many ways, as addressing 
the causes of food insecurity can differ markedly from case to case. This contribution 
developed from a research project which addresses food security by applying a people centred 
approach to two case study sites (CCS) in rural Tanzania. It is designed to identify upgrading 
food security strategies/or innovations along food value chains (FVC) on a local level (Graef 
et al., 2014). The causes of food insecurity in Tanzania  are low productivity, lack of agricultural 
inputs, high rural poverty, low adoption of innovations, lack of markets and weak infrastructure 
- to name a few (Ashley, 2016).  
 
Taking into account the conclusions of other authors, innovations (technical, social, process) 
can help to alleviate food security problems (Ashley, 2016). There is no overall definition for 
the term innovation, therefore here we use a definition that originates from a majority world 
context: “the process of introducing something new and the new thing itself” (Dyamett, 2012). 
However, regardless of how the definition of the term is framed, it can be stressed that 

874



anything that is new to the user/ adopter is an innovation (Rogers, 2003). This paper 
addresses the concern that not enough is known about food security innovation processes in 
general, such as why only a small percentage of innovation directed at food security is actually 
taken up and implemented at a local level (Hounkonnou et al., 2012) and more specifically 
(regarding the case study site) what conditions influence people to take decisions on adoption 
or rejection. Being given the task of informing a project dissemination strategy, that was 
inclusive and legitimate at a village level (Hendricks, 2010), the authors wanted first to shed 
light on the setting in which food security innovation processes take place in the study area. 
From there a way forward to develop possible conditions to make these food security 
innovations more successful and then to enhance dissemination processes is discussed.  
 
Agriculture is a mainstay in Tanzania’s economy, contributing more than 30% of the GDP. In 
contrast, across Africa, the average contribution of agriculture to GDP is around 20%. More 
than 80% of the Tanzanian population depends on agricultural production for their living. 
Regardless of the importance of agriculture to the economy, the reinvestment in the sector is 
truly very low, both compared to the importance of the sector to the country and by 
international standards (Diyamett et al., 2012). Therefore, in Tanzania, poverty alleviation and 
food security programmes have been integral parts of national policy for more than 30 years. 
Due to several shifts in policy, no long term strategy has been drafted (Haug & Hella, 2013). 
Another challenge to formulating a coherent strategy are the aforementioned manifold causes 
of food insecurity. In 2014, almost 34% of the population (17 million) suffered differing degrees 
of food insecurity. Geographical regions are affected to different degrees: whereas between 
50 and 85% of people in the more semi-arid regions like Dodoma or Singida suffer increasingly 
from food insecurity problems, the more semi-humid regions like Morogoro or Tanga have 
reduced rates of 10 - 20%. The case study sites for this research include both regions: 
Morogoro is a semi-humid area - the main crops grown in this area are maize, sorghum and 
rice and the precipitation is between 600-800 mm;  Dodoma, is a semi-arid area where the 
main crops are sorghum and millet, with a strong involvement of livestock and the annual 
precipitation is between 350 – 500 mm.  
 
The next section presents the analytical framework used. The methods section will elaborate 
on the selected methodologies including a literature review, semi-structured expert interviews 
and farmer group discussions. Finally, the results and discussion section will introduce results 
from the aforementioned methods on selected aspects of innovation and will discuss possible 
consequences for dissemination. 
 
Approaching food security from an innovation systems perspective  
As the causes of food insecurity are manifold and cannot be traced back to one aspect, the 
solutions also need to be manifold and specific. For innovative solutions that address e.g. the 
right levels, actors or knowledge gaps, a thorough analysis of the context is needed. In this 
regard, system frameworks are recognised as being suitable tools - in the sense of analytical 
frameworks – with which to study agricultural innovations on different levels; both in this case 
and in most of the world (Hall, 2003). The literature mentions a number of different 
approaches. The National Agriculture and Research System (NARS) approach for instance, 
assumes that all knowledge comes from research (leaving out farmers from innovation 
processes) and is therefore exclusive in this regard. The most widely used approach across 
most of the world is the Agricultural Knowledge and Information System (AKIS) which includes 
intermediate structures and farmers as important actors (Assefa et al., 2009; Engel, 1997). 
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Next, on an analytical level, the Agricultural Innovation System (AIS) approach studies the 
complex relationships that emerge from such systems (Assefa et al., 2009). These system 
approaches also influence the decisions of policy makers, scholars or institutions. However, 
the Sectoral Innovation System approach as suggested by Malerba (2002, 2004) provides us 
with a suitable conceptual framework for the description of innovation systems, because it 
offers an opportunity to study the environment food security innovation processes are found 
in on different system levels and according to different (so called) system elements (Figure 1). 
Relevant levels identified are: the national level, as major food security and governance 
policies are decided here; policy is a key actor, as food security is ranked as an issue of high 
importance which needs national support in Tanzania;  the regional/district level is also 
involved, as the project operates on a regional level, entailing two regions with rather different 
characteristics in terms of culture, religion, natural conditions and climate; the project 
addresses four villages in total, two in Dodoma and two in Morogoro so this level is included; 
and finally, the farmer group (FG) level is where innovative solutions are implemented and 
tested. This is thus the starting point for dissemination of the respective strategies and 
solutions.  
 
 

 
 

Figure 1. Analytical framework to study food security innovations (Adapted by Malerba, 
2002 and Bokelmann et al., 2012) 

The system elements are briefly described below:  

 
Actors and organisations: characteristics of existing organisations and actors are described. 
The element contains e.g. individuals/groups of individuals, enterprises, universities, financial 
institutions, local authorities,training institutions. Agents and organisations can be on different 
organiational levels; 
 
Interaction and intermediaries: intermediaries are networks, extension services, specific 
intermediaries of agricultural /food systems. E.g. extension has to adapt to different 
dimensions of challenges: to answer problems associated with changing social and 
environmental conditions, to cope with new information technologies or changing structures 
and finally they have to assume their role as translator and negotiator between different actors; 
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Knowledge base and human capital: this element includes indigenous, sector specific or 
cross-sectoral knowledge bases within the system. It also includes mobility of labour, 
spreading of sector-specific knowledge, learning processes and knowledge access, training 
and education; 
 
Institutions and politics: describes implicit and explicit rules, standard behaviours and 
routines for interaction between the actors and/or organisations within the specific innovation 
system. Actors within the innovation system are mainly influenced by the legal framework. 
Describes the impact of specific policies on food security innovation processes;  
Technology and demand: analysis of existing technologies, trends (products and services). 
Demand can give information on how the sector will develop in future and which central 
developments - and future potential - can be awaited; 
 
Natural resources: the limitation of natural resources and effects of climate change are 
among the main reasons for food insecurity in Tanzania. This is therefore adopted as an 
additional system element; 
 
Competition: the competitive situation in the innovation field in at both national and 
international level is described in this analysis element; 
  
Innovation processes: this system element was added to the analytical framework in order 
to gain knowledge about how innovation processes emerge in specific settings. This element 
adds the process perspective. 

  

The literature provides the important insight that the type of innovation and innovation activities 
can differ greatly among sectors (Malerba, 2005). From that, we hypothesise that different 
types of innovations and different types of innovation activities during an innovation process 
require different functions from an innovation system. Empirical information on the type of 
innovation and the attributes of an innovation might provide more specific explanations for 
barriers in an innovations system e.g. a specific characteristic might call for a specific actor or 
knowledge within the innovation system that the developer or the user needs to implement the 
innovation. Conceptual attributes of innovations are provided in the work of Rogers (2003) 
which link these attributes to the user perspective and the process of diffusion. Our overall 
research question is, what explanations for the enabling or hindering of food security 
innovations we can obtain through linking the meta-perspective on innovation systems with 
the study of innovation attributes during innovation processes. If an actor/ innovation system 
function is missing something which an innovation would require in order to be further 
developed/disseminated, this probably has an impact on the innovation process and finally on 
the outcome in terms of food security.  
 
The attributes of innovations are: relative advantage, compatibility, complexity, trialability and 
observability (Rogers, 2003). It is important to note that, in contrast to the innovation system 
approach, these attributes are all based on the users’ perspective, while innovation system 
research focuses on the entrepreneur/ a company's perspective.  
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A relative advantage perceived by farmers can be expressed as both an economic advantage 
and social prestige (Rogers, 2003 p. 229) or, in the case of our research, as the improved 
quality of a product or living conditions.  
 
Compatibility refers to the consistency with pre-existing values, norms or practices (Rogers, 
2003 p. 240). This is based on the assumption that the higher the compatibility is, the less 
uncertainty and risk the users perceive (Rogers, 2003). Compatibility is (and can only be) 
assessed by the adopters in comparison to previous practice, knowledge or ideas. Therefore, 
local knowledge should be taken into consideration when introducing an innovation into a local 
context. It can also refer back to the innovation system. If the system only provides 
technologies that are too complex or not compatible, they are likely to be rejected.  
 
Complexity refers to the ability of the adopter to understand and use an innovation in an 
everyday setting (ibid. p. 257). High complexity can be an important barrier for individuals and 
make them reject a measure.  
 
Trialability tells us something about how possible it is for the user to change or improve the 
innovation. This attribute is important where dissemination is the major aim. Rogers also 
stresses that a higher degree of trialability can reduce the perception that an innovation is 
risky or uncertain.  
 
Observability means that the results, the outcome of an innovation, are visible for others. The 
higher the degree of observability the more likely the innovation is to be adopted.  
 
Thus, considering the attributes of an innovation as an additional analytical element in 
empirical innovation system research can provide explanatory information as to why some 
innovation processes are more successful than others or why some innovations are preferred 
by the users. Attributes can also refer back to the analytical frame and the broader setting in 
which innovation processes take place. 
 
Methods  
Some theories or frameworks suggest - or even require - methodology. However, innovation 
system frameworks do not predefine specific methods. They mainly provide empirically 
developed heuristics for a way to structure thinking and embed the empirical work into an 
analytical frame. A structuring, analytical lens is used here. The literature states that the 
methods still have to be developed (Assefa, 2009; Spielmann, 2009). So far not much is known 
on the nature of food security innovation processes in the selected Tanzanian case study 
sites; and there is certainly a lack of written information. To give a comprehensive overview of 
the state of FS innovations in the study regions an exploratory approach is needed in order to 
access useful information on the different system levels. 
 
On a national and regional level explicit (written) information is accessible, whereas on a 
village, farmer group (FG) or individual level, this information is lacking. An intensive literature 
review was thus carried out, including policy briefs, scientific articles and NGO reports. 
Additionally, semi- structured expert1 interviews were conducted to answer open questions 
from the literature review and get an initial insight into the system.  
                                                           
1  Experts are persons who have: relevant knowledge of the FS system or a specific system element  
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On a local /farmer group level two field phases have taken place so far: 
 
The first field phase in 2015 aimed to understand what food security innovation processes 
there required and to understand the practices of farmer groups facing food insecurity. In this 
phase, three farmer groups from outside the project were interviewed because project farmer 
groups had just been founded and had not yet experienced any innovation processes. The 
groups worked on different innovative solutions including poultry keeping, machinery and 
saving and credit/rice growing. The groups interviewed were real farmer groups (see 
Przyborski and Wohlrab – Sahr, 2014 and Lamnek, 1998) that had either established 
themselves or were formed by MVIWATA (which is the farmers’ association) .They had added 
more activities like rice growing later by themselves.  
 
The second field phase (February/March 2016) was based on the results from the first phase 
and tried to identify the initial conditions required to arrive at successful food security 
innovation processes. Twelve farmer groups were interviewed, nine of them were formed as 
part of the project activities and three groups were established outside the project groups. 
Again, the groups selected from outside the project worked on similar innovation examples to 
the project groups.  One major aim during the second phase was to anticipate problems that 
project based FG could possibly face once the project was over. Learning how other groups 
dealt with certain problems was therefore a major motivation to include the outside groups. 
New adopters of certain innovation examples (e.g. kitchen gardens or improved cooking 
stoves, machines…) as well as project group drop outs were also considered in the research. 

 

Results and Discussion  

Results from system analysis.  
The results section will present results from different methods jointly. The structure and focus 
is on three selected system elements. In the positioning of the results from the field we will 
refer back to literature if it helps with comprehension. Here the system elements “interaction 
and intermediaries”, “knowledge base and human capital”, as well as “innovation processes” 
proved to be the most relevant with regard to uptake of innovation as well as likeliness of 
dissemination. The results section attempts to give a glimpse of how the different system 
elements and levels relate to one another and influence food security innovation processes.  

Interaction and intermediaries  
Literature shows that the agricultural extension system, as both an important intermediary in 
the system and link to the farmers, is still mainly provided by the government, which has been 
withdrawing the financial support necessary for this system to work properly (Temu et al., 
undated). This is in contrast with the fact that the regions have become powerful entities after 
the decentralisation process in the 1980s, and more responsibilities have been handed over 
to region and district levels  since the 1990s (Haug & Hella, 2013).  The literature supports the 
findings from interviews stressing low reinvestment rates in agricultural innovation, research 
and extension (e.g. Diyamett et al., 20112).  Farmer groups have thus become more important 
in dissemination and knowledge sharing processes (Barham & Chitemi, 2009) as the 
extension services often fail to work. Literature suggests that smaller FG which hold shared 
values and norms, and have stronger ties to outside organisations and actors, are more 
successful than others (Agrawal, 2001).  
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Results from interviews consistently show that the agricultural extension system is still an 
important intermediary between science and farmers. On the one hand it has a clear mandate 
and mission to act as a link between system levels and actors, but on the other hand it faces 
the challenge of drastic underfinancing for many years (Interview #2). In Tanzani, the needs 
of extension services generally so not match the number of available personnel: the extension 
officer to farmer ratio is documented to be at least 1:700 (Interview #2). Some advisers 
mentioned that they have no transportation vehicles, making it impossible for them to 
supervise all farmers in their very widespread catchment areas. The experts interviewed 
evaluated the present situation as follows: coverage of services and availability of funding 
decreases from the higher (national) to the lower (farmer) levels. In short, availability of 
funding, equipment and human resources on the target level (farmer level) has decreased to 
approximately 30% of total needs (nterview #2). On the extensionist side, a high fluctuation of 
extension workers was reported.  This was due to bad or irregular payments and complicated 
working conditions. Due to these facts, both government officials and NGOs were not 
perceived as trustworthy and their activities were evaluated as “to be not sustainable for the 
farmers” (FG #1). 
 
The system analysis revealed a number of discussion points. The aim of extension services 
to be intermediaries and kick-starters of innovation is no longer reflected in service numbers, 
which show low reinvestment rates in agricultural innovation, research and extension (e.g. 
Diyamett et al., 20112) and a low rate of integration for farmers in everyday decision making 
processes , “there is no link” (Interview #2). Rogers (2003 p. 254) calls this problem an “empty 
vessels fallacy”, when innovators and actors assume that the potential users (here: farmers) 
have little or no experience to contribute to a problem and no relationship with a new idea. 
 
The inclusiveness of farmer groups also has its limitations, as farmer group interviews 
revealed that FGs have high entry barriers for their members (member fees etc.) and can 
therefore exclude certain individual farmers who do not fulfill these requirements, as they often 
do not have the financial and human resources for their activities.  
 
Additionally, literature mentions innovation platforms (IPs) as a tool which is often supported. 
This aims to be a means of coordinating innovation activities (Spielmann, 2009). These 
platforms have been criticised for not being appropriate and not being tested sufficiently in real 
life settings. So far, they do not represent all the steps in a value chain and can be very 
exclusive when it comes to farmer involvement (Nederlof et al., 2011). On the regional and 
local levels, empirical findings support literature and specify that ‘job descriptions’ for 
innovation platform workers are unclear and stakeholders are not carefully selected, 
weakening the effective outcome of an intervention with such tools (Interview #8 and #2). Thus 
it can be discussed that the lack of success of interaction activities can often be traced back 
to the time and/ or resources factors: NGOs such as MVIWATA (National Network of Small-
Scale Farmers’ Groups in Tanzania) and international NGOs often show a short term or project 
based involvement in the villages (Interview #2).  As a consequence, on a local scale, the 
interaction and communication processes between levels are hindered due to restrictions in 
funding and lack of trust. The task of feeding information back and forth between levels is not 
properly carried out either. The results from the system element “knowledge base and human 
capital” which complement the results on the “interaction and intermediaries”, fit in well here 
and follow below. 
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Knowledge base and human capital  
Results from literature show that a number of actors on different system levels express a high 
demand for specific information and knowledge (e.g. Mwalukasa, 2013). As is explained 
below, this contradicts with knowledge sharing routines. There are knowledge flows from the 
national/regional levels down to the local level, but presenting this knowledge in written form 
often creates insurmountable obstacles if the local population want to assess this knowledge 
by themselves. This is also confirmed by literature (Eidt et al., 2008). Whereas there is little 
evidence that knowledge transfers from the local to the district or national level (Mwalukasa, 
2013).  
 
Adding to this, empirical results from almost all farmer groups consistently show that even the 
transmission of knowledge between relevant actors in the system is disturbed e.g. due to lack 
of resources which constitutes a major obstacle to unimpeded knowledge exchange between 
levels. Reverse knowledge flows between the farmer level and the regional/district level are 
often interrupted (Interview #2). This leads to a situation where two separated spheres of 
knowledge appear. Figure 2 is an attempt to illustrate this; it displays the shared perception 
on knowledge sharing mechanisms by farmers and experts with regard to food security 
innovation processes. They report that knowledge exchange happens horizontally. 
Furthermore, interaction between farmers and official actors is often not participatory, resulting 
in the fact that local knowledge systems and traditional solution pathways are still disregarded; 
this was particularly stressed during the interviews (#1, #2 and #4). 
 

 
 

Figure 2. Spheres of knowledge (authors’ figure) 2 

When asked about the way knowledge was shared among fellow farmers and what the 
information routines were, the farmers from the groups stated consistently that they had never 
used written information to find out about innovations or new practices and that the extension 
service often had no resources to ‘translate’ the material for the local context and adapt it to 
the problems the farmers were facing.  
 
                                                           
2  VEO - village extension officer, ARI - Agricultural research Institute, FG - Farmer Group, F - Farmer.  
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From a more conceptual angle, empirical results show that on a local level implicit knowledge 
(know-how) is accessible for farmers. This generally originates from fellow farmers, friends or 
family and is not available in written form (FG, 1,2,3; Interviews #2 and #8). Implicit knowledge 
is indispensable for learning processes but it needs input from outside. In contrast, results 
show that knowledge rotates horizontally rather than interacting with other levels. The farmers 
mentioned that they lacked information on marketing possibilities or on keeping different kinds 
of livestock (FG 1, 3). On a district and national level, research institutions, universities and 
other actors only produce explicit knowledge. It is labeled “Know-Why” and may be generated 
by researching. 
 
The consequences such routines have for food security innovation processes on the ground 
can be discussed. During the FG interviews, farmers were asked for knowledge gaps in the 
innovation they were testing. It seems that gaps often relate to what Rogers called “know-to 
knowledge” (Rogers, 2003 p.173) and the learning process: both types of knowledge are 
necessary for integrating new insights into local knowledge bases and thus to initiate learning 
processes. Learning creates knowledge necessary for the successful implementation of an 
innovation: a central reason for discontinuing the adoption of processes or rejection is that 
users did not learn about the specific requirements that come with an innovation. An example 
of this is shown in the following section. 

Processes, attributes and conditions.   
The main result from this research is that innovation processes are strongly influenced by the 
other system elements (e.g. by lack of knowledge sharing as mentioned above) and this also 
happens in reverse; the innovation's characteristics give hints on how the system could be 
improved. In general, the interviews revealed that there was only a very imprecise 
understanding of how decision processes influence the adoption of food security innovation 
on the ground (Interviews #1,2 and 4) (see Methods). There was  information on necessary 
characteristics for innovations to be successful in the first field phase: innovative approaches 
that promise to solve clearly visible and observable changes in the landscape (soil 
degradation, erosion processes), that have a direct impact on yields etc. are more likely to be 
taken up than solutions for problems that are not observable. If the farmers feel a perceived 
need, like e.g. higher yields, improved seeds etc., innovations are more likely to be adopted. 
Innovations also need to be simple or even able to be divided up. If they can stand for 
themselves and do not require other inputs and so forth, it is easier to understand and use 
them. They also need to show results after a short period of time. An example is given here to 
illustrate how and why farmers take decisions for rejection or adoption. This example thus 
sheds light on a specific part of the innovation process: neither the invention of a machine, nor 
the construction of an improved stove, but the adoption process on the users’ side.  

The case of improved cooking stoves (ICS): in rural Tanzania this innovation was introduced 
to a group of farmers (mainly woman). The group was informed about the goals of the project 
and received training from a local NGO on ICS. In the next phase, the group members were 
given the task of collecting the materials that were needed to build the stove and which were 
available locally (e.g. clay soil).  Having collected the materials, the group member who was 
chosen to build the stove, built it for every group member. For the cooking holes, the woman 
in the family was asked to bring her biggest pot to make sure it fitted inside the new stove. 
Several months after implementation, we asked the group members about their motivation to 
join the stove group and not one of the other groups. They could not exactly say why, but 
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mentioned that they enjoying being on the project. When interviewed about their experiences 
with the ICS, they reported back positively. But they also mentioned that ignition in the morning 
sometimes took longer than with the traditional three-stone-stove as firewood collected could 
be wet and would not burn properly. However, they reported that they used the ICS on a 
regular basis instead of the stove they had been using before. On visiting some of the families 
(including the family that hosted us) in the village we lived in, we realised that in many cases 
they did not use the new stove, but had reverted back to the old stove they had before.  
In the same village, we observed that some villagers not included in the project had started to 
adopt the idea of ICS and build some on their own. When these people were interviewed and 
questioned about their motivation, they told us that they had long wished for ICS in their 
households:  it reduces eye diseases, is faster, makes it possible to cook two things at the 
same time, and it is less dangerous because children often get burned when playing too close 
to the fireplace.  In contrast to the original group members, they had already started to improve 
the stove and added additional functions to it e.g. by widening the hole for the firewood. 
Surprisingly, they reported no problems. They told us that the fire lit easily after having used 
the stove several times because it had dried out. They also stored and dried the firewood. 
They knew each other and sometimes met to discuss problems and solutions almost as a 
group. For the future they mentioned that they wanted to acquire more knowledge on the 
building process of the stove, so that everybody could build them and so that they could create 
a small stove business to increase household income.  

This is not a unique story; the question is why the process in the two groups described ran so 
differently even though the existing conditions were the same: people from the same village, 
with similar educational background and eating habits? The innovation attributes were the 
same for both ‘groups’ too: the relative advantage was the same for both sides. Both used 
traditional three stone stoves in the beginning of the adoption phase. Both had the same 
opportunities to compare the suggested innovation of an ICS to the previous practice used 
and see if they felt the need to change their situation. The same applied to the complexity of 
the innovation, which required an understanding of how that innovation can be used in an 
everyday setting. Flexibility also plays a role here: it is possible for the user to improve and 
adjust the innovation to their specific needs and so forth. Nevertheless, the adoption of the 
innovation took a different course in both examples. It should also be stressed that similar 
observations could be made for the other cases (e.g. kitchen gardens, use of machines or 
crop production). Results based on all methods used so far have therefore led to the 
assumption that additional determinants, not directly related to the characteristics of the 
innovation itself and its technical or social compatibility, influence the decision to either reject 
or adopt.  

 
In this regard, it can be discussed that the twelve selected innovation examples could give 
plausible indications for other influential factors which could either be related to the external 
situation individuals face (which they cannot change) or to personal aspects. We could call 
this situational internal and external conditions. We argue that understanding these conditions 
is important to initiate successful dissemination processes. Situational conditions derived from 
these case studies are not generally applicable to other cases or situations. Empirical results 
so far indicate that conditions are different for different types of innovation (e. g. technically 
based innovations, social innovations or knowledge innovations and so forth). Initial conditions 
developed can be introduced by re-employing the above mentioned example of the ICS; which 
can be characterised as a knowledge based innovation, as the ability to build the stove as well 
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as the ability to readjust it individually present the main challenge. The state of knowledge 
about the innovation on the users` side determines the dissemination rate of the innovation.  

Situational internal conditions:  
The most important condition for successful dissemination and implementation of ICS is 
availability of a knowledge sharing system. Encouraging schemes to govern the dissemination 
process and give incentives for farmers to share their knowledge with others is a major issue, 
as interviews with FG as well as with experts have revealed that farmers tend to keep their 
knowledge about innovations to themselves if they are not encouraged to share. In the case 
of ICS, we see two possibilities: (i) to appoint the task of knowledge sharing to the ICS farmer 
group and create a community based knowledge sharing system. Dissemination and 
knowledge sharing often takes place through group members’ social networks along levels of 
trust with family or friends. This might exclude people who do not belong to the network, but 
follow traditional pathways; or (ii) to create a system that is based on a small individual 
business. This is not yet very common in rural Tanzania and would exclude people who cannot 
pay for the service.  

Furthermore, a proper understanding of the specifics of the innovation itself favours permanent 
adoption and makes discontinuance less likely. Literature and interviews indicated 
consistently that if the handling of the innovation is not fully understood, adopters often change 
their mind and go back to their previous practice (traditional cooking). For ICS, this was the 
case if the users were not knowledgeable about the fact that the stove needed to dry out 
before it can work properly. When they observed that the ignition phase was longer than with 
the traditional three stone stove, they stopped using the stove. Some of them did not know 
that once the stove dried out ignition was much faster and wood consumption decreased by 
two thirds.  

Situational external conditions.  
A condition that will also influence the degree and pace of the dissemination of ICS is the agro-
ecological setting (e.g. the degree of deforestation resulting from collecting firewood, 
availability of firewood or other fuels like charcoal). Poor facilities and highly degraded soils 
favour a more immediate adoption of this innovation. In the case of the semi-arid area of 
Dodoma, the scarcity of wood due to deforestation has raised the awareness of the need to 
reduce firewood consumption, which is addressed by the ICS. Fetching firewood from far away 
does not leave people enough time to do other income generating activities to improve their 
food security situation. In contrast, in the Morogoro case, people tended to use more charcoal 
and did not face such an immediate stress because of firewood unavailability. That had an 
impact on the degree of adoption.  
 
Conclusions  
It could be shown that due to several restrictions and limitations which are rooted in the 
system, several functions of the system could not be fully guaranteed. This refers to coverage 
of public extension services, but also to FG which exclude certain groups of farmers (e.g. very 
poor or remote), as well as to knowledge sharing and learning processes for food security 
innovations. Furthermore using the example on innovation processes it was possible to show 
how the attributes (by Rogers, 2003) refer back to, are linked to, and add to the concept of 
innovation system frameworks (by Malerba, 2002).  Finally, the observation, that farmers in 
the same situation take different adoption decisions has led us to the assumption that we still 
need to get a deeper insight into the individual situations and decision making processes with 
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regard to food security innovations. However, it also reveals that even though selected 
methods were appropriate for observing FS innovations on different system levels, these 
methods are limited and other methods would be needed to get a more comprehensive 
picture. Nevertheless, it is already apparent that the conditions developed so far are able to 
support the implementation and dissemination processes by formulating recommendations for 
the specific innovative solutions tested for adoption here. This will be the next step in this 
research.  
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Abstract: Transdisciplinary investigation of agricultural value chains can encourage 
innovation by bringing people together for knowledge integration and learning. The quality and 
result of the process is however dependent on how the diverse chain actors are identified, 
characterised and involved. Gender-sensitive approaches to innovation processes must go 
beyond mere rhetoric. Rather, inclusive innovation can be fostered when the gendered needs 
of women are considered in order to enable active involvement. This paper attempts to go 
beyond this, and shows how an iterative process containing a gender-sensitive stakeholder 
analysis can lay the foundation for facilitating inclusive innovation processes. This paper 
presents research that is part of a transdisciplinary project to reduce post-harvest losses and 
improve livelihood benefits among primary actors in pineapple value chains in two different 
regions in Uganda. We introduce an iterative process including: (i) actor identification and 
characterisatio;, (ii) establishing selection criteria and participation targets; (iii) identification of 
challenges and constraints for inclusion; and (iv) design and implementation of multi-
stakeholder processes, as well as integrated feedback and reflection on each step. In order 
to obtain the information needed, a multi-methods approach was used, comprising semi-
structured interviews, participatory group activities, and participant observation with actor 
groups along the chain in addition to multi-stakeholder meetings. This paper describes the 
gendered composition of the different actor categories. A variety of constraints and challenges 
for participation were identified particularly for women, e.g. time constraints, lack of resources 
and intra-household power relations. With feedback and reflection, it was possible to develop 
context-specific strategies to circumvent certain challenges. However, in order to achieve the 
desired inclusiveness, balancing the needs of different chain actors requires constant 
vigilance. This paper concludes with lessons learnt while applying this iterative process with 
pineapple chain actors in Uganda.  
 
Keywords: Gender, inclusive innovation, value chain, multi-stakeholder processes, gender-
sensitive stakeholder analysis, design 
 

Introduction 
In transdisiciplinary research scientists collaborate with societal stakeholders, for instance 
through collaborative learning processes (Jahn et al., 2012; Lelea et al., 2014). As highlighted 
by Mayoux (1995), Agarwal (1997; 1998; 2001) and Cornwall (2003), participatory processes 
are not equally beneficial to those involved, and the quality of participation is dependent on 
how stakeholders are identified, selected and included in the process. Therefore, the needs 
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and constraints of diverse stakeholders must be carefully considered to enhance inclusivity of 
participatory processes.  
 
This research is conducted on pineapple value chains in Uganda in the frame of a 
transdisciplinary research project which seeks to reduce losses and add value in East-African 
food chains (RELOAD). We understand food value chains as purposeful human activity 
systems (Kaufmann et al., 2013), and aim to enhance systems understanding in order to foster 
innovation using multi-stakeholder processes.  
 
This paper presents an iterative process on how to increase inclusivity of participatory 
activities that can promote systems learning among primary actors in the pineapple value 
chain. A gender-sensitive stakeholder analysis was conducted to prepare for multi-stakeholder 
meetings. The iterative process involves actor identification and characterisation, identification 
of targeted participants’ challenges and constraints to participation, the process design and 
implementation of multi-stakeholder meetings. With each step feedback and reflection allows 
for needed adjustments. As aspects of the cycle are repeated, action can be taken to increase 
inclusivity of activities alongside consideration of the researchers’ own constraints. We present 
and discuss the lessons learned from facilitating this process in two value chains.  
 
After a brief overview of the literature, the methodology section includes background and the 
study area, along with an explanation of the data collection methods. Results are presented 
on actor identification and characterisation including constraints and challenges. These then 
inform strategies which aim to enhance inclusivity of multi-stakeholder processes. Finally, we 
reflect on lessons learned from application of this iterative process. 

Literature Review 

Learning and innovation processes 
Transdisciplinary research can take the form of participatory processes for learning, whereby 
stakeholders share ideas and perceptions to capitalise on each other’s knowledge and skills 
to co-create new knowledge. The facilitation of actor learning and reflection within a 
transdisciplinary research project “may help actors challenge and redefine the very structures 
that hinder their progressing…” (Loeber et al., 2007 p.97), leading to changes in 
understanding, perceptions and actions, which may allow for improvements of a particular 
problem situation (Kaufmann et al., 2013; Lang et al., 2012). Moreover, social learning can 
occur through dialogue and social interaction, and changes that arise may go beyond the 
learning of individuals but rather extend to wider communities of practice (Röling, 2002; Reed 
et al., 2010; Coudel et al., 2011). In this paper, the term ‘collaborative learning’ is used as the 
umbrella term to understand the process of bringing actors together for learning and 
developing new ways of doing things. 
 
Challenging and redefining structures of behaviour and perception, can be considered as 
‘innovation process’, when these new insights are translated over time into innovation - which 
is the introduction of new things, ideas or ways of doing something. This interactive learning 
process occurs among people, e.g. actors in a value chain who are participants in a 
transdisciplinary research project. The agricultural innovation systems (AIS) approach 
associated with systems theory focuses on analysing complex relationships and innovation 
processes in agricultural systems (Clark, 2002).  
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The diversity of actors, institutions and processes involved in value chains emerge as complex 
systems and have associated challenges. These challenges, typically linked to a variety of 
actors, can be addressed by multi-stakeholder processes where actor groups come together 
and interact in collaborations such as meetings, training sessions, interactive activities and 
field visits (Klerkx et al., 2012; Spielman et al., 2009). Commonly, intermediaries are involved 
as facilitators, e.g. researchers who initiate multi-stakeholder processes (Röling, 2002). 
However, these processes are also context-specific and differ (Leeuwis & Pyburn, 2002), so 
that the real application of methods and steps must be tailored to the given context.  
 
Drawing from learning and innovation literature, the design of the presented research ideally 
enhances actors’ awareness and understanding of the relations between the activities and 
practices which shape the structure of the system they act in, and the resulting impacts and 
practices. The crucial assumption is that this awareness may encourage collaborative action 
and innovation for improved management, enhanced value creation and greater livelihood 
benefits.  

Gender-inclusivity in participatory and innovation processes 
Formalising participatory innovation processes to improve livelihood benefits for actors 
requires awareness about their different levels of access to the process and, in turn, 
necessitates careful process design. Thus, it is important to understand actors’ constraints 
and interests, and reflect on the target group so that innovation processes do not create 
unintended negative side effects such as creating greater inequalities among actors. The 
responsibility of researchers to prevent exclusion in innovation processes is increasingly 
recognised and conceptualised as ‘pro-poor innovation’, ‘grassroots innovation or ‘inclusive 
innovation’ (Cozzens & Sutz, 2014; George et al., 2014).  ‘Inclusive innovation’, has been 
defined as the inclusion of groups who are currently marginalised within some aspect of 
innovation (Foster & Heeks 2013). The actors comprising marginalised groups however, vary 
according to the context and research focus, and also differ depending on the innovation 
process in question (Joseph, 2012). Typically marginalised groups in innovation processes 
are those who face the greatest barriers to inclusion, such as women and those living in 
remote locations. 
 
The exclusion of marginalised actors in participatory processes can occur outright regarding 
‘who does and does not’ attend activities, and can also occur more subtly during the process 
itself (Agrawal, 1998; Cornwall, 2003). Studies have identified various constraints for actors, 
particularly women, to attending participatory processes. These include lack of knowledge, 
resources and skills (e.g. literacy levels) (Egunya & Reed, 2015); limited mobility to attend 
meetings and activities due to lack of transport means, safety, living in remote locations; 
needing permission from others (Mayoux, 1995; Chaudhury et al., 2012); time constraints due 
to high workloads or domestic chores (Mayoux, 1995; Cornwall, 2003; Agrawal, 1998; 
Chaudhury et al., 2012; Swaans et al., 2014; Egunya & Reed, 2015); and additional 
constraints related to roles and relations in society (Mayoux, 1995, Agrawal, 1997; 1998; 
Chaudhury et al., 2012). Furthermore, power imbalances between actors (Cornwall, 2003; 
Agarwal, 2015) and a lack of regard when voicing opinions (Agrawal, 1997; 1998; 2001) can 
restrict participants from fully engaging and benefiting from participatory activities, even when 
they are present.  
 

891



 

The understanding that attendance in participatory activities does not automatically entail 
being fully engaged and benefiting from the process echoes a critique given to programmes 
which only superficially address gender with empty rhetoric. Referring to the instances when 
women would be included in programmes, jobs and meetings simply to fill gender quotas 
without adequate consideration of the context-specific differences between persons and the 
complex relations between women and men which are root causes of inequalities (Cornwall, 
2003), Charlotte Bunch named this phenomenon “Just add women and stir” (Harding, 1995).  
 
Kingiri (2013) draws upon this line of critique and provides direction on how gender can be 
integrated into thinking around innovation processes in agriculture, suggesting a shift from 
gender analysis to gender learning, which is defined as the way that “new experiences and 
local context should inform the process of making agricultural innovations gender sensitive” 
(Kingiri, 2013 p.538). Thus, this paper explores the beginning of a process which might be 
similar to gender learning, and provides an empirical example of how such innovation 
processes may be facilitated to become more gender-sensitive. A gender-sensitive 
stakeholder analysis sets the stage for the initiation of stakeholder processes, through 
identification, characterisation, and targeted selection of actors, as well as identifying 
gendered challenges and constraints for attending and participating during multi-stakeholder 
meetings. Feedback and experiences from setting up these innovation processes allow 
researchers to learn about the gendered system and subsequently inform, reform and reframe 
the methodology for subsequent multi-stakeholder processes to increase inclusivity. 

Methodology 

Background of the study 
This paper is situated within a larger study that investigates post-harvest losses in pineapple 
value chains in Uganda. It aims at improved system understanding through learning and multi-
stakeholder processes with primary chain actors1. Various participatory methods are used, 
focusing on bringing actors together for activities such as mental modelling and sharing 
perspectives. This larger study is on-going and is being carried out with several field stays in 
Uganda. This paper is based on experience gained during the second field stay between July 
and September 2015 and presents the approach and result of the initiation of innovation 
processes, including gender-sensitive stakeholder analysis. 

Study area 
Field research was conducted in Masaka district in the central region, and Ntungamo district 
in southwestern Uganda (Figure1a and 1b). In both areas, pineapples are predominantly 
produced by smallholders, and traded fresh. Study areas differ in some social and 
environmental characteristics (Table 1).  
 

                                                        
1 Primary actors are understood in this paper to be actors whose income and business are dependent on the sale 
of pineapples. In contrast, supporting actors are understood as those who make an income working as wage 
labourers. 
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Table 1. Characteristics of study areas. (Sources:*Field data, **UBOS (2009), 
***Rücker (2005)) 
 
District Ntungamo Masaka 
Dominant ethnicity Banyankole Baganda 
Mean annual 
rainfall** 

Bimodal high rainfall >1200 
mm/year 

Biomodal high rainfall 
>1200mm/ year 

Elevation 1500m 1200m 
Soil type*** Loam, clay loam Loam, sandy loam 
Primary crops 
grown*, ** 

Beans, banana, coffee, 
sweet potato 

Beans, sweet potato, 
banana, cassava, coffee, 
maize 

Distance to main 
markets (Figure 
1b) 

Ntungamo town  (10km), 
Mbarara  (80km), Rukungiri 
(40km),  Kampala  (350km) 

Masaka town (30km), 
Kampala (150km), Nairobi 
(800km) 

Main mode of 
transportation 
used in to 
transport 
pineapples* 

Bicycles and motorcycles 
used from farms to 
Nyaruteme collection 
centre; cars transport to 
markets (Ntungamo, 
Mbarara, Rukunjuri); trucks 
transport to Kampala. 

Pick-up truck used from 
farm to collection centres; 
trucks from collection 
centres to Kampala and 
Nairobi. Motorcycles and 
cars used from farms to 
Masaka town markets. 

 

Data collection and analysis methods 
The fieldwork was carried out by two female researchers2, each accompanied by one female 
field assistant who acted as translator, cultural broker and mediator (Caretta, 2014). The data 
used for this paper was collected in the frame of a gender-sensitive stakeholder analysis. This 
was then used to inform the facilitation of multi-stakeholder processes. A summary of the 
                                                        
2 Authors Bitzan and Tröger 

Masaka 
district 

Ntungamo 
district 

Figure 1a.  Map of Uganda, marking study regions. Figure 1b. Section of Uganda showing the main 
pineapple collection centres and markets for 
pineapples included in the study. 
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activities conducted within this multi-method approach and their gender distribution is depicted 
in Table 2. 
 
Table 2. Summary of sessions and gendered participation in fieldwork activities 
 
Activity Session Ntungamo Masaka 
  N = male N = female N = male N = female 
Semi-structured 
interviews 

 14 8 13 15 

Value chain mapping 1st 4 1 3 3 
 2nd 2 3 - - 
 3rd 1 5 - - 
Daily activity clock 1st 3 1 x - 
 2nd 1 4 - - 
Group discussion 1st 1 4 0 15 
 2nd 3 0 0 4 
Multi-stakeholder 
meeting 

1st 8 5 6 2 

 2nd 6 4 6 3 
 3rd 7 3 - - 

 
Researcher-practitioner socialisation and identification 
Aiming for a broad representation, value chain actors were identified through purposeful 
snowball sampling and observations at locations where transactions within the value chain 
take place. The aim was to gain insights regarding which male and female actors are involved 
in the value chain and what diverse roles and functions they have. As formal organisational 
structures (e.g. groups and cooperatives) were not common in the study area, many individual 
relations between researchers and chain actors needed to be established. Researcher-
practitioner socialisation occurred through informal discussions and engaging in practical 
value chain activities such as selling pineapples with local traders in Ntungamo, or digging 
and planting pineapples with farmers in Masaka. These activities built trust and raised interest 
in our participatory activities.  
 
Semi-structured interviews (SSI) 
In order to gain understanding about value chain functions, activities, challenges and 
constraints, chain actors were interviewed using semi-structured questionnaires (SSI). In light 
of the planned participatory group methods, focus was also given to gender-based constraints, 
challenges and differences. Additionally, respondents were asked about their interest and 
motivation in taking part in group activities, meeting other stakeholders, and collaborative 
learning. Narrative questions during interviews were used to gain an understanding of the 
complexity of the gendered actor landscape, and to identify possible entry points for 
collaborative learning processes. 
 
Participant observation 
Throughout the field stay, the researchers lived in or near the communities and spent time 
engaging with chain actors, their families and their activities, which provided opportunity for 
participant observation further validating responses. Notable observations and daily 
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interactions between actors outside of interviews or group activities were recorded as field 
jottings (Emerson et al., 2011). 
 
Participatory group activities 
Group activities were first organised with chain actors belonging to the same actor group (e.g. 
farmers). This was done either by researchers or by asking chain actors to organise a group 
of people who would be interested in sharing knowledge and learning. Group activities aimed 
to contribute to gender-sensitive stakeholder analysis including actor identification and 
characterisation regarding function, activities, constraints and challenges in the chain. In 
addition, group activities aimed to initiate the sharing of ideas, knowledge and perspectives 
towards systems learning. The methods employed were gendered value chain mapping, daily 
activity clock, and group discussions where dialogue was primarily on the topic of gender 
differences and inequalities. 
 
Multi-stakeholder meetings 
Informed by the interview responses and single group activities, innovation processes were 
initiated by bringing various chain actors together (e.g. farmers, traders and brokers) in the 
form of multi-stakeholder meetings and activities. The goal of the meetings was to develop a 
common understanding of the chain and its challenges and to work towards improving 
communication and collaboration among chain actors. To encourage learning, different 
participatory tools including cognitive mapping, problem/opportunity tree, card collection, 
ranking and role-play were applied. Moreover, team building exercises and games 
encouraged communication and trust-building among participants (e.g. Helium stick and 
building a paper tower). Following multi-stakeholder processes, informal feedback discussions 
were held to help researchers identify points of improvement for continuing the process. 
Methodological adjustments occurred in the field according to the context-specific needs of 
chain actors. 
 
Accounting for the situation, researchers made decisions on targeting specific chain actors to 
attend the multi-stakeholder meetings. These participants were selected according to several 
criteria including their function, characteristics and interest in collaborating with others. 
Targeted participants were more closely considered when planning the logistics of multi-
stakeholder processes regarding time and arrangement of activities so that they would be able 
to attend. The general research and facilitation approach is presented in Figure 2. The diagram 
depicts the iterative steps that can be involved in facilitating inclusive innovation processes.  
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Figure 2. Diagram of steps to facilitate inclusive multi-stakeholder processes. 

Data analysis 
Interviews and group sessions were audio-recorded and subsequently transcribed and 
translated verbatim (Regmi et al., 2010) from the languages Luganda and Ryankole into 
English. When audio recording or transcription was not possible or not desired by participants, 
detailed field notes in the form of jottings were taken (Emerson et al., 2011). Transcripts and 
field notes were analysed through thematic coding, using MAXQDA software for qualitative 
data analysis.  

Results 
Results are presented in this section according to the described steps for facilitating inclusive 
innovation processes in the methodology section (Figure 2). At every step of the process, 
researchers had to remain flexible and adjust their plans for activities and meetings to take 
account of feedback from participants, and reflection from their and their field assistants’ own 
observations. This feedback and reflection and associated adjustments to the process are 
noted under every step. 

Step 1: actor identification and characterisation 
In each study area, participatory value chain mapping and responses from the semi-structured 
interviews provided insight into the structure of the value chains with regard to chain functions 
and the respective actor categories as well as their linkages and challenges. Figure 3 

1. Actor Identification and 
characterisation

Aim: to find out who is involved and 
how they are functioning in the 

targeted system 
Data: actor groups, functions, and 
connections to each other and the 

pineapple chain, activities, challenges
Methods: stakeholder mapping, value chain 

mapping, participant observation, SSI

2. Establishing of 
selection criteria and 
participation targets
Aim: to find out who 

should be selected for 
the multi-stakeholder 
process and activities
Data: Actors' interest for 

collaboration 
Methods: SSI

3. Identification of challenges and 
constraints for inclusion

Aim: to identify the specific challenges 
and constraints of targeted participants 

regarding inclusion in the innovation 
process and activities

Data: difficulties or needs for actors to 
attend meetings or participate fully during 

them
Methods: SSI, group discussions, 

participant observation

4. Design and 
implementation of 
multi-stakeholder 

processes
Aim: to respond to the 
identified challenges 
and constraints (3) 

with consideration of 
facilitators' constraints
Methods: flexibility and 

toolbox approach

Feedback and reflection
Aim: to improve the 

inclusiveness of the innovation 
process and activities

Data: inclusiveness of the activities 
carried out in terms of participation 

and engagement
Methods: observation and feedback 

during activities, feedback 
discussions
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(Ntungamo) and Figure 4 (Masaka) show the gendered participation in actor categories along 
the value chain.  
 

 
 

Figure 3.  Value chain structure and gendered composition of actor categories in 
Ntungamo. 

 

 
 

Figure 4. Value chain structure and gendered composition of actor categories in 
Masaka. 

Data on gendered participation shows that there were fewer women present in some of the 
actor categories along the pineapple value chains. The majority of women involved act as 
pineapple farmers (Ntungamo and Masaka), local traders (Ntungamo), retail vendors 
(Ntungamo and Masaka) and local processors (Masaka). Some women were identified who 
acted as brokers and large traders (Masaka), while only men were identified in some primary 
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actor categories such as brokers (Ntungamo), bicycle hawkers (Ntungamo and Masaka), and 
collector brokers (Masaka). These findings meant that for inclusive multi-stakeholder 
processes it would be important to try and include women from those actor categories in which 
they were active.  

Step 2: establishing selection criteria and participation targets 
For the selection of chain actors to participate in the meetings and activities the following 
criteria were established. Targeted participants were primary actors from the pineapple value 
chains who (1) expressed an interest in meeting other actors from the chain and in learning, 
(2) engaged in the pineapple business as their primary source of livelihood, (3) have 
experience and knowledge about the business (i.e. were not new to it), and (4) represent a 
diversity in terms of gender, socioeconomic level, activities and location. Further, we also 
aimed to include those who normally have less opportunity to interact and share ideas (e.g. 
coming from remote locations). Through these criteria, we sought to bring willing and engaged 
people together who have relevant knowledge to share with one another and would benefit 
from system learning.  
 
Some chain actors expressed interest in participating in multi-stakeholder meetings because 
they wanted to exchange with actors of their own actor category:  
 

 “I [would] talk with my fellow trader because theft of pineapples is on the rise; there 
are some people who harvest unripe pineapples and then some have deserted the 
business because they are stolen pineapples. […] Another thing, as traders we need 
to have good moral over the farmers; and when there is some disagreement, then it 
becomes hard to manage” (SSI, female trader, Masaka). 
 

Or because they wanted to learn about other chain actors’ business and strategies:  
 

 “I would like to meet a broker, I would like to ask how he manages his job, the benefits 
that he gets and I also share with him how I benefit from the business as a farmer and 
a trader.” (SSI, female farmer trader, Ntungamo) 
 
“I would love to meet brokers from other areas. […] When I meet them I would like to 
hear from their side how they fared during the season and how they are running their 
business. This way I would get their experiences such as boss fraud, non-payment 
and the likes” (SSI, male collector broker, Masaka) 
 

Participants were not limited only to those selected by the researchers. Meetings and activities 
were open and the invitation was extended to multiple individuals from each actor category. 
This allowed chain actors to self-select and choose to attend, as well as to bring friends who 
were interested in coming. Researchers made efforts to select chain actors to participate in 
multi-stakeholder meetings with whom they had built rapport and relationships (through 
researcher-practitioner socialisation), as these chain actors would also be familiar with the 
learning-based approach and collaborative goals of the research.  
 
Finally, despite the efforts made, it was not always possible to include important or suggested 
practitioners in the entire process, and some chain actors chose to opt-out of the process. For 
example, those who generally had critical perceptions of group activities, expressed 

898



 

reluctance to participate. Urban market vendors who were invited to attend multi-stakeholder 
meetings were not interested in investing a significant period of their day to travel to rural areas 
where the meetings were held. 
 
Feedback and reflection 
Reflection on and feedback from the first multi-stakeholder meeting in Ntungamo showed that 
there were significantly more farmers attending than traders, despite the meeting being held 
at the Nyaruteme collection centre where traders work. Furthermore, a village chief and a 
farmers’ group leader who attended the meeting tended to dominate the discussion. Informal 
discussions after the meeting with individuals indicated that some did not feel they were able 
to speak openly during the discussions or disagree with certain points because of the 
hierarchical power relationships between participants. For subsequent meetings, researchers 
made sure to include a balance of actor categories. 
 
Similarly, in Masaka individual feedback with a woman farmer who participated in the first 
multi-stakeholder meeting indicated that she perceived the meeting to have shortcomings in 
terms of the balance of actor groups. She said that she felt inhibited when speaking because 
there were few farmers, and that if there had been 4-5 farmers she would have been more 
willing to talk to the traders in a better way. When the researchers asked if her discomfort 
speaking had anything to do with being a woman, she was clear that this was not the case. 

Step 3. identification of challenges and constraints for participation in multi-
stakeholder processes 
In this section, challenges, constraints and needs of targeted participants regarding their 
inclusion in multi-stakeholder processes are presented. They were identified during the 
interviews but also during group activities.  
 
Time constraint 
The gender-sensitive stakeholder analysis revealed particular time constraints for woman to 
directly participate in multi-stakeholder processes. Women actors have a high burden of 
household chores alongside activities in the pineapple value chain. Their schedules are very 
full: 

“I wake up at 5:30 am then I wash clothes, light the charcoal stove, …then prepare 
breakfast around 6am; meanwhile as the breakfast is on the stove, I wash the utensils 
and clothes. After having breakfast… at around 8am I start work in the pineapple 
garden until 11am… I wash, and then come here [Nyaruteme collection centre]. I can 
say that it takes me about 30 minutes from the garden to home and also about 30 
minutes to wash up; so that I can reach here at 12pm… I stay here selling until 6pm… 
when I leave, I have to do domestic work like washing utensils, clothes, and then 
prepare supper” (daily activity clock, female farmer trader, Ntungamo). 
 

Observations further showed that women respondents, particularly those with young children, 
found it difficult to take time off to give interviews and to join group activities. Often when they 
did agree to give interviews, they would need to multi-task - engaging in child-care, household 
or business work such as selling pineapples (Nyaruteme collection centre; Masaka retail 
vendors) during the interviews. This daily activity clock data showed that women had greater 
time constraints discouraging attendance at multi-stakeholder meetings. They were often 
unable to take time off from productive and reproductive work. When participants were asked 
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directly about their time constraints regarding meetings and group activities, they mentioned 
for example having to return home to cook for children during lunchtime (SSI, female local 
trader, Ntungamo), for the family in the evenings (daily activity clock, female local traders, 
Ntungamo) and having to know about meetings early enough to be able to free some time in 
their schedules and make arrangements to attend meetings (informal discussion, female 
farmer, Masaka). The time constraint facing women was most pronounced for the few women 
who were brokers and large traders (Masaka). These women had to manage household and 
business responsibilities and it was very difficult to schedule interviews with them.  
 
Lack of transportation and communication resources 
Some participants, primarily farmers who lived in remote locations mentioned challenges with 
mobility associated with the costs of hiring transportation, or otherwise having to spend a 
significant time walking to the locations where the meetings took place. Furthermore, 
researchers noted that some chain actors lived in areas with poor or no mobile phone 
reception or did not own mobile phones, creating challenges around communicating with 
researchers to be informed about meetings. For some women this was exacerbated as some 
households only owned one mobile phone, which was commonly in the husband’s possession. 
The challenges of transportation and communication were most significant during periods of 
heavy rain, when researchers observed that some areas and homes were only accessible on 
foot due to bad roads and steep hills.  
 
Intra-household power distribution 
Discussions regarding gendered dimensions shed light on intra-household power relations, 
particularly in male-headed households. Women farmers in Masaka said they needed 
permission from their husbands to engage in group activities. Reasons they cited were: that 
men did not want their wives to be moving around alone; working with new people; getting 
involved in ‘bad things’; or, making more money than them (group discussion, female farmers, 
Masaka). Additionally,  in one instance in Ntungamo the husband of a female trader insisted 
that he attend rather than his wife.  
 
Feedback and reflection 
In Ntungamo, a woman local trader who held an important role at the collection centre was 
never able to attend any of the meetings due to several urgent family matters coming up and 
business to conduct. In Masaka, feedback from the second multi-stakeholder meeting 
indicated that a female broker had not participated but rather sent a trader colleague to 
represent her instead, as she suddenly had business activities to deal with and could not 
attend herself. Similarly, when asking other participants why they had not come despite 
agreeing to earlier, they cited reasons such as illness of children, business activities or urgent 
family matters.  
 
In both places, meetings were often delayed and extended due to participants arriving late, 
unexpected heavy rain (which halted activities held in venues with tin roofs due to the noise), 
or other factors, such as a snake being found in the collection centre, which interrupted and 
delayed the meeting. Researchers realised that unforeseen circumstances were very common 
and created challenges and constraints to attend meetings beyond those identified in the 
interviews. 
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Step 4: design and implementation 
The challenges and constraints to inclusion of chain actors required researchers to design 
and implement multi-stakeholder processes in such a way as to try and circumvent these 
barriers.  
 
Attending meetings 
To address the time constraint of participants, particularly women, meetings were scheduled 
as short blocks of time (e.g. 1.5 – 2 hours) at times convenient for them, usually afternoons 
after they had finished working in the garden and preparing lunch for children. Meetings 
needed to conclude before dark to allow participants a safe return home and to allow women 
to have time to prepare supper for their families. Meetings were also planned to be open, 
allowing participants to join and leave at any time, as well as bring their children. Meetings in 
Ntungamo were scheduled at Nyaruteme collection centre to be close to the local traders’ 
work place. In Masaka meetings were held in a local school in Mininya, a relatively central 
village close to many women pineapple farmers that had been identified. 
 
To reduce transportation constraints for remote chain actors, transport costs were reimbursed 
by researchers, or motorcycle-taxis were hired to directly pick up participants and bring them 
to meetings. When prospective participants were identified who could not be reached by 
mobile phone, researchers would visit them directly or find ways to pass information to them 
through contact persons (e.g. neighbours, friends or group leaders) to inform them about 
activities. In addition, participants were encouraged to bring friends who would have similar 
interests in the process.  
 
Intra-household power relationships were more difficult to address, and required careful 
consideration of what to do (depending on the specific context) to avoid causing conflict or 
tension within households. Discussing the research and multi-stakeholder meetings with both 
parties in a household was important in some cases where women may not have been allowed 
to attend without their husbands’ permission. In these instances, the researchers invited both 
because they felt that otherwise the women would not have attended. In other cases, 
researchers stated directly that they would like the participation of a certain individual.  
 
Sharing information outside of meetings to increase inclusivity 
To increase inclusivity, researchers sought to disseminate information outside of meetings. In 
Ntungamo for example, researchers talked to traders who did not attend meetings individually 
and in small groups. These discussions aimed to share topics discussed at multi-stakeholder 
meetings and seek additional opinions on the content in less formal settings. For example, 
such conversations were used to check that the joint problem identified at the multi-
stakeholder meeting was also considered of high importance to traders who did not attend. 
Furthermore, chain actors were encouraged to send a representative to meetings if they could 
not attend themselves. At the last multi-stakeholder meeting held in Ntungamo, researchers 
facilitated the participants to nominate two contact persons - one to represent farmers and the 
other traders - to continue communication when the researchers returned to Germany. 
Together the researchers and the group agreed to nominate one woman and one man. 
Furthermore, feedback seminars conducted at the end of the field stay in both Ntungamo and 
Masaka aimed to disseminate the knowledge and discussions across the whole community. 
In Ntungamo participants and the local community were invited to Nyaruteme collection centre 
to view all the output from multi-stakeholder meetings and group activities and ask questions. 
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In Masaka researchers travelled to each village they had worked in and briefly displayed the 
visualisations from group work to share with the community, answer questions and get 
feedback. 
 
Inclusivity during meetings 
Attempts were made to facilitate meetings in which all participating chain actors could have 
an equal opportunity to have their voice heard and their opinions considered.  
 
In Ntungamo the first multi-stakeholder meeting was set up as a discussion round, where a 
representative from each actor category shared cognitive maps made during group activities 
and participants identified and discussed connecting factors which spanned several actor 
categories. This set-up aimed to share the knowledge gained during group activities with 
single actor categories, and to stimulate discussion on how actors’ activities influence one 
another and their value chain. 
 
In Masaka, during the first multi-stakeholder meeting, participants separated into two working 
groups, with each group consisting of farmers, brokers and traders, and then came together 
after one hour to share and discuss. One group used cognitive mapping to identify challenges 
which affected all chain actor categories. The other group used a problem tree to delineate 
the topic of trustworthiness, which was one of the topics mentioned often by both women and 
men as something they would like to speak about. 

Feedback and reflection 
Observations during multi-stakeholder meetings and feedback from participants after 
meetings suggest that subsequent meetings were more inclusive than the first meetings in 
both Ntungamo and Masaka. In the first multi-stakeholder meeting in Ntungamo dialogue and 
exchange was dominated by men and also heavily led by two more powerful actors. Also, 
beginning the meeting by having participants share cognitive maps may have already put 
those participants who had not been involved in the mental modelling activities into the role of 
listeners rather than equal participants able to contribute to the discussion. In subsequent 
meetings, icebreaker games were used to enhance team building. Activities were structured 
so that participants could each present and discuss their contributions, either writing them on 
a card or contributing verbally when it was their turn, which helped to encourage more 
participants to share their ideas. Observations during the meetings showed that this led to 
more dialogue and exchange, as ideas and opinions were obtained from each participant and 
discussed, rather than participants simply responding to the statements made by a few.  
 
In Masaka a multi-stakeholder meeting contained a role-play in which participants acted out 
different chain functions to those they normally engaged in. During the role-play they 
demonstrated how the pineapple moves from farm to the market. A subsequent discussion 
about the role-play and connecting factors was set-up in a structured way, whereby each 
participant was given a turn to stand in front of the group and lead discussion about the 
influence of a particular factor (e.g. quality of pineapples) on other actors - farmers, brokers 
and traders - in either positive or negative ways. Positive feedback from chain actors about 
the meetings, as well as observations during the activities, showed that all participants were 
having fun, were engaged and actively sharing opinions. This performative method enabled 
more inclusive communication than methods focused on verbal interactions.  
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Lessons learned 
Critical reflection based on feedback and observations during activities and meetings suggest 
that the strategies applied to increase inclusivity according to gendered needs were not 
consistently effective. However, attendance and quality of participation during meetings 
seemed to improve consecutively. This underlines the importance of an iterative repetition of 
the described steps when striving for inclusive innovation processes. 
 
Lessons learned: 

 It is particularly challenging to sufficiently account for and balance the different time 
constraints of targeted participants. Particularly, more consideration needs to be given 
to accommodate the time constraints of women. Moreover it is necessary to remain 
flexible and to identify alternative ways of planning and structuring meetings, for 
instance by including activities that account for late arrivals by participants, unforeseen 
circumstances and interruptions. 

 Trying to bring multiple stakeholders together without considering power relationships 
reduced knowledge sharing and made it more difficult to facilitate and direct activities. 
As the level of confidence to interact and speak out at meetings varied, and also 
depended on the level of familiarity with participatory methods and mutual trust among 
those gathered, it might be worth considering the involvement of more powerful 
stakeholders at a later stage. This gives all participants a chance to get to know the 
process first, gain confidence and finally voice their opinions. 

 Interactive activities such as icebreaker games or role-play that involve movement 
created an atmosphere conducive to team building and establishing trust. They were 
important in improving communication and creating a fun atmosphere, thereby 
encouraging participants to continue attending meetings. 

 Suggesting that chain actors bring friends or colleagues who have similar motivation 
to learn and with whom they feel comfortable seemed to encourage more active 
participation in meetings. 

 Having time and opportunity for ample socialisation between researchers and 
practitioners before initiating innovation and multi-stakeholder processes is important, 
especially to encourage women to join. Socialisation must also continue in between 
meetings, where researchers check in with participants through phone calls and visits 
to maintain a friendly, trustful relationship. In this regard the cultural and political 
context of the study site as well as previous experiences that the targeted practitioners 
had with former projects needed to be taken into consideration. 

 As the agreement and support of husbands played an important role for some of the 
women’s attendance, it is equally important to find out about their specific influence 
and what can be done to improve their attitude towards the research in order to ease 
participation for women. 

 
This study has faced many challenges in making participatory processes inclusive. We found 
that understanding the situation, including constraints and challenges of individuals within 
actor groups, is necessary to inform the design of participatory processes. Moreover, this 
study goes beyond mere discussion around the need for inclusiveness by documenting its 
application. We conclude that an iterative process is necessary because analysis of 
participants’ constraints only at the beginning of a process is not sufficient. Ideally, steps are 
repeated to take into consideration feedback and reflection in order to make the whole process 
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more inclusive. Finally, the experiences and lessons learned can further inform participatory 
processes by seeking inclusivity beyond simply “add women and stir”.  
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Workshop 1.10: Practical experiences and methodological concepts from the 
first years of EIP-Agri implementation 
Convenors: Susanne von Münchhausen and Anna Maria Häring  
 

The European Innovation Partnership (EIP) for ‘Agricultural Productivity and Sustainability’ 
was highlighted as “being indispensable to preparing European agriculture for the future” (EC 
Brussels, 29.2.2012 COM (2012) 79 final). EIP-Agri aims to enhance the implementation of 
technical, organisational and social innovations faster and more efficiently than in the past. 
This is important because the agricultural/food and forestry industries and their rural areas 
often face significant economic, environmental and social challenges. EIP-Agri is a complex 
policy concept that aims to connect local, regional and European innovation activities (vertical 
interconnections) and to bridge the innovation divide between sciences and practice (e.g. 
multi-actor involvement in research, EIP-focus groups). Horizontal integration is supposed to 
connect relevant actors, especially research institutes, farmers and regionally based 
organisations by forming the so called Operational Groups on a sub-national level. The 
implementation of the EIP-Agri concept will be jointly funded from European and national 
sources. The workshop called for papers presenting theoretical and practical approaches 
which have been developed and applied since the start of EIP-Agri in 2012/2013. Authors 
were invited to highlight lessons learned so far in respect to the following issues:  

 Implementation of EIP-Agri through the programming processes of national and 
regional policy and administration for e.g. Rural Development Programmes or national 
agricultural/forestry and rural development schemes e.g. new funding formats 
enhancing innovation-driven research or more efficient methods for innovation; 

 Role of specific policy/legal requirements in respect to bridging the gap between 
research and practice and to fostering innovation processes;  

 Improvement of overall sustainability and innovative capacity of the livestock sector, 
arable crops and other agricultural systems; 

 Collecting of innovative knowledge on specific themes effectively and efficiently; 
 Practical approaches for the deployment of the vast reservoir of existing scientific and 

practical knowledge; 
 Improvement of the flow of information and knowledge between academia and 

practitioners in particular on agricultural and forestry practices and innovations; 
 Increasing the exchanges between European regions on innovative matters; 
 Implementation of more efficient methods for innovation by e.g. private/public farm 

advice services, information technology, print or audio-visual media; 
 Improved accessibility and long-term availability of end-user material 

 
Furthermore, we wanted to learn more about approaches aiming to evaluate EIP-Agri. Hence, 
we aimed to enhance the discussion between experts addressing these topics:  

 Identification of appropriate indicators and assessment concepts for innovation 
processes;  

 Impact evaluation of projects enhancing the profitability and sustainability of animal 
agriculture, plant production, fisheries/aquaculture and forestry; 

 Assessment of risk management practices and/or farmers’ flexibility to adjust under 
changing framework conditions (resilience) 
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Administrative intimidation and payment reduction frustrate innovative farmers 
under the European Agricultural Fund for Rural Development  
 
Commandeur, M.A.M 
 

Nedworc Foundation/Viagroen, Netherlands 
 

Abstract: This article discusses how to put in perspective what is perceived by some project 
grant applicants of operational group projects operating within the late Rural Development 
Programme 2 (RDP-2) - project grant funding in 2013-2015 - as administrative intimidation 
and discouragement by the Dutch national payment agency. We may learn from the 
conclusions in view of the operational groups under the upcoming EIP-Agri support aid and 
other RGP-3 grants. A guideline to this article is a phrase at the website 
ec.europa.eu/agriculture/cap-funding/index: “The European taxpayer rightly expects that 
these sums [- of the EU general budget for Agriculture and Rural development -] are correctly 
spent.” In this article we discuss whether the EU taxpayer (and any other EU resident for that 
matter) should be satisfied with how the payment agency has applied the project grant 
payment reduction. As an example we take the results of the affirmation procedure of the grant 
for Knowledge exchange network projects in the Peat Colonies area, under the late RDP-2 
(2013-2015), in which 62 projects were granted a maximum of €55.000. In view of what EU 
taxpayers rightly may expect of the agency, the procedure for the aid applications of EU funds 
seems to deviate from the purpose of the regulation. The image of a stimulating (though 
immature) regulation with a purpose-focused procedure, which resulted in remarkably 
effective and efficient knowledge exchange developments in the years 2007-2010, is gone. In 
its place is an unreliable time and resources absorbing regulation, with such administrative 
burden that potential project leaders are reluctant to encourage farmers to apply – even if they 
do not fear important payment reduction, like the former government organisations (FGOs): 
research institutes and extension agencies. The applied payment reductions led (of course) 
to additional societal unease. Moreover the project successes in terms of knowledge 
exchange towards innovation are not celebrated any more as they were in the early years of 
the RDP-2, because the focus has deviated towards the disadvantages and negative side 
effects. Aside from this the article reveals a reverse correlation between the projects that were 
allowed communication before the final decision about the payment and the applied payment 
reduction. FGOs seem to suffer disproportionately less from the newly implemented 
communication policy of the payment agency. The FGOs are nonetheless just as critical as 
other project leaders about how the payment agency handled the procedure. A reintroduction 
of the insights of the policy implementation notes of 2007 about communication could reinstall 
a satisfactory system from the perspective of the EU taxpayer, particularly if complemented 
with a sound and longer-term coordination within the payment agency. It is recommended to 
reinstall such a concept as a control system for the RDP-3 grant procedures. This aside, the 
procedure for administrative control should be improved substantially and lined up with the EU 
precedent judgements.  
 
Keywords: Agriculture, aquaculture, framework conditions, adaptation strategies, 
sustainability, performance indicators, farm management 
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Introduction 
News items about incorrect uses of EU subsidies appear regularly on formal and social media. 
These abuses seem to proliferate despite numerous preventative measures. On the other 
hand the EU [and by extension national authorities] shows itself to be an increasingly 
unreliable partner towards grant applicants, who honestly strive to achieve the objectives of 
their projects and budget their affairs as effectively and efficiently as possible. This 
phenomenon has emerged with funding programmes for stimulating innovation in agriculture. 
In this article we focus in particular on an example about knowledge sharing activities and 
cooperation in operational groups. 
  
In any procedure for granting projects, there are two key decision moments: the granting 
before the start and affirmation after the execution. The quality of the decision before the start 
depends largely on the competence of the consulted assessors to link the submitted project 
plans to their knowledge of the state of the skills in practice. This competence is determined 
by a combination of the individual qualities of the assessment team and the specific 
circumstances that frame the assessment procedure. The quality of the affirmation decision 
after ending the project depends on the competences of the agencies, the quality and 
coordination of the procedures, the distribution of responsibilities and the access to adequate 
juridical support.  

The aim of this article 
This article explores the recent incidents with unexpected negative affirmation decisions in 
one of the regulations under the European Agricultural Fund for Rural Development (EAFRD), 
and their effect on the reputation of the reliability of the government in the Netherlands. Since 
the national payment agencies have the habit of referring to the EU Regulations, Directives 
and Controls as the source of the unexpected negative decisions, a radiant network of people 
around the applicants, both outside and inside the government, have started to mistrust the 
EU grant sources for rural development. 
 
The article discusses how to put in perspective what is perceived by some project grant 
applicants of operational group projects operating within the late Rural Development 
Programme 2 (RDP-2) project grant funding in 2013-2015, as administrative intimidation and 
discouragement by the Dutch national payment agency. We may learn from the conclusions 
in view of the operational groups under the upcoming EIP-Agri support aid and other RGP-3 
grants. 
 
A guideline to this article is a phrase at the website ec.europa.eu/agriculture/cap-
funding/index: 
“The European taxpayer rightly expects that these sums [- of the EU general budget for 
Agriculture and Rural development -] are correctly spent.” In this article we discuss whether 
the EU taxpayer (and any other EU resident for that matter) should be satisfied with how the 
payment agency has applied the project grant payment reduction. As an example we take the 
results of the affirmation procedure of the grant for Knowledge exchange network projects in 
the Peat Colonies area, under the late RDP-2 (2013-2015), in which 62 projects were granted 
a maximum €55.000. 
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Grants and affirmations to farmers’ Knowledge network groups in 2007-2013 

A grant supported tender regulation for farmers’ Knowledge network groups 
Under the Rural Development Programme RDP-2 (2007-2013) the Dutch government had 
decided that farmers’ Knowledge network groups could be supported as collectives of 
businesses that engage in knowledge development activities outside institutes, and should 
therefore be framed in the knowledge dissemination chapter of the 7th Framework (EC Council 
Regulations N° 1857/ 2006; N° 1698/2005; and N° 1257/1999). The network group activities 
were perceived within this frame as a kind of public-private cooperation in knowledge 
dissemination for innovation, in which farmers pursue innovative knowledge development 
through knowledge exchange with scientists, and knowledge sharing among each other, and 
with experts and others.  
 
The projects were funded with the aim of striving to find new ways of diminishing or solving 
problems which reduce the productivity or sustainability in agriculture. The project initiatives 
should come from and be developed by the farmers. This concept is similar to that for 
operational groups in EIP-Agri in RDP-3. Our network groups appear in fact as pioneers for 
the current EIP-Agri operational groups. Consistent with the conceptual formula, our network 
groups worked out and executed their project plans at the hand of progressive insights during 
the course of the project period, guided by an independent process leader. During the project 
period unlimited adaptations to the project plan were in principle allowed within the project 
budget, as long as the central project aim was still pursued.  
 
The Knowledge exchange network projects’ regulation was an innovative instrument under 
RDP-2.  However, there was no clear internal guidance within the government about how 
agency workers should deal with the implications of this type of project. The payment agency 
needed space for adjusting the procedure while executing the administrative control, to make 
sure that the procedure would encourage and support innovation in agriculture and to make 
the administrative burden manageable. According to the policy implementation notes under 
RDP-2 in 2007 (made by the former agency [DR] before the national agency reorganisation in 
2014), any payment reductions should only be applied after formal and informal 
communication with the applicant. Since a large part of the regulation rules were so called 
conditions, the primary purpose of the communication was to allow the applicants to correct 
mistakes and adjust the application for any conditions that were misinterpreted or overlooked. 
Thus the administrative burden was also kept manageable for both the applicants and the 
agency; all of course within the limits of integrity and fairness. The procedure aimed at limiting 
any enforced payment reductions to applicants of projects that evidently strive after the project 
objectives. In the information to grant applicants this policy outline about communication was 
continued during the RDP-2 period (2007-2013). In this way the general focus would stay on 
the content of the projects and not on the administration – a common problem with many EU-
related grants. 

Shifting trends in the behaviour of the agency 
In the early years (2007-2010), the emphasis of the administrative critics was focussed on the 
budget of the initial project plan. Specific expenses were refused in advance if they did not fit 
well enough with the conditions. Due to the ongoing plan adaptations during the execution this 
meant that there was less money to spend during the project execution than the desired 
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budget. However, the advantage for the project participants was that, after the expenses were 
made, the affirmation of the grant payment was merely a formality. 
 
Gradually, and (probably) directed by penalties through the biyearly EU account controls, the 
administrative control shifted the emphasis in the later years (2013-2015) towards payment 
refusal, reduction and reclaim of the expenses made, after the projects were finished. Payment 
refusals or reductions were initially limited to a few hundred euros, and/or faded (almost) 
completely away after final communication with the agency about the legitimacy of some 
specific expenditures. Recently however the number of projects facing payment reduction, the 
amount of the reduction, and the reduction percentage of the requested payment has 
increased.  
 
Whether these payment reductions and refusals were rightfully imposed, is an as yet unsolved 
legal issue going through objection and appeals procedures, which may take until the end of 
2016 (or later) to conclude. In the meantime the general atmosphere among (potential) 
applicants has shifted towards mistrust in both directions: agency workers spread the 
message that project applicants are increasingly defying the boundaries of the regulations, 
whereas some farmers’ organisations and extension services (and even some agency 
workers) are now warning openly against applying for any EAFRD grant funds in future. A 
group of representatives of various agricultural organisations has even officially raised the 
unprecedented question of whether it is possible to obtain a government guarantee or a private 
insurance against (in their perception) the unpredictable and unreliable behaviour of the 
government agency. 

In view of RDP-3 (2014-2020) 
Overlapping the end of the RDP-2 period (since 2013) a Model Regulation for the 
implementation of RDP-3 has been under development in the Netherlands, based on an ex-
ante evaluation. Already both the RDP-3 policy text and the Model Regulation have given rise 
to extensive disputes. Subsequently, decisions about opening grant funding opportunities for 
new projects have been delayed over and over and are for the major part not yet foreseen 
until after the summer of 2016. The first grant opportunity for EIP-Agri proposals of operational 
groups is also postponed, at least until then.  
 
The main reasons for reticence in relation to the Model Regulation RDP-3 are:  

a. that parties do not (dare to) make use of these grant regulations because they (fear 
that they) cannot take the risks (notably about payment reduction) that the application 
for funding entails; and/or  

b. that parties expect that a grant application in the context of this regulation will lead to 
all sorts of complex administrative procedures during the execution – and could be 
followed by legal procedures afterwards.  

 
Ad a): some organisations have explained publicly that the reason that they do not (dare to) 
make use of these subsidy regulations does not only have to do with the unpredictability of 
the subsidy payments, but also with the other financial conditions. The subsidy percentages 
as such are already hard to meet. On closer inspection, there are a good number of 
inextricable cost items excluded from the grant. On top of that, the method of calculating ‘staff 
costs’ of organisations is tight for granting in the Model Regulation RDP-3. For some relevant 
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parties in this field it has thus become (nearly) too complicated to construct a suitable project 
budget with the available sources.  
 
Ad b): from 2013 until now, the introduction of RDP-3 has already resulted in the employment 
(whether or not directly paid) of policy and agency workers, accountants, administrative 
managers and consultants, and lawyers; even before any tender grant has opened up. 
Afterwards, private subsidy advisors will also claim their share of the funds. These types of 
surrounding employment had already increased in the context of the final years of RDP-2, for 
which the administrative burden had been systematically under calculated by the government. 
The balance with expenditure linked to achieving the actual aim of the grants, however, seems 
to get lopsided for RDP-3. This gets topped up with the expected increase of administrative 
and legal procedures related to the multitude and imbalance of EU and national rules during 
the project executions under the Model Regulation. 

International perspective 
What is happening in the recent years in the Netherlands concerning incidences of refusal, 
reduction and reclaim of granted funds for projects by the national payment agencies, as well 
as concerning the increase in administrative burden in the context of EU regulations, is not 
unique in the EU, although there is substantial variability between Member States because of 
their specific programmes, agency structures, regulations and judicial systems. 

The context of EU funding 

The concept of proper use of EU tax money 
According to the communication on EU websites, EU taxpayers have the right to expect that 
EU funded aid applications are properly managed. In the communication the EU states that it 
is important that management and checking systems are in place and that irregular payments 
are detected and recovered. Under the basic rules for the financial management of the 
Common Agricultural Policy (CAP), the European Commission is responsible for the 
management of the EAFRD. Based on the principle of shared management, the making of 
payments to beneficiaries is delegated to the Member States, who themselves work 
through national or regional payment agencies. Prior to making payments, these agencies 
must, either themselves or through delegated bodies, satisfy themselves of the eligibility of 
the aid applications. The exact checks to be carried out are outlined in the sectoral regulations 
of the CAP and vary from one sector to another. The expenditure made by the payment 
agencies is afterwards reimbursed by the EU Commission to the Member States; in the case 
of EAFRD on a quarterly basis. The reimbursements are, however, subject to subsequent 
corrections which the EU Commission may make under the clearance of accounts procedures 
(Cap-funding, 2013). 

Conclusion 
The EU communication states that the costs for any aid application can basically be divided 
into the costs for management, checking and correction, and the actual payment for the policy 
purpose. So at the level of ‘properly done’, the EU taxpayer may first of all expect that 
management costs and purpose directed payments are in balance. Secondly, the EU taxpayer 
may also expect that irregular payments are detected and recovered. 
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EU frame for regularity in aid application of EIP-Agri 
The European Innovation Partnership for Agricultural Productivity and Sustainability (EIP-Agri) 
provides grant support to projects under EAFRD (so called CAP ‘second pillar’; Regulation 
1305/2013; 2014-2020 (3)), which show innovation in linking research knowledge with farming 
and forestry practices. The EU's rural development policy is worth €100 billion from 2014-2020, 
with each EU country receiving a financial allocation for the 7-year period. This will leverage 
a further €61 billion of public funding in the Member States, as well as a variable addition of 
private co-financing, and an unknown addition of unaccounted administration burden for 
applicants and advisors. There are 118 RDPs in the 28 Member States for 2014-2020. EIP-
Agri serves under the national RDP and supports operational groups with funding to projects 
that aim at finding new ways of diminishing or solving problems which reduce productivity or 
sustainability. The project initiatives should come from, and be developed by, farmers or 
foresters. 

Basically any EU grant payment should comply with the EU competition law, which nowadays 
is derived mostly from the Treaty on the Functioning of the European Union (TFEU or Lisbon 
treaty, 2007), Articles 101-109, as well as from additional EU Regulations and Directives. Next, 
an EU grant payment should also comply with national regulations and directives of the 
specific Member State. The combination of the EU Regulation and Directives and those of a 
specific Member State do not always add up to a consistent legal frame.1 In the end, it all 
comes down to the issue of ‘irregular or ineligible payment’. The EU definition of ‘irregularity’ 
is laid down in the EU Council Regulation (EC, Euratom) No 2988/95, Article 1, cl. 2: 

'Irregularity` shall mean any infringement of a provision of Community law resulting from 
an act or omission by an economic operator, which has, or would have, the effect of 
prejudicing the general budget of the Communities or budgets managed by them, either 
by reducing or losing revenue accruing from own resources collected directly on behalf 
of the Communities, or by an unjustified item of expenditure. 

 
In effect the issue is thus shifted from the term ‘irregularity’ to the term ‘unjustified item of 
expenditure’; i.e. to the (in)eligibility of the expenditure in the context of the legal frame for a 
specific policy purpose. In this perspective there are four available options (Table 1): 

 

 

Table 1. Four options for fitting policy purposes with legal frames 

  Fitting with policy purpose Not fitting with policy purpose 
Fitting with legal frame eligible (in)eligible? 
Not fitting with legal frame (in)eligible? ineligible 

                                                      
1The EU competition law is also increasingly intertwined with intellectual property, such as copyright, trademarks, 
patents, etc. In a contribution of the author to IFSA 2014 in Berlin some confusing implications are discussed of 
the intertwinement of intellectual property of project authors and the funding applications of farmers’ network pro-
jects   (Commandeur, 2014). In the USA it is believed that promotion of innovation through enforcement of intellec-
tual property rights may promote as well as limit competitiveness (U.S. Department of Justice & Federal Trade 
Commission, 2007; Suzanne Scotchmer, 2004). 
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So here the issue is narrowed down further to the question of whether an expenditure is 
justified or not, in case the eligibility of the expenditure is disputed for not fitting (well) with 
either the legal frame or the policy purpose. How big an issue for dispute this may be in 
practice, depends on the gap between the policy purpose and its balance with the legal frame 
of Regulations and Directives. According to the EU communication the issue should be taken 
in the perspective of what the “EU taxpayer rightly may expect” (Cap-funding, 2013). 
 
Somewhat confusing in this perspective is the fact that in EU Council Regulation No 
1122/2009, Articles 80 & 81 the terms in use are ‘undue payments’ and ‘undue entitlements’. 
It leads to confusion over whether the terms ‘ineligible’, ‘unjustified’ and ‘undue’, are all 
supposed to mean exactly the same thing, or not. 

Conclusion 
We understand that the EU taxpayers (and all other EU residents for that matter) have the 
right to expect that the aid applications of EU funds are properly managed from the perspective 
of the policy purpose, like EIP-Agri projects that lead to innovations in linking research 
knowledge with farming and forestry practices. The eligibility of an expenditure fitting only with 
the legal frame of Regulations and Directives should not dominate the decision on whether an 
expenditure is justified under the grant conditions. The decision should be dominated by the 
perspective of the policy purpose. 

Responsibility, legitimacy, fairness and consistency  
The legal texts, relevant for the EAFRD and the implementation of the national rural 
development programmes (RDPs) in 2014-2020 can be found through the EU website: Rural 
Development Legislation Index, 2014-2020. They consist of the “Common Provisions” 
regulation of basic rules, 4 main regulations (N° 1303/2013; N° 1305/2013; N° 1306/2013; 
N°1310/2013; total: 290 pp), and 4 delegated acts and implementing acts (N° 640/2014; N° 
807/2014; N° 808/2014; N° 809/2014; total: 120 pp). Further on the legal texts, which are 
relevant for the national RDPs, are given in national Regulations, Directives, Decisions, 
Clarifications, etc. For most applicants this is too much to comprehend. In many EU Member 
States a precedent is set that the national Regulations, Directives, Decisions, Clarifications, 
etc., should incorporate the relevant EU Regulations. If not, the applicants do not have to be 
aware of them. 
 
The relevant Regulations and Directives of the Member States can be classified into classes 
of rigidity. Below we give a short overview of these classes, the terms of which are sometimes 
hard to translate into the various European languages   

 
a. Requirements: you have to follow this rule, unless you can provide convincing 
evidence that it was beyond your responsibility that you have behaved otherwise; 
b. Conditions: you have to follow this rule, although unforeseen contingencies or evident 
mistakes may provide a fair excuse for having behaved otherwise (and may be corrected 
and adjusted if necessary or beneficiary); 
c. Legal interpretations: you have to follow the given interpretation of this rule, unless 
the interpretation contains an inconsistent restriction to the basic rule as such; 
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d. Formats: handouts, designed as schedules, which you are required to use for 
providing specific information about your project, although it is not required that your 
background evidence is in line with these formats; 
e. Other accounts, guidelines and clarifications: without legal status, meant as helpful 
tools for understanding. 

 

Among EU Member States the legal construction of requirements, conditions, juridical 
interpretations, guidelines, formats, accounts, etc., may differ substantially. In some national 
legal systems there is a lot of effort put into the issue of fairness and confidence (like in the 
Netherlands), whereas in other countries there are extensive schemes of legal interpretations 
and guidelines (southern Europe). In the implementation of the Lisbon treaty this topic is 
merely avoided, by stating that all national laws should be applied in addition to EU 
Regulations and Directives. However, that statement does not provide a solution for 
contradicting conditions and guidelines of the EU and the national governments under the 
EAFRD, nor does it give clear guidance on how the concepts of responsibility, legitimacy, 
fairness, consistency and confidence should be applied to any actual grant applications.  

To complicate things further, terms referring to project ‘purpose’, ‘aim’, ‘objectives’ or ‘goals’, 
or to distinguish ‘frames’, ‘programmes’, and ‘projects’, as well as terms like 
‘applications’, ’adaptations’, ‘actions’ and ‘activities’ are poorly defined and certainly confusing 
in their translations into the various EU languages. Consequently it is hard for anybody, 
agency worker or other, in any country to decide (consistently) whether a certain EU or 
national Regulation Article or Directive Account is appropriately applied to the expenditures in 
a specific project, or not – and whether the combination of all the regulations was well applied 
in the procedures. 
 
In the chain of control mechanisms EU accountancy control is applied biyearly to evaluate the 
work of the national agencies. Here again questions arise about how to decide (consistently) 
whether a certain EU or national Regulation Article or Directive Account is appropriately 
applied to the expenditures in a specific project, or not – and what procedure should have 
been applied. In addition, other questions arise, e.g. how to extend consistency towards the 
accountancy evaluations in other EU countries in which the national judicial systems are based 
on (sometimes entirely) different legal concepts. 

Conclusion 
We understand that all applicants (as well as EU taxpayers) have the right to expect that the 
aid applications of EU funds are managed by well instructed payment agencies – and well 
trained administration workers within these agencies. Within the EU the structure of 
instructions is still incomplete and unbalanced, due to lack of juridical definitions (and 
translations) at EU and national level, to an increasing amount of confusing key terms, lack of 
precedent judgements, contradictions between EU and national regulations and incomparable 
judicial systems in the EU countries. 

Example: subsidy reduction in the context of the Knowledge exchange network 
projects regulation for the Peat Colonies area under the late RDP-2 (2013-2015) 
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In Table 2 the first column ranks the 62 granted projects for the applied payment reduction 
percentage after project affirmation. The other columns reflect the quality assessment of the 
project plans, the involvement of former government organisations (FGOs) in the project 
leadership, the requested payments, the applied payment reduction, the reduction percentage 
and the motivation given by the agency for applying the reduction. 
 
The projects were executed from mid-2013 (starting date varied) until (ultimately) the end of 
June 2015. Publicly it was communicated that the deadline for the requests for affirmation was 
1 July 2015; i.e.1 day instead of the usual 13 weeks after ending the projects. In internal and 
selectively applied external communications of the payment agency the deadline was later 
postponed to 5 August 2015; i.e. 25 [plus 1] days after the deadline for the ending.2 

Affirmation decisions were supposed to take place within 13 weeks after the deadline for 
submission (30 September 2015), and after communication with the applicants about errors 
or adjustments with respect to the conditions. During the procedure the internal instructions 
about communications were adjusted in such way that it only took place with around 60% of 
the applicants (or their project leaders) before the decision. Some of the decisions were 
delayed, even until mid-December 2015. Payments were done ultimately right before the end 
of the year 2015.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
2 Oral communication RVO payment agency (June, 2016) 
3 Oral communication RVO payment agency (June, 2016) 
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Table 2. Example: subsidy reduction in the context of the Knowledge exchange network 
projects regulation for the Peat Colonies area under the late RDP-2 (2013-2015)  
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62a) 

6,4 

 

 €    55.000   €  -55.000  
-
100,00% 

No evidence of participation of the co-
applicant and insufficient proof of 
knowledge exchange m)  

61 
4,8 

 
 €    55.000   €  -49.584  -90,15% 

Wages of the applicant are not 
eligible n) 

60 
4,9 

 
 €    55.000   €  -49.523  -90,04% 

Wages of the applicant are not 
eligible n) 

 
59 

6,1 

 

 €    36.897   €  -28.433  -77,06% 

Costs made between the application 
and the granting are not eligible 
under EU legislation o) 

 
58 

4,9 

 

 €    39.696   €  -19.058  -48,01% 

Costs made between the application 
and the granting are not eligible 
under EU legislation o) 

57 
n.a. 

 
 €      6.920   €    -2.147  -31,03% 

Allowances to trainees are not 
eligible p) 

56 
4,7 

 
 €    55.000   €  -11.045  -20,08% 

Wages of the applicant are not 
eligible n) 

 
55b) 

4,9 

 

 €    55.000   €  -10.732  -19,51% 

Agency interpretation of final report: 
activities were not executed (during 
the project period) m) 

54 
5,2 

 
 €    55.000   €  -10.160  -18,47% 

Wages of the applicant are not 
eligible n) 

53 
4,9 

 
 €    55.000   €    -4.945  -8,99% 

Wages of the applicant are not 
eligible n) 

52 
5,2 

 
 €    43.800   €    -1.314  -3,00% 

Insufficient evidence provided at 
affirmation q) 

51 
5,3 

 
 €    55.000   €    -1.392  -2,53% 

EU publication conditions (logo) not 
respected r) 

50 
4,8 

 
 €    42.609   €       -639  -1,50% 

Compensations to the applicant are 
not eligible m) 

49 
5,4 

 
 €    55.000   €       -569  -1,03% 

EU publication conditions (logo) not 
respected r) 
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48 
4,0 

1 
 €    55.000   €       -257  -0,47% 

Insufficient evidence provided at 
affirmation q) 

47 
4,8 

 
 €    47.583   €       -168  -0,35% 

VAT in business transactions are not 
eligible s) 

46c) 

5,9 
 

 €    55.000   €       -173  -0,31% 
Application included unrelated costs 
s) 

45 
6,3 

1 
 €    51.764   €       -146  -0,28% 

Application included not eligible bank 
costs q)  

44d) 

6,7 
 

 €    55.000   €       -130  -0,24% 
VAT in business transactions are not 
eligible s) 

43 
4,9 

 
 €    54.996   €         -34  -0,06% 

Insufficient evidence provided at 
affirmation q) 

42 
5,5 

1 
 €    54.902   €          -4  -0,01% 

VAT in business transactions are not 
eligible s) 

41-03 5,6 19  €    48.357  €           0   Average of 39 projects 
02 4,9   €             0   €           0   Not applied for affirmation 
01 

6,4 
 

 €    41.214   € +13.726 +33,30% 
Compensation for over-investments 
by others t) 

FGO 
 

22 
 € 1.114.953   €       -407 -0,47% 

Research institutes and Extension 
agencies 

non-FGO 
 

38 
 € 1.810.138   €-245.046 -13,54% 

Other project leaders (exclusive N° 
01 - 02) 

Totals  60  € 2.925.091   €-245.453 -8,39% all (exclusive N° 01 - 02) 
Average 5,5 60  €     48.572  €     -4.091 -9,16% all (exclusive N° 01 - 02) 

 

1) The total number of objection appeals is unknown; the following appeals are confirmed: 
 a) Objection to 

62: 
The explanatory memorandum indicated, that others (including farmers) 
should participate, not necessarily the co-applicant; agency workers 
were present at knowledge exchange; decision is not based on proper 
administrative control 

b) Objection to 
55: 

Misinterpretation of final report; also: minor mistakes were made to 
conditional rules in an annex and an invoice, applicant expects 
permission to make corrections; decision is not based on proper 
administrative control 

c) Objection to 
46: 

Obvious mistake was made in an invoice, applicant expects permission 
to correct. 

d) Objection to 
44: 

Misinterpretation of the rule by the agency: individuals cannot be 
incorporated in the corporation tax administration system 

 

2) Project quality assessment: reflecting expert assessments of a combination of project plan 
quality criteria; in this assessment the notes ranged from 4,0 (lowest quality) to 6,8 (highest 
quality). 

3) FGO: “former government organisation”, involved a.o. as project leader (Research institute 
or Extension agency) 

4) After the affirmation application, the requested payment was only 3,4% less than the granted 
amount. 

5) According to the policy implementation notes under RDP-2 in 2007, payment reductions 
should only be applied after communication with the applicant, and permitting the applicant 
to make justifiable corrections. Although it is unknown with whom exactly, it is confirmed that 
formal and informal communication has taken place with about 60% of the applicants before 
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Ranking in reduction percentage (Table 2 -1) 
Of the 62 projects, 39 received the requested payment (N°03-41). One (N° 02) did not apply 
for payment (was not executed) and one (N° 01) was granted more than requested. The 
payment of the other 21 projects (N°42-62) were reduced in comparison to the requested 
payment. 

Notes on ranking for project plan quality (Table 2 -2) 
The project plans were granted in early 2013 after a quality assessment by a group of experts, 
using a given set of criteria. The overall assessment ranged from 6.9 (highest) to 4.0 (lowest) 
quality, with an overall average of 5.5. The project plans that faced payment reduction after 
affirmation were assessed slightly, though not significantly, lower (average 5.3; range 4.0-6.7) 
than the ones that did not face payment reduction (average 5.6; range 4.2-6.9). It seems 
therefore that payment reductions are not influenced by the quality assessments of the project 
plans. 

Communication and FGOs (Table 2 -3) 
Communication is usually done with the contact person, i.e. the project leader. In the 
affirmation procedure of 2015 formal (written) communication about misunderstandings and 
(possible) payment reductions have taken place with about 60% of the applicants before 
decision making. In addition informal communications have taken place with the project 
leaders involved. It is unclear with which specific applicants formal or informal communication 
have taken place. However, due to the procedure, project leaders of organisations leading 

decision making. These included all FGOs. However, similar communications have e.g. not 
taken place with any of the applicants mentioned, who submitted objection appeals. 

6) In terms of effectiveness it may be discussed to what extend the agency should put in efforts 
to reduce “non-eligible” payments if the administrative control costs exceed the estimated 
payment reduction. 

7) The majority of the given formal motives are related to so called conditional rules. This means 
that both under national and EU legislation the applicants should have been allowed to 
explain their intentions and make justifiable corrections after the application for affirmation. 
Moreover, misunderstandings about these conditions should have been prevented, by clear 
communication beforehand about the details of the Regulation during the granting and 
execution period. Some general comments on the specific formal motives: 

m) Such conclusions should be based on proper administrative control of actual facts; not 
on personal interpretations of text fragments by agency workers 

n) Mistakes like these should already have been detected in the budget during the 
granting procedure 

o) The applied rule is not based on any clear EU legislation 
p) According to the policy implementation notes under RDP-2 in 2007 allowances to 

student trainees are contributions to education, and not a salary to an “employee” of 
the applicant. 

q) Unclear why evidence was not allowed to be added afterwards 
r) Except for editing books, EU publication rules are insufficiently clear for many 

circumstances, e.g. in cases of co-productions outside the project, or with social media 
involved (e.g. Facebook and Twitter). Besides, the rule is a condition – unclear why the 
applicant was not allowed to correct the publication. 

s) Concerns condition - unclear why corrections or adjustments were not allowed  
t) The comment seems to refer to a misunderstanding about the requested amount 
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many projects were better informed, because what was communicated about one project, they 
could extend to others. Consequently, the large FGOs were better informed than other project 
leaders. Note: these communications have e.g. not taken place with any of the four applicants 
(or their project leader), who are now known to have submitted objection appeals.  
 
It is not known what policy decision founded the agency’s decision to reduce the allowance of 
communication before the payment decision. According to the agency the decision to allow 
communication was not made randomly, but based on a criteria called “completeness of the 
application”. The definition of this criteria is rather obscure, but was related to the notice at first 
glance of the agency worker of occasion, as to whether any information was missing. The 
applicants who were allowed communication with the payment agency in that period before 
the payment decision could get up to 25 days more than others to finish their application. They 
were convinced that the communication had a positive effect on the decision about the 
payment, although the administrative burden frustrated them. 
 
There has been no general evaluation of the perception of the administrative burden by the 
applicants. However, in several informal contacts for this article all contact persons (including 
all contact persons of FGOs) complained about the disproportionality and excessiveness of 
the administrative burden throughout the project execution period.  

Request at affirmation (Table 2 -4) 
The average difference between the originally granted payment and the requested payment 
at affirmation is -3.4% (excluding the project ranked as N° 02). Table 2 does not specify these 
data, because that is beyond the focus of this article. One project should be mentioned here, 
however, (N° 01) because the maximum payment was originally granted, but the requested 
payment was (probably by mistake) nearly € 14.000 less. This mistake was corrected by the 
agency in the affirmation procedure, although a reduction of € 60 was subtracted.  

Reduction at affirmation (Table 2 -5) 
In view of the previously evoked policy information that the payment agency had planned to 
allow all applicants to correct and adapt their application before making negative decisions – 
within the limits of integrity, it is remarkable that communication was reduced to 60% and in 
21 cases a payment reduction was imposed by the agency, varying from € 4 to all € 55.000. 
With these 21 cases, 11 applicants were faced with a reduction of less than € 1.500. Those 
are about the costs for an uncomplicated administrative control in such a procedure. So in 
these cases the costs for payment reduction outweigh the benefits for the EU.  
 
There seems a reverse correlation between the projects that were allowed communication 
before the final decision about the payment and the applied payment reduction. FGOs seem 
to suffer disproportionately less from payment reductions in the newly implemented 
communication policy of the payment agency. Of in total over € 1.11 million of requested 
payments for the 22 FGO projects only € 407 (0.47%) was reduced, whereas of in total over 
€ 1.81 million of requested payments for 38 non-FGO projects (excluding N° 01-02) nearly € 
0.25 Million (13.54%) was reduced.  

This difference between FGO and non-FGO involvement is significant. However, there is no 
indication that the quality or the success of the project execution, the problem theme, the 
competences of the project leader, the composition of the network, or personal matters, have 
caused the phenomenon. The suggestion is that FGO project leaders were better informed 
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and had more opportunities to adjust their payment applications than others. Nonetheless, 
FGO project leaders seem as frustrated as other project leaders about how the payment 
agency handled the procedure.  

Reduction percentage (Table 2 -6) 
The funding of the Knowledge exchange network projects is tight for the applicants. Applicants 
are not allowed to cover wages or unpaid hours. Even other costs, e.g. travel, supplies, bank 
costs, etc., may often not be granted. Eligible costs are only accepted if they are made by 
others – and are covered for 80% to the applicants, whereas benefits should be accessible to 
everyone. Applicants already feel this is a substantial discouragement to apply. If in addition 
the payment is reduced after affirmation (even by a small amount), the discouraging effect to 
future applications may be much more than the amount of reduction. The incidences of 
important payment reductions –  putting to one side the motives of the payment agency - seem 
to have a devastating effect on the expectancy of future applications of, in particular, the 
farmers that are known to take responsible initiatives for their sector.  

Formal motivations for payment reduction (Table 2 -7) 
The criteria for the success of Knowledge exchange network projects are (Wielinga et al., 
2008): 

1. The relevance and urgency of the problem or theme, for agriculture; 
2. The passion of the participants to exchange knowledge exchange with respect to the 
problem; 
3. The competence of the project leader to guide the knowledge development process; 
4. The focussed efforts to produce and the production of knowledge exchange products. 

 
In view of these criteria it is remarkable that the agency’s motivations for payment reductions 
seem far more related to (accidental) administrative errors than to any of the project success 
criteria – maybe with the exception of the project ranked N° 62 (100% reduction); that 
particular motivation seems outside the trend among the others. 
 
All payment reductions seem to be motivated by issues that could have been solved through 
communication, either through clarification, explanation or correction of the final report, the 
financial report and related documents, or through a voluntary reduction of the requested 
payment by the applicant. The represented motives do not indicate the presence of any 
intentional misuse of the grant in any project. 
 
The majority of the given formal motives are related to so called conditional rules – and often 
those conditional rules that are unclear. This confirms that both under national and EU 
legislation the applicants should have been allowed to explain and make justifiable corrections 
after the application for affirmation. Moreover, misunderstandings about these conditions 
could have been prevented by clear communication about the details of the Regulation during 
the granting and execution period. In the text below Table 2 some additional comments on the 
motives are given. 

Conclusion from the example 
In view of what EU taxpayers have the right to expect of the agency, the procedure for the aid 
applications of EU funds seems to have deviated from the purpose of the regulation. The 
image of a stimulating (though immature) regulation with a purpose-focused procedure, which 
resulted in remarkably effective and efficient knowledge exchange developments in the years 

922



2007-2010, is gone. Instead we have an unreliable time and resources absorbing regulation, 
with such an administrative burden that potential project leaders are reluctant to encourage 
farmers to apply – even if they do not fear important payment reduction, like the former 
government organisations (FGOs): research institutes and extension agencies. The applied 
payment reductions led, of course, to additional societal unease. Moreover, the project 
successes in terms of knowledge exchange towards innovation are not celebrated any more 
as they were in the early years of the RDP-2, because the focus has deviated towards the 
disadvantages and negative side effects.  

Administrative control 
Two kinds of incidents may occur at the level of (unintended) irregularities: both the 
beneficiaries and the payment agency can be responsible for it. In EU funded projects 
payment refusal, reduction or reclaim can even be demanded by the European Commission 
(EC), if an (unintended) irregularity has taken place at the level of the national or other 
authorities, without the responsibility or even the knowledge of the beneficiary. Legal 
instruments for the national agency to reduce the risks of reclaim by the EC are very limited. 
Therefore risk avoiding behaviour of the national payment agency towards the beneficiaries is 
common (Brink van den, 2012). 

What is proper administrative control? 
The frequency and type of incidents that happen depends largely on the control system of the 
payment agency, but may be biased by the EU control system that is applied to the agencies. 
In EC implementation act 809/2014, Section 2 the provision for checks of payments are 
outlined. In Article 48 the conduct of administrative checks are specified. In this context, the 
administrative check reports serve as evidence for payment refusal, reduction or reclaim in 
case irregularities have occurred. Confusion may occur, however, in the interpretation of the 
terms ‘control’, ‘check’, or ‘audit’: are they similar? In addition the English term ‘administrative 
control’ or ‘office/ desk control’ is confusing too, especially after translation in other languages: 
does that mean that only documented reports and texts should be taken into account, or 
should the control include a check of the actual situation? EC Commission Regulation N° 809/ 
2013 is unclear about that. However, important decisions are found in precedent judgements, 
for example: 
 
In EC Curia Decision Judgement Case T305/00 (2003) the following precedent is found on 
the matter, which has since been applied to other control reports of administrative checks: 

“In order to assess the evidential value of a document, it is necessary to determine 
whether the information it contains is credible, to take into account the origin of the 
document and the circumstances in which it was drawn up, and to consider whether it 
seems, on the basis of its content, sensible and reliable (see Joined Cases […]).” 

 
From this precedent it can be concluded that the administrative control should be related to 
the actual (onsite) situation and be sensible and reliable. The EU Court of Justice gives the 
national court explicitly the space to assess whether the principles of legal certainty and 
protection of legitimate expectations are rightly applied in view of the Community law. In face 
of payment reduction, refusal, or reclaim the assessment should be balanced with regard to 
the conduct of both the beneficiaries and the relevant governing bodies (Brink van den, 2012). 

923



Conclusion 
Proper administrative control should cover the following elements: 

a) It should be done by a competent person in view of the content; 
b) Conclusions should be supported by facts of the onsite situation that may serve as 
evidence; 
c) Conclusions should be sensible, reliable and likely in view of the actual, onsite situation. 

Application of administrative control to the example of this article 
The underlying EU ‘soft law’ procedures are often not easily revealed to the grant applicants. 
This makes it hard for beneficiaries to provide evidence if a mistake is made by the payment 
agency (Dam van, 2013). The agency in this example (RVO) has a historical, pre-
reorganisational habit of providing the information about procedures, though only after request. 
Lately it sometimes arrives with an extensive delay of up to several months. 
 
The administrative control of the affirmation application in the example were done by the 
agency at the hand of a list of 17 questions. An adjusted translation of these questions is given 
in Table 3. 

 
Table 3. Checklist of the administrative control of the affirmation applications in the 
Knowledge exchange network projects in the Peat Colonies area, under the late RDP-2 
(2013-2015) 
 
 Description4 Y/N 
1 Is the signature correct and sufficient?  
2 Has the project started within three months after the granting date?  
3 Has the project ended ultimately on 1 July 2015?  
4 Is the application for payment affirmation submitted within 13 weeks + 25 

working days after ending the activities, but NO LATER THAN August 5, 2015? 
(1 July + 25 working days)? 

 

5 Is the term report (required after each year) received?  
6 Is the final report satisfactory?  
7 Has the applicant executed the project according to the project plan and (if 

applicable) the adaptations approved by the agency? 
 

8 Is the payment overview satisfactory and are all expenses made AND payed?  
9 Are all payments supported by invoices and evidenced documentation of 

payments? 
 

10 Is the applicant able to receive payments in the government administration 
system? 

 

11 Is there a motive for physical control on site, after the desk control and (if 
applicable) the risk analysis?  

 

12 If applied: are there any results from the physical control on site which could 
influence this request for affirmation payment? 

 

13 Are there any manifest errors?  
14 Are there any circumventing devices applied?  
15 Has the applicant deliberately provided incorrect or incomplete information?  

                                                      
4 Adjusted translation in English by the author of this article 
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16 Has the applicant deliberately provided incorrect or incomplete information this 
calendar year, or before, in any request for a grant, a payment in advance, or 
an affirmation payment, concerning this or any other regulation within the same 
RDP context? 

 

17 Are there any ineligible expenses presented in this request?  
 
The most revealing aspect of the question list is not the questions that are posed, but the fact 
that the three key questions for proper administrative control (mentioned above) are not 
specifically posed. According to an informant of the agency these key questions are neither 
posed nor specified in any other control guidance. Agency workers are instructed to try and 
draw conclusions from their own interpretations. Only if necessary, in cases of doubt about 
the conclusion they are about to draw, may they then make contact with the applicant – 
preferably in a formal letter.5  
 
This instruction seems a deviation from the legal principle of the ‘benefit of the doubt’. It means 
that based on an administrative control an agency worker can only choose from two 
conclusions: ‘benefit of the doubt’ or ‘doubt’. In cases of doubt the most obvious action is 
communication by telephone or e-mail. In cases of persisting ‘doubt’ further facts checking 
procedures may be performed, e.g. by a special inspection agency, before the conclusive 
decision is made about the payment reduction, refusal or reclaim.  
 

Here is an example of part of the affirmation checklist together with the motivation of the 
agency worker on the occasion, after which this applicant was faced with an important 
payment reduction:6 

 

11 Is there a motive for physical control on site, after the desk control and (if 
applicable) the risk analysis?  

YES 

 Motivation: Eligibility of an invoice unclear, and of the expenses for an event. 
The issue is sent to the national inspection agency for control onsite. 
 

 

12 If applied: are there any results from the physical control on site which could 
influence this request for affirmation payment? 

NO 

 Motivation: The national inspection agency concluded that all is correct. 
Substantiating information is added. Based on the substantiating information I 
deducted some ineligible costs. 

 

 
This example indicates rather obviously, that this agency worker was both poorly trained – 
and checked afterwards. Obviously this person did not know how to evaluate the information: 
neither the questions in the checklist, nor the substantiating comments of the inspection 
agency: 

• The answer “NO” to N° 12 contradicts the subsequent decision to reduce the payment;  
• Substantiating information supporting that all is correct does not support a counter   
decision; 

                                                      
5 Oral communication RVO payment agency (June, 2016) 
6 Adjusted translation in English by the author of this article 
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• Conclusions about ineligible costs require evidence from proper administrative control. 
 
The motivation seems to indicate that the agency worker is trying too hard to reduce payments. 
The behaviour raises questions as to what extend the fierce biyearly EU account controls have 
created an atmosphere of pressure. 
 
The example seems illustrative for the control methods that were used by the payment agency 
for this Regulation: with all four decisions objected to there are issues about the (mis) 
interpretation of conditional rules and reports. In addition, the majority of the other motives for 
payment reduction are also about the interpretation of (conditional) rules, which had not been 
clear or about which the communication had been inadequate at an earlier stage. 

Discussion 
In 2007 policy implementation notes were made by the former payment agency [DR] under 
RDP-2, about how to make this regulation really stimulating and avoid unsupportive payment 
reductions. Apparently these notes are out of use since the national agency reorganisation, 
completed in 2014. Besides, few or none of the current workers in the payment agency have 
experiences that go back to the origin of this regulation. The evaluation system that is currently 
in use is perceived as intimidating and discouraging by the (potential) applicants and project 
leaders for several reasons: restriction of eligible costs; administrative burden; and risk of 
payment reduction. 
 
In the official interim evaluations of this regulation various assessment experts have proposed 
that, in order to reduce the procedures, they should be linked to the granted projects as 
‘steering experts’ during the execution. Project leaders have proposed instead, to avoid this 
increase of hierarchy, the organisation of a mutual evaluation system of project successes, 
using intervision techniques (Blokland et al., 2013; Bartels BV, 2009). Although the 
implications of neither of these propositions has so far been discussed seriously, the 
incorporation of both in the legal control system could be interesting and challenging.  
 
A reintroduction of the insights from the policy implementation notes of 2007 about 
communication could reintroduce a satisfactory system, from the perspective of the EU 
taxpayer in particular, if complemented with a sound and longer-term coordination within the 
payment agency. It is recommended to reintroduce such concept as a control system for the 
RDP-3 grant procedures. In addition, the procedure for administrative control should be 
improved substantially and lined up with the EU precedent judgements. 
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Q Methodology, a useful tool to foster multi-actor innovation networks 
performance  
  
Louah, L. and Visser, M.  
 

Université Libre de Bruxelles (ULB) 

 
Abstract: We address in this paper the opportunities of Q Methodology for empirical 
agricultural innovation studies. In the systems perspective on innovation, multi-actor 
innovation networks are seen as a key strategy for successful innovation. Given the several 
types of actors involved, the scientific and policy literature points at the need for ‘innovation 
brokers’ to build capacity for collective innovation and prevent innovation network failures. 
This paper aims at introducing Q Methodology as a fitting and promising tool to assist these 
systemic facilitators to probe more deeply into the mechanisms of social learning and 
collective cognition. Q Methodology is a mixed method that provides quantitative structure to 
individuals' opinions via factor analysis, based on a clear methodological structure and 
process. It has gained popularity in a range of ‘messy’ studies to analyse and typify the 
diversity of worldviews on complex and socially contested issues. Increasingly considered as 
a well-established method to address rural research questions, its use in agricultural 
innovation studies is still missing. After providing practical information about the conduct of Q 
methodological research, we reflect on the usefulness of Q Methodology in fostering multi-
actor innovation network performance.   
  
Keywords: Q Methodology, mixed method, stakeholder analysis, agricultural innovation 
system, innovation broker, multi-actor innovation network  
   
Introduction   
Q Methodology has a rich, if little known, history. In 1935 the psychologist and physicist 
William Stephenson - a doctoral student of Charles Spearman - published a letter in Nature 
(Stephenson, 1935); the letter announced that he had reconceptualised correlation analysis 
in such a way that in place of correlating tests in relation to random variables expressing traits, 
he had developed a method to correlate whole aspects of persons. What Stephenson 
introduced as an objective study of human subjectivity would grow into the scientific method 
Q Methodology (hereafter referred to as Q). Considerably developed and codified by the 
political scientist Steven Brown (1980), Q has been used in a wide range of study applications 
seeking to uncover and analyse similarities and differences in the subjective viewpoints of 
individuals (McKeown, 1990).   
 
In the eight decades since it was first proposed by Stephenson, Q has spawned both an 
increasing community of active practitioners, and recurrent severe critiques (e.g. Burt & 
Stephenson, 1939; Cattell, 1951; Kampen & Tamás, 2014), which the Q community in turn 
considers as repeated substantial misunderstandings of its mathematical and practical 
aspects (Brown et al., 2015). However, the last 15 years have witnessed a further increase in 
published Q studies - and a decline in published criticisms -: 92 publications per year in the 
years 2001-2013 compared with 35 in the years 1991-2000 (Brown et al., 2015). According 
to Donner (2001), Q is particularly well-suited for topics where it is necessary to recognise 
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social complexity and, consequently, has slowly gained popularity in a range of ‘messy’ 
environmental issues (e.g. Addams & Proops, 2000; Cuppen et al., 2010; Curry et al., 2013; 
Hermans et al., 2012; Visser et al., 2007, 2011).  
 
Regarding farming research, Previte et al. (2007) advocate that Q, were it to become better 
known, could be successfully applied to address rural research questions, while Fairweather 
and Klonsky (2009) argue that Q is “the only well-established method that rests on what 
farmers state is their approach to managing a farm rather than on methods that rely on 
researcher assessments of farming styles”.  
 
Q methodology is useful when one wishes to characterise how different groups of people think 
about a particular issue in a systemic way. It can be used to explore perspectives on any issue 
area where there is subjective disagreement, making it particularly useful for studying 
controversy - and there is a lot of controversy with regard to food and farming. A well-delivered 
Q study reveals the key viewpoints extant among a group of participants and allows those 
viewpoints to be understood holistically yet with a high level of qualitative detail.  
  

We had the opportunity to personally ascertain the soundness of the method through its 
application in four contrasting cases. Three of these cases involved unsustainable and 
conflicting uses of natural resources: (1) cereal fallows in arid Tunisia (Visser et al., 2011); (2) 
marginal farmland with high nature value (turloughs) in West Ireland (Visser et al., 2007); and 
(3) endemic medicinal and aromatic plants with high economic value in the High Moroccan 
Atlas (Louah, 2010). Our fourth Q study aimed at understanding barriers to the development 
of modern agroforestry in South Belgium (Louah et al., in press) - agroforestry being 
increasingly promoted by scientists as a sound environmentally friendly farming innovation for 
European productive areas (Palma et al., 2007).  
  

The idea of using Q methodology arose as we were looking for a way of scientifically 
integrating the human ecology (practices, worldviews, values) of food and farming issues. In 
our opinion and experience, whereas with food and farming issues the human ecology is 
quintessential for understanding, more often than not it is ignored or silenced. As natural 
scientists we were ill equipped to explicitly take on board the human factor and societal 
concerns, and especially suspicious of researcher bias when it comes to studying phenomena 
that are hard or impossible to measure and thus quantify, or at least break down into 
measurable bits and bites. Compared with purely qualitative methods - with, in our sense, 
often unclear interpretation processes - Q is very appealing because it involves a more 
rigorous analytical framework minimising researchers’ bias (Brown, 1980), as well as very 
well defined and transparent steps - see the next point for overview of Q basic steps and 
assets. Therefore, Q opened doors toward transdisciplinary research and thus to successfully 
understand, in various contexts, systemic barriers to sustainable management or innovation 
and how to overcome these barriers. Q was also the gateway to other, complementary, 
methodologies for investigating human ecology.  
  

Today we focus our research on food system redesign, and more especially on the 
development of agroecological innovation. Research in system redesign views innovation not 
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just as an end product of science and technology to be transferred to end-users but as a 
process of sociotechnical nature. It is important to acknowledge that, in fine, food system 
redesign happens through stakeholder action, whether accompanied or not by (formal) 
research. Examples abound of farmers who redesigned their farms over the course of a 
decade or longer without any formal help by state-funded research. However, even though 
their output/input efficiency, productive potential and socio-economic viability have been 
scientifically demonstrated, and even though some small scale experiments and initiatives 
hold promise for upscaling, food system redesign for stronger sustainability does not break 
through. Reasons can be summarised with the concepts of (systemic) lock-in and path 
dependency (Geels, 2002; Geels & Schot, 2007; Vanloqueren & Baret, 2009).   
    
The recent reports of Dedeurwaerdere (2014) and of the Standing Committee on Agricultural 
Research (EU SCAR, 2012) are very explicit on the need to reorganise (agricultural) research 
following a more comprehensive perspective on the nature of innovation (in farming). Today, 
the involvement of innovation brokers within multi-actor innovation networks emerges as a 
key strategy to foster food system redesign (Klerkx et al., 2012; Louah et al., 2015). We 
suggest that Q methodology holds promise to support innovation brokers in the 
definition of collective or concerted action, and thus to enhance innovation networks’ 
performance.  
  

Before making our case on Q opportunities for empirical agricultural innovation studies, we 
describe the basic steps of the method while highlighting its key strengths and some common 
methodological pitfalls. To underline the practical use of the methodology we illustrate these 
steps with our case study on barriers hampering agroforestry development in Wallonia (South 
Belgium).  
  
How to do Q  
The Q approach is an original mixed method that provides quantitative structure to individuals' 
opinions via factor analysis, thus allowing an in-depth understanding of the topic at stake. 
Practically speaking, the research process entails six well-defined steps summarised in Figure 
1 and further described below (Brown, 1980; McKeown & Thomas, 1988; Watts & Stenner, 
2012).   
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  Figure 1. Flow chart of the six-steps Q methodological research process  

  
(A) Development of the concourse  
Essentially, Q requires the researcher to pay attention to the discourse under investigation; 
that is, the views held by the stakeholders. Q study begins with the development of a collection 
of items, typically statements, within that discourse. This collection of items is called the 
‘concourse’. Not to be confused with the concept of discourse, concourse is used in Q for the 
collection of opinion statements about the topic that captures the range of issues and 
worldviews at stake relative to that topic (Van Exel & de Graaf, 2005). In practice, the 
concourse can be elicited from various sources: interviews, focus groups, participant 
observation, text from grey or scientific literature, websites and other media (McKeown & 
Thomas, 1988). Opinion statements are collected verbatim from these sources - oral ones 
should be audio-tape-recorded -, until it appears that ‘saturation point’ has been reached.  
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Context on agroforestry (AF) was set through 50 individual open-ended interviews with three 
local sources of opinion: (1) farmers; (2) researchers; and (3) decision makers from different 
levels of Walloon institutional and associative bodies related to agriculture and/or forestry. 
Each stakeholder was contacted by phone to get a first appointment, and presented the 
approach as being part of a European research about agricultural innovation. We never 
mentioned “agroforestry” or “trees” on the phone to avoid influencing the stakeholder before 
the interview. The few refusals to a first interview were due to a planning problem. Of the 53 
stakeholders contacted, only three have not been interviewed. Table 1, shown in illustration 
of step C, displays the number of interviews conducted per interviewee type.   
  

(B) Q sample selection  
Once the concourse is captured, it needs to be reduced down to a manageable size. It is 
indeed difficult and time consuming for respondents to evaluate a too large number of 
statements (Brown, 1980). The task becomes one of selection, organisation and analysis, so 
as to draw the Q sample, i.e. a subset of typically 20 to 60 opinion statements. An opinion 
statement is understood to be a kind of stimulus that triggers respondents search for meaning 
(Glynos et al., 2009).  It is important to note that the selected statements come verbatim from 
the sources, with no influence of the researcher’s own reference frame.  
 
The Q sample is not undertaken haphazardly. As the selected statements are the essence of 
the subjectivity that will later emerge from their sorting by the respondents (cf step D) (Brown, 
1986), particular care is needed to ensure that the sample is representative of both the array 
of expressed opinions and of as many sub-issues within the topic as possible. In other words, 
the Q sample has to be compiled in a way to get to the quintessence (Barry & Proops, 1999) 
of worldviews and issues at hand, so that the respondents can truly express their views 
(Brown, 1986).   
  

Usually a design principle is used in order to ensure that all aspects of the topic of interest 
have been covered, and to ensure that the sample does not favour one aspect over another 
– avoiding the potential incorporation of a bias into the final Q sample. This artificial 
categorisation of statements has to be considered as a mere way for the observer to organise 
in order to facilitate the selection of statements for the Q sample. In doing so, he has to ensure 
that the sample is balanced, i.e. that one respondent has an equal opportunity to react 
positively and negatively to statements in at least one of the main categories. Therefore, within 
one category, both statements reflecting positive and negative assertion, and thus 
disagreement among the concourse, have to be selected (Stephenson, 1953). Pilot-testing is 
also often used in order to obtain a final ‘well-structured’ Q sample, i.e. ensuring optimum 
balance, appropriateness, applicability, intelligibility and comprehensiveness - notably one 
statement should consist of just one idea on which to (dis)agree.   
  
It is important to realise that although the Q researcher may choose to identify a particular 
statement with a specific category, this a-priori ‘labelling’ and the selected statement in itself 
makes little difference to the subsequent data processing. While it comprises the raw 
materials of the study, the Q sample indeed possesses no specific meaning prior to the sorting 
process by the respondents (Watts & Stenner, 2005). As Brown (1980) pointed out: 

933



“ultimately, this artificiality is replaced by categories that are operant, i.e. that represent 
functional as opposed to merely logical distinctions”. Therefore as long as a Q sample is 
representative of the concourse, the sampled statements may differ with no impact on Q 
results (Eden et al., 2005). This key feature is a gauge of researchers’ bias minimisation and 
is further discussed in step D.   
  
A list of 228 statements faithfully quoted from the 50 interviewees have been extracted. A 
balanced Q sample has been built through the categorisation of the concourse into three 
issues: (1) Agriculture status and trends; (2) AF ecology and practices; and (3) Barriers to AF. 
Pilot-testing allowed us to obtain a final well-structured Q sample of 42 statements. Table 2 
and 3 shown in illustration of step D display a selection of the final Q sample.  
 
(C) Q sorters selection (p set)  
Once the Q sample is drawn, it is submitted to respondents or ‘Q sorters’ for the ‘Q sorting’ 
task (cf step D). The Q sorters constitute the p set - usually 12 to 40 people - and are purposely 
sampled as ‘people that have something to say in relation to the topic’ (Watts & Stenner, 
2012). Besides, the p set also has to emphasise diversity (Watts & Stenner, 2012). Indeed, 
while the statement selection focuses on being representative of the concourse, the selection 
of respondents seeks to represent the breadth of existing opinion around the topic rather than 
being somehow representative of the population as a whole. Depending on the question of 
interest, the p set might include for example policy makers, specialists in a particular field, 
people living in a certain area or affected by a particular issue.  
  
The p set of our Q study on AF consisted of a structured sample of 20 respondents (cf 
Table 1) expected to have a clear and distinct viewpoint regarding the topic. All the 20 
stakeholders who were asked to carry out the Q sorting agreed to do so. Only four Q sorters 
hadn’t been interviewed before since we argue that the interpretation step needs to rely 
both on interviews and Q sorting to increase in rigour.   
  
Table 1. AF Q study: distribution of interviews and Q sorts among interviewee types  
  

  Farmers  Researchers  Decision 
makers  

Total  

Interview only  30 2 2 34 
Q sort only  2 1 1 4 
Interview and Q 
sort  

10 1 5 16 

Total interviews  40 3 7 50 
Total Q sorts  12 2 6 20 

  
    
(D) Q sort generation through Q sorting  
Once generated, the Q sample is submitted to the appreciation of the p set through the ‘Q 
sorting’. Before proceeding, the right material needs to be prepared. Q statements have to be 
organised by the predefined categories, given a unique numbering code and written on 
individual printed cards. They will be sorted with the help of a laminated A1 paper sheet on 
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which a grid is drawn with column headings that correspond to all possible ratings. For 
example, in each of our Q studies we chose seven possible rankings and thus columns from 
left to right were respectively headed as follows: I could not disagree more (-3); I strongly 
disagree (-2); I disagree (-1); I don’t know (0);  I agree (+1); I strongly agree (+2); I could not 
agree more (+3). But depending on the research questions other scales for ranking can be 
developed. This homemade device allows conducting of the Q sorting, which consists of 
asking one Q sorter to physically place each card on the grid according to the extent to which 
he agrees or disagrees with the statement it displays. It is through this sorting that each Q 
sorter gives subjective meaning to the statements. As illustrated in Figure 2, the grid allows 
for statement ranking in relation to the ranking of the other statements, rather than evaluating 
them individually. This relative ranking is assumed to decrease the risk of arbitrary or biased 
sorting, for example under influence of the respondent’s mood at the time of sorting, and thus 
enhance the repeatability of the sort (Raadgever et al., 2008).  
  

 
   

The Q sorting is assisted. Thanks to the grid, the researcher can help enhance the internal 
coherence of the ranking. It goes without saying that caution must be employed to ensure that 
contradicting statements don’t receive similar scores. But to illuminate the more fine-grained 
Q sorter worldview, the researcher also needs to assist the Q sorter when it comes to 
nuancing between two close scores. All along the process, the researcher has to carefully 
collect, and record qualitative data about how the participant has interpreted the statements 
in their Q sort and what implications those statements have in the context of their overall 
viewpoint.  These comments are major data as they will later aid the interpretation of the 
viewpoints captured by each of the extracted factors (cf step F). Once all the statements are 
placed on the Q grid, and the participant is satisfied with it, this becomes the ‘Q sort’, i.e. the 
collection of scores of the Q sorter of all statements; it reflects the respondent’s perspective 

Figure 2. Illustration of a Q sorting process   
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   uhhg 

  siuqh 
   khuhuih ,  khdkh 

   kfh 
   kuhesfksh 

  

Q7  
To do AF, all the  

machinery has to  
be questioned    

Q6  
The short-term  

financial return of  
an AF parcel is low    
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on the topic at hand. The researcher can now record the array of attributed scores on a sheet 
of paper.  
  

We insist on the fact that it is the holistic pattern of the Q sort that matters, not the statements 
themselves. In a single person’s Q sort, the scores attributed to statements represent 
interactions that have taken place from within a common frame of reference: the perspective 
of the Q sorter. Each score is implicated in all the other scores, each at least implicitly having 
been compared with all the others, none being independent of the others. The meaning we 
strive to find via Q thus does not reside in the statements themselves, but rather in the pattern 
of their Q sort (Brown, 1993).   
  

The 22 Q sorters were asked to place each one of the 42 cards in the grid. No particular 
statistical distribution was employed and every comment made during the process has been 
noted and recorded. Each Q sorting lasted on average about 2 hours and happened in a 
positive atmosphere. In general, Q sorters were reluctant initially but grew more confident 
and took pleasure in the exercise as Q sorting progressed. Table 2 and 3 display a selection 
of significant statements respectively causing dissensus and consensus among the three 
idealised views emerging from our Q study on AF – ie a transformative viewpoint (TV), a 
politically correctness viewpoint (PC) and a viewpoint maintaining the status quo (SQ) (see 
illustration of step F). While dissensus statements could be found in each category, almost 
no consensus statements were found in the categories related to AF – ie AF ecology & 
practices and AF.   
  

Table 3. AF Q study: a selection of distinguishing statements, with their respective 
category, label and scores attributed by each of the three extracted idealised views.  
  
  

Cat.  Q statements  
TV  

Scores 
SQ  

  
PC  

 

Q15  Our soils are not being depleted at all  -3 0 1 

Q27  Nature provides valuable assets to agriculture but 
these have been woefully neglected  3 1 0 

Q31  We are not fools, experiences such as AF ought to be carried 
out by others  

-2 -1 2 

Q28  We would not be able to farm without chemical fertilisers  -2 0 2 

 

Q34  AF allows us to regenerate soils by enriching them in carbon 
and in nitrogen  

3 1 0 

Q41  AF would be more appropriate for land that is less productive 
than ours  

-2 -2 2 

Q37  Intercropping several plant species results in a higher 
overall productivity compared to pure stands.  3 1 0 

Q35  Tree shade during haying causes delays in drying  0 1 2 
Q6    The short-term financial return of an AF parcel is low  2 1 1 
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Q12  Making an income from hardwood in AF is not possible  -2 -2 0 
Q14  Increases in agricultural productivity thanks to AF 
must be quite obvious before throwing yourself into it.  0 0 2 

Q2    Farmers are afraid at working with trees while foresters 
are afraid at working in a farming environment  2 0 1 

 

  
Table 4. AF Q study: a selection of consensus statements, with their respective 
category, label and scores attributed by each of the three extracted idealised views.  
  

Cat.    Q statements  
TV  

Scores 
SQ  

  
PC  

Agric.  
status  
&   
trends  

Q30  It would be better to take away all the subsidies and to 
ensure fair pricing  

2 1 2 

Q25  Farmers are bound by the subsidies  2 0 2 

Q19  In Wallonia there is not much in terms of information 
support for farmers  -1 -1 -1 

Q21  The major change can’t be implemented only by the 
elected officials, all the different actors in civil society 
need to contribute  

2 2 2 

Barriers  Q11  You must be the owner of the field to do AF  2 1 2 
  
  
(E) Statistical analysis of Q sorts  
It is at this stage that the researcher analyses the Q sorts thanks to a sophisticated statistical 
procedure and with the assistance of modern computing technology. The analyses of Q sorts 
involve correlation, factor analysis, and the calculation of factor scores (Brown, 1980; 
Stephenson, 1953). This step is a purely technical and objective procedure, and therefore 
sometimes referred to as the scientific base of Q (Van Exel & de Graaf, 2005). Yet, as we will 
see hereafter, parts of this factor analysis process are qualitative.   
  

Prior to analysis, a data matrix is built with the Q sorts as variables (columns) and all Q 
statements as objects (rows). Typically for Q, the correlation of variables thus generates a 
correlation matrix that reflects the relationship of each Q sort configuration with every other Q 
sort configuration - and not the relationship of each statement with every other statement. The 
initial correlation matrix is then subjected to factor analysis in order to produce a set of factors 
onto which the respondents load effectively on the basis of the Q sorts they have created. 
Indeed respondents are clustered on the basis of the degree of similarity between their Q 
sorts, thus respondents that load onto the same factor will have created very similar Q sorts 
or ‘sorting patterns’ (Watts & Stenner, 2005).   
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Clustered variables (Q sorts) suggest a shared view among a group of people. Q factor 
analysis allows the revealing of these shared views in the form of idealised sorting patterns of 
the Q statements, and shows which Q sorts are correlated with these few idealised views 
(Brown, 1980, 1993). The endpoint statistical analysis is reached when each of the significant 
factors is represented by its own best-estimate Q sort or idealised statement patterns that will 
undergo the next step of interpretation.  
  

Today, several Q methodological packages ease these statistical analyses - e.g. PCQ 
(Stricklin & Almeida, 2001) and PQ Method (Schmolck & Atkinson, 2013) - by automatically 
generating the initial correlation matrix and making processes of factor extraction, rotation and 
estimation very straightforward. Rotation just consists of changing the reference points of the 
geometric coordinate frame in order to enhance the interpretability of the extracted factors 
(McKeown & Thomas, 1988). Despite the computer automation, the researcher has to make 
some decisions as the analysis proceeds, starting with the selection of the factor analysis and 
factor rotation methods. Two factor extraction methods and two factor rotation methods are 
most widely used by Q researchers, namely and respectively: Centroid and Principal 
components; and Hand rotation and Varimax rotation. There exists a lively and old debate 
within the Q community about the use and abuse of either of these methods (see Brown et 
al., 2015; Kramer & de Hegedus, 2003). Suffice to summarise here that Centroid extraction is 
the method of choice of leading Q methodologists based on philosophical considerations 
related to their preference for Hand rotation (Brown, 1980; Brown et al., 2015; Stephenson, 
1953).   
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The final substep is to decide which factors should be s elected for interpretation   –   usually from two  
to  four . A standard requirement is to select only those factors with an eigenvalue in excess of 1.0,  
as factors going below this minimum explain less of the overall study variance than would any  
single Q sort.  A second standard requirement is that an interpretable Q factor must ordinarily have  
at least two Q sorts that load significantly upon it alone   Watts & Stenner,  2012) ( . Such significantly  
loading Q sorts are representative of the factor as they exemplify the shared item pattern or  
configuration that is characteristic of that factor. The retained idealised factors  –   usually from two  
to four  –   are hereafter referred to as   Q Factors.   
  
As many Q researchers, we  opted for   the simplicity and reliability of PCA and Varimax procedures .  
Q analysis outputs found to be very satisfying,  since these  procedures  are both consonant with  
our   aims of using Q, namely to reveal the range of viewpoints   on AF   that  were   favoured by the p set.   
As stated by Brown  (19 ,  80 238) , there is ultimately no substitute for careful consideration in the  
context of a particular study.  Yet   now that we are fully aware of the debate on statistical  
considerations, we are likely to use the method of Centroid extraction and Hand rota tion  
procedures in our future Q study.   
 The PCA   and Varimax procedures   yielded four significant factors referred to as PC1, PC2, PC3  
and PC4. PC1  carried the greatest proportion of the total variation (36.52%), while  PC2, PC3 and  
PC4  carried respectively 11.20, 8.78 and 8.12%.  The loadin gs of the original variables (Q  sor ts) on  
PC1 and PC2 (Figure 3 )  show that the conversation on AF broke down  into three distinct idealised  
Q  sorts. The loading of the statement scores on PC2 as a functi on of PC1 shows the spread of the  
statements on   the main correlation axes (Figure   4 ).     

  
  

Figure  3 .  AF Q study:  loading plot of the PCA  on all statements (PC1,  
PC2). Q  sorts are grouped based on the discourse they belong to, ie  
TV, SQ or PC.   
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(F) Interpretation of Q outputs  
The interpretative task consists of summarising the narratives respectively depicting the 
idealised worldviews of the topic as being expressed by the distinctive Q Factors. The 
construction of each narrative demands the researcher to sequentially develop an explanation 
that fits the data associated with the positioning and overall configuration of the statements in 
the idealised Q sort, supplemented by discussions and comments recorded while constructing 
the concourse and during Q sorting. This ‘abductive’ reasoning (Watts & Stenner, 2005) is not 
so amenable to providing a set of substeps to follow in a simple logical order. There are no 
clear guidelines here. The researcher works slowly to a conclusion that is defensible 
(Fairweather & Rinne, 2012).  The abductive process of Q Factors’ interpretation is firstly 
based on four basic tables, and associated graphics, generated by Q statistical analysis (for 
more details see (Brown, 1993; McKeown & Thomas, 1988; Stephenson, 1953; Watts & 
Stenner, 2012). These four types of table respectively display:  
  
Q Factor scores (or factor loadings)  
The table of ‘Factor scores’ is the most important output: it displays a listing of the Q Factors’ 
scores that are used to determine which sorts are represented by which Q Factor, i.e. load 
significantly on it. Q Factors can therefore be seen as typologies since they group people of 
similar views. This table - and its associated plot (illustrated in Figure 3) - allows visualising 
that all the Q sorters can be identified as reduced number types via data reduction. However, 
it does not explain these types. The other output tables must be examined to describe the 
emergent distinctive idealised Q sorts and to label these.   

  

 

Figure  4 .  AF Q study:  Score plot of the PCA on PC1 and PC2 for all Q  
statements. Statements are grouped into two categories according to the  
significance of difference between the discourses. Statements used for the  
interpretation of the discourses are shaded    
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Representative sorts for each Q Factor  
The Q sorts of respondents loading significantly on a particular Q Factor are used to create 
one idealised Q sort, also known as ‘representative sort’ of that Factor. The ‘z-score’ 
represents the idealised position of each statement in one idealised sorting grid (Brown, 1980; 
McKeown & Thomas, 1988). This second type of table, generated for each Q Factor, displays 
a list of the Q sample statements rank-ordered according to their z-scores in order to create 
the representative sort of each Q Factor. Usually relatively clear and distinctive viewpoints are 
already beginning to emerge from these respective statements’ rankings. Whilst the most 
extreme z-scores are the most useful for interpreting the Q Factor, it is a mistake to assume 
that ‘everything happens’ at the extreme positions of the distribution - see the remark below 
on interpretive failures.  
  

Distinguishing statements  
The tables of distinguishing statements, also generated for each Q Factor, display the 
statements that distinguish each Factor from the other Q Factors – at a significance level of 
0.05 (Watts & Stenner, 2012). The lower the significance level, the more the statement 
distinguishes the associated Factor from the others with a lower probability that this difference 
is due to chance. This additional information allows gaining insights into each idealised view 
on the issue at stake. It thus may also contribute to the labelling of the distinctive Q Factors 
or views.   
  

Consensus statements  
The table of consensus statements, generated for all the Q Factors, displays the statements 
that do not distinguish between any of the Q Factors (Brown, 1980). In other words it displays 
the existing agreement across the different views on the issue. Focusing on agreement among 
the concourse topic can be of particular interest to start a dialogue related to commonality, a 
key idea in organisational change (Ramlo, 2015) and thus, as we will discuss later, of 
particular interest for innovation networks. The consensus among Q Factors also reveals 
important insights into Q sorters’ views and narratives’ labelling.  
  

Distinguishing and consensus statements can also be visualised on the ‘score plot’ (illustrated 
by Figure 4). Hence, the positions of the statements (Figure 4) can also be interpreted along 
with the positions of the Q sorts (Figure 3) with regard to the same axes.  
  
  
The resulting plots from our Q analysis on AF showed that PC1 stands for the common 
agreement among stakeholders (since all Q sorts have a positive score on it). PC2 stands for 
disagreement  opposing more strongly groups TV and SQ, PC3 for disagreement opposing 
more strongly groups TV and PC, and finally PC4 stands for a general disagreement between 
all stakeholders.  
  

  
Although several substeps of the analysis include calculating statistical significance - which is 
highly quantitative - it must be highlighted that the interpreting and naming of the Q Factors 
falls into a more typical qualitative framework.  
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The three extracted narratives on AF in Wallonia have been constructed on stakeholders’ 
interviews (step A), Q statistical analysis’ outputs (step F) and Q sorters’ comments (step D). 
While it was not our initial intention, the resulting narratives were linked to distinctive 
expressions of ‘good farming’, and thus supporting different farming styles. These three views 
on ‘how to farm’ are summed up below:  
  

Factor TV, i.e. the ‘transformational viewpoint’ discourse, resembles stakeholders (1) in their 
desire to redesign agricultural practices through capitalisation on ecological processes in order 
to improve sustainability; (2) clearly supporting AF development in Wallonia considering its 
environmental assets and the quality of the landscape as the main advantages; and (3) arguing 
that innovations are and should be undertaken by farmers themselves in order to be tailored 
and adapted in a site-specific way to highly variable and diverse farm conditions. 

  
Factor SQ, i.e. the discourse maintaining the ‘status quo’, resembles stakeholders considering 
(1) farming practices as benign for the environment; (2) AF to be inappropriate in Wallonia; and 
(3) farmers as end-users of innovative technological packages developed by specialised 
industrial and scientific institutions.  

 

Factor PC, i.e. the political correctness discourse, resembles stakeholders (1) assuming that 
small adaptations are needed to improve agriculture’s sustainability but without challenging the 
validity of the current modern system model in itself; (2) considering AF as a viable option but 
only if its agronomic feasibility and economic profitability are scientifically proven in Walloon 
context; and (3) agreeing with SQ with the top down technology transfer approach.  

  

  
We close this section by pointing out the risk of serious interpretative failure relative to the 
representative sort tables. As stated above, a concentration on too few statements in the 
array, typically on the ones with extreme z-scores, hinders the capturing of the holistic nature 
of the interpreted viewpoint at hand. A typical mistake is to assume that a statement ranked 
‘zero’ displays indifference or neutrality and to consider this statement as of little importance. 
However the zero attributed by a particular Factor may become very informative when 
consideration is given to the ranking of the same statement by the other Q Factors. Statement 
rankings in this supposedly ‘neutral’ area of the configuration thus shouldn’t be disregarded, 
otherwise one may fail to capture the subtleties of the viewpoint being expressed.  
  
For example, Factor SQ attributed a zero score to Q28 -‘We would not be able to farm without 
chemical fertilisers’ - while Factors TV and SQ respectively attributed -2 and +2 to the 
statement. Q28 was found to be one of the distinguishing statements, and qualitative data 
gathered from  stakeholders clustering with SQ showed that the zero ranking doesn’t reflect 
a neutral position but a nuanced one.    
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Opportunities for Q methodology to foster agricultural innovation   
In the systems perspective on innovation, multi-actor innovation networks (hereafter referred 
to as MAIN) are seen as a key strategy to foster robust transitions leading to a redesign of 
farming systems - see Pittaway (2004) broad review on networking and innovation. Such 
multi-actor configurations show many operational differences (Klerkx et al., 2012) but they all 
somehow facilitate and undertake a collective process around identified agricultural 
innovation challenges and opportunities, at different levels in agricultural innovation systems 
(AIS) – e.g. village, country, sector or value chain. MAIN generally do not emerge 
autonomously, and their deliberative setup implies that connections between members need 
to be forged and their interactions need to be coordinated (Röling & Jiggins, 1998). 
Accordingly AIS scholars, actors positioning themselves as a systemic intermediary and 
systemic facilitator, therefore play a significant role (Leeuwis & Aarts, 2011). A so-called 
‘innovation broker’ is considered as a member of an actors network who is focused neither on 
the generation nor the implementation of innovations, but on enabling other actors to innovate 
(Winch & Courtney, 2007). Innovation brokers aim at enabling this co-evolution of innovation 
by facilitating linkages among different actors who were previously not connected for various 
reasons - such as cognitive distance, high transaction costs and information asymmetry 
(Klerkx & Aarts, 2013). Hence, while the innovation potential precisely builds on this very rich 
social fabric, innovation brokering means raising the challenge of improving communication 
between actors with different cultural and cognitive frames as well as different stakes and 
interests (Kilelu et al., 2013; Nooteboom, 2000).   
 
Innovation brokers thus must develop the skills required effectively to facilitate reflexive 
human interaction so that it yields desirable outcomes, i.e. social learning and concerted 
action (Röling, 2002). According to  Röling (2002) this implies an understanding of collective 
human behaviour that goes beyond the emergent property of individuals pursuing maximum 
utility. It implies understanding how people make sense of the world and socially construct it. 
As we showed in the previous section, Q methodology is a convenient and sound tool for 
advancing such understanding.  

Q Methodology as an appropriate research tool for innovation brokers  
While to our knowledge Q has never been used as such, we suggest that it holds great 
potential for allowing innovation brokers to probe more deeply into the mechanisms of social 
learning and collective cognition1 within a particular MAIN.  
  

More concretely, a Q study on a particular MAIN and regarding a specific topic would allow 
an innovation broker to get deep insight into (1) the range of actors’ worldviews on the topic, 
(2) the prevalent variations in the topic’s discourse, and (3) the way these variations logically 
relate to each other. Thanks to Q, the innovation broker could identify patterns of discourse 
that characterise the narratives (Q factors) of collective actors about the topic. Such a deep 
understanding of stakeholders’ worldviews provides relevant informative supports to foster a 
range of MAIN key enablers such as conflict resolution, negotiated agreement, shared 
learning, convergence of goals and concerted action. This means that Q findings could assist 
innovation brokers at effectively developing a common understanding and agreement space 

                                                      
1 Cognition it has to be understood has ‘the process of knowing’, as defined in the Santiago theory of cognition  
(Maturana & Varela, 1992). The theory considers cognition as a broad concept that involves perception, emotion 
and action (Capra, 1996).  
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both in the definition of common objectives and their respective prioritisation, and in the 
negotiation of the issues raised. Creating/increasing this common space stimulates changes 
among actors and finally leads to successful innovation (Klerkx et al., 2013).  
  
Q applications can be of four types depending on the particular objective at hand. These are:   
  

• diagnostics, e.g. to identify what the collective actors define as a valuable innovation;   
• analysis of a thematic issue, e.g. modern agroforestry or market access;  
• design of action, e.g. for the design of common on-farm experimental plots;  
• monitoring of action, e.g. to assess the set up of these on-farm experimental plots.  

Q methodological strengths for innovation brokers   
From a methodological standpoint, Q offers several strengths regarding innovation brokers’ 
functions. These strengths are:  
  

• the examination of subjectivity within an objective framework, based on a clear 
structure and process, which can bring clarity to the typical complex and socially contested 
topics at stake and therefore enhance communication and negotiation within the MAIN;  

  

• the emphasise on the active and engaging role of actors along the data gathering 
process, which stimulates their reflection upon their beliefs, thoughts, perceptions and 
state of mind; this holds the potential benefit of increasing actors’ awareness and 
understanding of the topics – i.e. action research –, enhancing change management and 
other sensitive organisational issues;  

  

• the ‘bottom up’ or ‘self-interpretative’ nature of the emergent shared viewpoints, since 
Q Factors directly results from the ‘undeconstructed’ Q sample and Q sorts formulated by 
actors; this allows avoidance of the risky bias of innovation brokers’ assumptions about the 
way understandings are structured;   

  

• the focus on actors’ shared viewpoints whilst considering their individual viewpoints; 
this allows  integration of the personal and the social viewpoints in a coherent manner 
(Watts, 2009).  

  

• the equal consideration of all voices and viewpoints in the Q analysis process, which 
is particularly useful to elicit marginalised and ‘silenced’ viewpoints within a MAIN.  

  

• and finally, the discovering of both expressible and ‘hardly’ expressible’ (and thus 
hardly discoverable) aspects underlying actors’ worldviews.    
Emotional dimensions are often illustrative examples of hardly expressible aspects, i.e. 
that have significant influence on innovation processes (Schön, 1983; Van Dam, 2009) 
- e.g. emotional commitment, a key aspect of leadership for innovation -, but still often 
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missing from the analysis of innovation success and failure stories - see Anderson et 
al. (2014) for review on innovation analysis.  

 
The ‘unsayable’ nature of these aspects can either come from the fact that they are, at first 
sight, considered as having no influence on actors’ worldviews/behaviours regarding the topic 
at stake, or either because they are deeply anchored in individuals sub-consciousness. Q is 
a convenient way to bring hardly discoverable aspects to light while other methods based on 
open-ended interviews would struggle to do so; let’s remember that Q has been developed 
by a psychologist!   
  

All these valuable and original assets can, however, only be effective through the meticulous 
and properly sampling of the statements about the topic at stake (Paige & Morin, 2016): 
people can ‘tell a story’ only if they have the appropriate statements with which to tell it. First 
and foremost, the Q analysis thus has to be conducted in a study context whose objectives 
must be clearly defined.   

Q methodological limitations for innovation brokers and recommendation   
In terms of limitations, Q has been criticised for lacking generalisability (Van Exel & de Graaf, 
2005). However, Q does not claim to provide findings that can be extrapolated across a 
population, “the results are the distinct subjectivities about a topic that are operant, not the 
percentage of individuals (...) that adheres to any of them” (Van Exel & de Graaf, 2005, p.3). 
Besides, Q study findings have been shown to be reliable and stable over time (Brown, 1980; 
Stephenson, 1953) but, crucially, only in the shared viewpoints expressed, rather than in the 
individual Q sort arrays. This leaves Q sorters free to change their minds whilst expecting the 
emergent manifold of shared viewpoints to show a degree of consistency over time 
(Fairweather & Rinne, 2012; Watts, 2005).  
  

The real limitation of Q to assist innovation brokers rather lies in its inability to address actors’ 
relationships, and thus not to capturing the dynamics and the actors ‘agency’ within a network. 
Yet balancing relationships within a MAIN also constitutes a key enabler of its performance - 
see Klerkx & Aarts (2013) for further details. We close this paper by suggesting a more holistic 
methodological framework allowing us to overcome this limitation: the combination of Q 
methodology with Social Network Analysis2  - SNA (Kolleck, 2013). While to our knowledge 
Q has never been combined with SNA, their complementarity would enable innovation brokers 
to embrace together the deep understanding of actors’ worldviews and relationships, and 
therefore to better take up challenges, dilemmas and paradoxes disabling the interactive 
innovation process (Klerkx & Aarts, 2013; Pittaway et al., 2004).  
  
Conclusion  
We addressed the opportunities of Q Methodology for empirical agricultural innovation system 
studies. This led us to consider the potential role of Q in analysing and supporting innovation 
processes within multi-actor innovation networks. We argued that Q is a fitting and promising 
tool to assist innovation brokers with building capacity for collective innovation and preventing 

                                                      
2 Social network analysis allows mapping of institutional linkages, visualising relationships between actors, and 
assessing the position of actors within the network – in terms of centrality, number of ties, strength of ties – 
(Spielman et al., 2011).   
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innovation network failures. However, Q remains limited to provide actors’ worldviews without 
addressing the relationships between these actors. To overcome this limitation, we conclude 
that Q Methodology may be even more valuable when combined with Social Network 
Analysis. This refreshing and holistic approach holds the potential to support innovation 
brokers to arrive at shared visions, well-established linkages and information flows amongst 
different actors, conducive incentives that enhance well-developed human capital, and hence 
innovation network performance. Our sense is that this novel methodological framework is a 
path worth exploring in (agricultural) innovation network studies.  
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Abstract: The idea underpinning EIP-AGRI of linking producers and users of knowledge and 
promoting their interaction around problem-solving is well grounded on the evidence provided 
by the ‘innovation systems’ and related literature. Evidence gaps that matter to the 
implementation of the EIP-AGRI activities comprise the lack of knowledge regarding the best-
fitted network configuration for different farming systems and farming styles, and the nature 
and effectiveness of a facilitator function and role to bridge communication between 
researchers and farmers. This paper contributes to the filling of the evidence gap regarding 
the networks’ configuration best-fitted for different farming systems and farming styles and 
providing insights into the facilitator relevance and its desirable profile, building on the 
evidence collected for a concrete network: the Portuguese Cluster of small fruits (CSF). The 
small fruit sector is a novel sector in Portugal that in recent years has attracted  a large number 
of new investors, in particular newly-established, small-scale, inexperienced producers. A 
social network analysis (SNA) approach has been used to depict the different actor´s positions 
and interactions in the network focusing on the knowledge flows involved in the creation and 
exchange of knowledge. The insights provided by the CSF analysis emphasise that 
agglomeration economies based networks, which are very important in some agricultural 
sectors (e.g. fruit, wine) and in countries or regions where small-scale farming is significant, 
can in fact be the basis for knowledge and innovation networks in the sense wanted by the 
EIP-AGRI, since inclusiveness and facilitation functions are properly accounted for. 

Keywords: Agriculture, knowledge and innovation networks, agricultural knowledge and 
innovation systems, clusters, EIP-AGRI 

Introduction 

Innovation has been placed at the heart of the Europe 2020 strategy for growth and jobs (CEC, 
2013). The European Innovation Partnerships (EIPs) are an innovative tool launched recently 
by the European Union (EU) to tackle major societal challenges that look for solutions by 
building on the networking and interaction between actors from the research chain and the 
innovation players. The EIP on agricultural sustainability and productivity (EIP-AGRI) is one 
of the five EIP launched by the EU. The EIP-AGRI (EU SCAR, 2013) relies on the innovation 
systems theoretical approach (Lundval, 1992; Cooke et al., 1997; Audretsch, 1998; Asheim, 
1999) that envisages innovation as a part, as well as the result of, interactive learning 
processes involving multiple actors. Within this approach, multi-actors knowledge networks 
are the basis for innovation processes taking place at the territorial level. EIP-AGRI activities 
focus on enhancing the network of producers and users of knowledge, which includes farmers, 
researchers, advisors, businesses and other individual and collective actors whose interaction 
generates “new insights and ideas, and mobilises existing tacit knowledge into focused 
solutions” (EU SCAR, 2013 p.25). Hall (2009) endorses the importance of incremental 
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innovation focused on problem solving or the constant minor adjustments and improvements 
that farmers make to succeed. 

The link between networking behaviour of firms from all economic sectors, including the 
primary sector, and their innovative performance has been established in the literature (e.g. 
Pittaway et al., 2004; Ritter & Gemünden, 2003; Nieuwenhuis, 2002). In addition, the research 
on ‘innovation systems’ highlights the importance of partner diversity to the innovative capacity 
of the networks. Research on the agricultural innovation systems also emphasises the critical 
role of actors’ heterogeneity (Wood et al., 2014; Eastwood et al., 2012; Oreszczyn et al., 
2010), and defines innovation as an outcome of open-ended interactions among various 
actors combining knowledge from many different sources (Wood et al., 2014; Klerkx et al., 
2010; Conroy, 2008; Klerkx & Leeuwis, 2008).  

The idea underpinning EIP-AGRI of linking producers and users of knowledge and promoting 
their interaction around problem-solving is therefore well grounded on the evidence provided 
by the ‘innovation systems’ and related literature. Evidence gaps that matter to the 
implementation of the EIP-AGRI activities comprise the lack of knowledge regarding the best-
fitted network configuration for different farming systems and farming styles, and the nature 
and effectiveness of a facilitator function and role to bridge communication between 
researchers and farmers. 

The FP7 EU project PRO AKIS encompassed among their goals exploring and identifying the 
possibilities, conditions and requirements of agricultural and rural innovation networks that 
constitute examples for the EIP-AGRI. A set of four case studies for in-depth analysis was 
selected across different European countries. This paper focus on the Portuguese Cluster of 
small fruits (CSF), one of the networks selected by the PRO AKIS project, given that it offered 
useful insights on how to design and develop knowledge and innovation networks able to cope 
with inclusiveness challenges.  

The paper contributes to fill the evidence gap regarding the network configuration best-fitted 
for different farming systems and farming styles and provide insights on the facilitator 
relevance and its desirable profile. 

The paper has two interrelated goals: (1) to present the configuration of the Portuguese CFS, 
by describing its structure, content and dynamics as a learning and innovation network; and 
(2) to discuss how the originality of this network regarding its inclusiveness might be kept in 
its future development in spite of the tensions evidenced towards the segregation of different 
groups of farmers. 

The paper is organised as follow: the next section presents the case study. Subsequent 
sections describe the methods and procedures applied in data collection; present and discuss 
the results; and finally offer some concluding remarks. 

The case study 

The introduction and expansion of the small fruit sector in Portugal is quite recent. It was 
launched in the nineties but its main expansion occurred in recent years, with the sector 
growing from a few hectares in 2009 to 1,150 hectares in 2015. Its recent explosion is largely 
due to the investment by new farmers; supported by EU funding to help young farmers settle 
into their production chain. Unemployment, and the lack of opportunities in other areas that 
have resulted from the economic crisis in southern European countries, have attracted 
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hundreds of young farmers (under forty years of age), often searching for a new life-style. 
They are mostly highly educated individuals but with little or no experience in the farming 
sector. Unsurprisingly, the small fruit sector is currently characterised by a huge demand for 
knowledge and information and by a strong dynamic to organise and deliver its supply.  

The sector is concentrated in two sub-regions: southern and central-northern Portugal. Figure 
1 shows the geographical location of the sector, as well its differentiation regarding the type 
of berry specialisation profile. 

 

 
Figure 1. Main areas of production of small fruits in Portugal (Source: Madureira et al., 
2014) 
 

Both sub-regions offer favourable agro-climatic conditions for berry growth and differentiation 
at European level due to better taste, colour and ripening time. Together, they constitute the 
national small fruit commodity chain which has international markets as its main destination. 
However, the two sub-regions present distinctive characteristics regarding the sector 
organisation, the profile of their producers, and the accumulated expertise and ability to 
mobilise knowledge and to innovate. The southern area is characterised by larger and 
specialised exploitations, including farm-based organisations producing in association with a 
multinational company. The central-north is dominated by small farms, by the mono-
production of blueberries and by the sector novelty experience in the area. Hence the former’s 
position as a supplier of knowledge and skills while the latter is viewed as being highly in need 
of both.  

The Portuguese Cluster of small fruits (CSF) was launched in 2013, resorting to public funding 
to agglomeration economies (creation of sectoral clusters). It was led by a sectoral 
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association, which is the main network facilitator along with other three partners. It is a 
multipurpose network focused on the berry sector organisation at national level. Its major 
concern is to ensure the sector’s competitiveness and sustainability. Knowledge and 
innovation are key factors to achieving these goals, given the huge knowledge and information 
gaps in the sector caused by its novelty and lack of tradition along with the entry into the sector 
of hundreds of small and inexperienced producers.  

The CSF is therefore mainly a knowledge and innovation multi-actor network with a singular 
configuration: it tries to benefit from the know-how and expertise of experienced pioneer 
producers, while transferring the same to the less or completely inexperienced producers in 
the central-northern sub-region. The former producers, which are mostly located in the 
southern sub-region of the country, have already well-established informal and transnational 
knowledge exchange networks. Hence, the study of the CSF offers an opportunity to 
understand the role of clusters as a tool for clustering knowledge generation and diffusion 
beyond a localised level (Porter, 2000; Marshall, 1920). In addition, this network presents the 
opportunity to understand how extra-cluster knowledge exchange and learning can determine 
the success of intra-cluster flows (Guilianni & Bell, 2005).  

The CSF is a horizontal nationwide network; its coordination structure comprises the main 
facilitators of knowledge sharing and diffusion processes. It is composed of both experienced 
and inexperienced producers and a diversified set of other actors, such as: private agricultural 
advice companies; independent consultants; several FBOs (cooperatives, farmers’ groups 
and associations); and up and downstream industry firms, among others. Table 1 illustrates 
the diversity of actors within the Portuguese berry sector. 

Due to it being an export commodity (its domestic consumption is recent and still residual), 
berry production needs to be concentrated to attain export scale. This situation generated a 
dynamic for an agglomeration economy, although it also entailed in the central-northern sub-
region an increasingly large number of small and fragmented organisations (such as producer 
groups, farm-based small firms and other business models in general) that are also offering 
technical advice to their members and/or selling advisory services to other producers. Hence, 
this network offers a good example for EPI-AGRI, given that it has been created to overcome 
the sector challenges regarding its productivity and sustainability (which underpin its 
competitiveness within the global markets), and to address simultaneously the risks faced by 
the sector competitiveness due to the massive entrance of the small-scale and inexperienced 
producers. 

Table 1.  Major actors and their roles in the small fruit sector  

Actors  Description of their role in small fruit sector 
Independent producers Production 

Private companies  
Micro  
SME 

Berry production, harvest and/or trade  
Storage, processing and transformation 
Advisory services (technical support, accounting, marketing, 
certification) supply 
Advisory services  supply  for application to PRODER incentives, 
direct payment, project installation  

Producer groups Berry  production, harvest and trade  
Cooperatives Knowledge transfer (creation, storage, conversion and sharing) 
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(Source: Madureira et al., 2014) 

Methods and data collection 

The methodological approach adopted for data collection encompassed three phases: 

 in the first phase (aimed at understanding and mapping the actors of the Portuguese 
small fruit sector), an exploratory study was carried out that included a number of 
different steps, from the collection and systematisation of the latest news and events 
taking place in the sector, to the direct observation and participation of the research 
team in some of those events (e.g. meetings of producer groups, the Blueberry 
National Fair and sectoral workshops related to production and harvesting techniques); 

 during the second phase the team of researchers participated in meetings involving 
the facilitators of the CSF. These meetings allowed for the collecting of information on 
the CSF foundation, previous informal networks and ties, understanding the facilitator’s 
role and to identifying and mapping all the actors involved in the network; 

 in the third phase an exploratory-descriptive approach was chosen to gather 
information about the structure, content and dynamics of the network. For this phase, 
two different interview guides were constructed and applied through questionnaires: 
one for the participants and the other for the facilitators. This script was also applied 
using a matrix to record relationships and interactions between actors and the flow of 
knowledge/information, whether in the process of creating, sharing or storing 
knowledge. These interviews took place on site, lasted on average 60 minutes and 
were set up by prior contact via email and telephone so that respondents were aware 
of the objectives of the study and the type of information to be collected. The sample 
selection distinguished the actors involved according to the criterion ‘role in the 
network’ and contemplated the following groups: ‘facilitators’; ‘suppliers of knowledge’;  
and ‘knowledge demanders’. The sample selection was random and resulted in: three 
interviews with ‘facilitators’, nine interviews with ‘suppliers of knowledge’ and 24 
interviews with small farmers (‘knowledge demanders’). 

To carry out the analysis of the social network, supporting the flow of information in the process 
of creating, sharing and storing knowledge, Social Network Analysis (SNA) methodology was 
adopted (for a more detailed description see Hanneman & Riddle, 2005 or Wasserman & 

Supply of advisory services (technical support, accounting, 
marketing, certification) 
Berry  harvest and trade  

Farmer associations Support and sectoral promotion 

Sectoral associations  
Promotion and support of knowledge creation and exchange 
Support and sectoral promotion 
Internationalisation and innovation promotion  

R&D public institutions Knowledge creation, storage, conversion and sharing 
R&D private institutions Knowledge creation, conversion and sharing 
Local governments Supporting and encouraging enterprising farmers (land banks, 

business incubators, licensing new projects), territorial marketing 

Public regional advisory 
agencies  

Providing  support  to project installation management and technical 
advice 
Knowledge transfer (creation, storage, conversion and sharing) 
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Faust, 1994). SNA is based on mapping and characterising the relationships that are 
established as a result of the interactions between different actors and/or groups of actors. 
The analysis of the interactions between the actors allows us to look into: (1) interaction 
patterns within the network; and (2) knowledge flows (central actors, direction and intensity). 
The specific software for SNA, the Ucinet (version 6), working directly with another program, 
the NetDraw, was used with the purpose of drawing the graphs of the networks under study. 
The main purpose of adopting the SNA methodology was to obtain well-founded insights 
regarding key actors and the intra-network and external interactions that explain some of the 
relevant processes of knowledge creation, sharing and storage, taking place in the network. 

Results 

Actors, roles, interactions and the network configuration 

The CSF players can be grouped into four major categories: 

 there is a core group of four organisations that coordinates the network and includes 
their key facilitators;  

 a second group of members is a larger and more diverse one, encompassing 
independent producers, producer groups, small and medium firms of producers and 
others, cooperatives, farmer associations, private advisors, project developers and up 
and downstream firms, (among others) which are directly or indirectly responsible for 
the knowledge, expertise and information supply. This group also includes regional 
agencies of the Ministry of Agriculture and, to a lesser extent, researchers and 
universities. The experienced pioneer producers (independent or members of profit 
and non-profit producer groups) stand out within this supply-side group. Our rough 
estimates suggest there are around 15 people/organisations. The latter are vital to 
CSF insofar as they are the main knowledge and expertise suppliers, while being 
simultaneously innovation-led producers, ergo fundamental to encourage innovation 
processes within the network; 

 the third category of actors comprises the inexperienced producers. This is the largest 
group, with hundreds of producers, although not all of them participate in CSF 
activities. Among this group there are some active knowledge searchers but the 
majority are apparently passive recipients of information.  

 the local governments and local development associations of central-northern region 
constitute the fourth group of actors in the SFC network. They act mainly as enablers 
and supporters, promoting the settlement of new producers and acting as lobbyists in 
favour of the sector. 

Figure 2 represents the interactions among the interviewed actors of the CSF network, based 
on the SNA methodology for data gathering and mapping. In Figure 2, the actors are identified 
according to their level of experience and type of activity and described as follows: 
experienced and inexperienced producers, producer groups (both profit and non-profit), 
cooperatives, the public regional agency of the Ministry of Agriculture and the three members 
of the core coordination group of the CSF that are relevant for the knowledge flows within this 
network i.e. the small fruit sectoral association, the R&D private and non-profit organisation, 
and the R&D public institution. The grey circles are the network nodes (the interviewed actors) 
and the grey squares represent the actors they preferred to be linked with. The grey lines 

957



 

represent the ties, with the direction (arrows) indicating to whom the actors direct their main 
interactions.  

 

 
 

Figure 2. Interactions among the SFC network interviewed actors. (Source: Madureira et 
al., 2014) 

The analysis of the sociogram depicted by Figure 2 illustrates four important features defining 
the configuration of the CSF network. Firstly, the dichotomous relationship between 
experienced and inexperienced producers, in which the later are clearly the demanders for 
knowledge, expertise and information, and the former play the role of active supply-side 
exchangers. Secondly, the polarisation of the network around two central actors - the sectoral 
association (ID1) coordinating the CSF located in the central-northern sub-region and the ID9, 
a medium independent producer located in the southern sub-region - reflecting the 
geographical fragmentation of the network. Thirdly, the importance of the sectoral association 
(ID1), producer groups (e.g. ID2, ID3 and ID4) and the regional public advisory agency (ID7) 
(all located in the central-northern sub-region) as facilitators, intermediating the interaction 
between inexperienced producers and the researchers and the experienced producers, as 
well as overcoming the geographical fragmentation. Fourthly, although the CSF appears to be 
an inclusive network, bringing on board the small inexperienced and mostly new-established 
producers, the sociogram suggests there are probably a relevant number of isolated 
inexperienced producers (IDs 17, 25, 26, 28, 29, 30, 32 and 36). These producers’ isolation is 
probably due to lack of time (in view of their status as part-time farmers) and/or their passive 
attitude towards seeking knowledge and expertise. 

The spatial fragmentation of the network is illustrated by Figure 3. Another challenge faced by 
the network, in addition to the geographical distance between suppliers and demanders of 
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knowledge, is that there is a cognitive distance between experienced and inexperienced 
producers: the former have knowledge needs on a superior scale in comparison with the latter. 
Less or inexperienced producers are mostly small-scale farmers, looking for basic knowledge 
and expertise related to topics such as orchard planting, berry farming practices and cultivation 
and harvesting techniques. Their main motivation is to be successful in the planting and 
maintenance of the orchards, ensuring the quality standards required by the buyers or FBO 
assemblers they are linked to.  

 

 

Figure 3. Spatial configuration of the SFC network’s actors. (Source: Madureira et al., 
2014) 

Geographical distances and asymmetries in the knowledge needs and demands of the two 
groups of producers create imbalances that threaten its cohesion and sustainability. The 
triangular configuration of the coordinating structure of the network, including the sectoral 
association, two R&D institutions, and a partner association focused on the international 
promotion of the sector, appear to have been a wise governance model, being able to tackle 
the tensions caused by the imbalances just mentioned. Pre-existing relationships and ties 
between producers, advisors and researchers (established during the pioneering period when 
the berries were introduced into Portugal in the nineties), created a number of strong informal, 
personal and interrelated networks, which appear to  be the critical cement for the network 
governance cohesion. The importance of ‘persons’ rather than ‘roles’ is acknowledged as a 
key aspect for the success of communication within the farmers’ networks (Wood et al., 2014). 
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The network facilitators have a significant role in mobilising experienced producers, for whom 
inter-personal liaisons appear to be essential, to ensure their participation. In fact, producers 
are motivated to participate in the network by their concern with safeguarding the (good) 
reputation Portuguese berries enjoy in the export market destinations. The inexperienced 
farmers are mobilised to participate by the intermediate facilitators, whose job is made easier 
by the former’s acute needs for knowledge and skills to plant, cultivate and harvest the berries.  

The learning activities promoted by the CSF (mainly directed at the inexperienced and newly 
established producers) include thematic workshops, open days, fairs, and technical visits to 
‘best orchards’, involving experienced pioneer producers as trainees, tend to be very much 
valued by the former group of producers. This confirms that learning from/with ‘peers’ who 
communicate knowledge and information on a common ground, built on empirical experience, 
facilitates the overcoming of the cognitive distances (Nooteboom, 2000), and enhances 
innovative behaviour by mimicking the innovation-led producers from the southern sub-region. 

Interaction among small-scale producers, enhanced by the CSF activities, creates huge 
networking opportunities, also involving other actors (e.g. advisors or researchers) that often 
lead to informal collaborative innovation processes driven by the goal of solving practical 
problems. Collective learning processes among small-scale producers enhanced by the 
network are very important for the creation (accumulation and storing) of knowledge about 
local responses regarding varieties of berries and farming practices (e.g. irrigation, plant 
protection). Available scientific and synthetic knowledge relates to very distant contexts, such 
as central-northern Europe or the US and Canada. On the other hand, networking enhances 
inter-personal relationships and social learning processes that are often the result of informal 
sub-networks led by the small-scale producers. These informal sub-networks offer an effective 
platform for the co-creation, conversion and sharing of knowledge and information oriented 
towards problem-solving. In addition, they provide actual opportunities for resource sharing, 
and consequently cost reduction, especially as product transportation and other logistic 
operations are concerned. Simultaneously, they are a way of creating agglomeration 
economies through informal cooperation and product assembling (i.e., examples of marketing 
and value chain innovation). The case study also illustrates how a problem-solving approach 
enhances the farmers’ networking and innovative behaviour with a broader scope, comprising 
the marketing and organisational innovation. Hence it offers some insights on the research 
gap highlighted by Viaggi and Cuming (2012) - that there is lack of evidence on the connection 
between the commercialisation networks (very relevant in sectors such as fruit production) 
and innovation - by showing that marketing and value chain innovation can be induced by 
knowledge and learning networking. 

The CSF illustrates how social interaction becomes a powerful tool capable of enhancing 
systemic innovation (Knickel et al., 2009) - that is mostly incremental in its nature - and 
resorting to processes of imitation and informal collective learning experiences to solve 
practical problems, within which farmers act as knowledge co-creators and exchangers. 
Nonetheless, different innovation patterns can be identified, namely when comparing 
experienced innovative producers with others that are small-scale and inexperienced. To a 
large extent, the former rely on incremental innovation processes, products and marketing. In 
their innovation processes, they combine scientific, synthetic and tacit knowledge (cf. Asheim 
& Coenen, 2006), aiming at continuously improving their production practices (e.g. irrigation 
and fertiliser dosing and timing) and adjusting their products to market demand. In the case of 
mature producers, collaborative innovation processes take place in their own networks, 
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involving other experienced producers (national and abroad), buyers and researchers who are 
largely outside the CSF. However, their innovation outcomes are used intra-network by some 
of the small-scale and inexperienced producers through imitation/adaption of innovation 
processes, facilitated by the CSF, for instance by the technical visits promoted by the network.  

Common goals, tensions and dynamic of the network 

In spite of the divergence in the participant producer expectations towards the CSF there is 
compatibility of objectives in the network. There is clearly a dichotomy in the participants’ 
expectations: on one side, experienced pioneer producers expect their participation will help 
safeguard Portuguese berries’ brand reputation;  and, on the other side, inexperienced 
farmers hope to get knowledge, expertise and information that will help them meet producers’ 
and buyers’ quality challenges. Hence, despite different expectations for joining the network, 
the underlying goals of these two types of producers are actually convergent. In addition, 
individual goals and the collective objective of the network of guaranteeing the 
competitiveness and sustainability of the berry sector are compatible. Therefore, while there 
are different expectations and goals among individual actors, these appear to concur to the 
network overall goal, thus giving it social cohesion. However, there are a significant number 
of small-scale producers (as suggested by Figure 2) who chose not to participate in the 
network and who, on account of their lack of knowledge and experience and the fact that they 
work alone, may endanger the collective goal, particularly as regards the sector’s 
sustainability, for they may adopt less adequate varieties and/or incorrect farming or selling 
practices.  

On the other hand, some experienced producers joined the network with feelings of distrust 
and chose to keep themselves on the side lines. While the attitudes and behaviour of the latter 
do not compromise the network overall goal, their full participation could boost its outcomes, 
namely as far as filling in the learning needs of inexperienced farmers is concerned.  

CSF presents experienced producers an insufficient offer and is still not able to attract a 
relevant number of small, inexperienced producers, especially those with less time and/or 
interest in knowledge demand processes. These tensions are a threat to the network cohesion 
and suggest that inclusiveness is still a challenge not completely resolved. However, the major 
threat relates to the transition from the cluster to the operational groups to be created in the 
frame of EIP-AGRI funded by the Portuguese RDP, similar to what is happening in the other 
member states.  

The EIP-AGRI is being implemented through a variety of public funded actions aimed at 
creating networks involving researchers, farmers, and other actors, focused on creating 
solutions to challenges related to agricultural sustainability and productivity adjusted to the 
diversity of farming systems and farm styles across Europe. The operational groups (OGs) 
are the operational framework at the member states level to join the research and innovation 
actors driven by the solving of concrete problems. The OGs are funded by the rural 
development programme (RDP) of each country which defines: 1) priorities with respect to the 
nature of the problems (goals and contents of the OG); 2) the OG structure (e.g. number and 
type of actors to be involved); and 3) the amounts and the typology of actions to be eligible for 
public funding. 

The lessons learned from the study of the CSF appear to be quite valuable when it comes to 
guiding the requirements related to the OG configuration, namely to avoid its geographical 
fragmentation. This is likely to happen due to the segmentation of the producers according to 
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the two sub-regions: central-northern and southern. The network segregation by sub-regions 
and groups of producers i.e. experienced pioneers and inexperienced/newly-established, will 
cause the loss of its original inclusiveness feature. This feature has been shown to be 
particularly important given that it allows the linking of these two groups of heterogeneous 
producers by resorting to the knowledge and expertise of the experienced pioneer producers. 
These are shown to be able to convert analytical and synthetic knowledge (scientific and 
technical) into empirical tacit knowledge, relying on their informal knowledge networks with 
Portuguese and international researchers and with other innovation-led producers (illustrated 
by Figure 4). Their facilitation role is obvious. They bridge the communication between 
research and inexperienced producers looking for local-specific empirical knowledge. They 
are actually the knowledge and innovation brokers. The ‘formal’ facilitators in the network are 
equally important, given they bring on board the experienced and pioneer producers. 
Meanwhile, some of the newly-established producers can take over that role, but time is 
needed for that, so the current configuration of the cluster is critical to boost the sector in the 
central-northern sub-region. 

Figure 4 is a sociogram representing the CSF network drawn by aggregating the actors 
according to their characteristics, which allows for visualising the network border and the extra-
cluster actors and interactions with the intra-cluster ones. 

 
Figure 4. SFC network interactions according to the categories of actors.  (Source: 
Madureira et al., 2014) 

Figure 4 makes clear the importance of facilitators, both the ones that enable the 
communication bridge (the experienced producers and some advisors and more empirical 
researchers) and the ones that bring people together, building on their networking ability. Yet, 
to sustain this inclusive network model, which relies to a large extent on the ‘good will’ of many 
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actors (namely the experienced pioneer producers), investment is needed into the knowledge 
and innovation infrastructure enabling it to deliver the converted local-specific knowledge also 
needed by the latter group of producers.  

Concluding remarks 

The study of the Portuguese CSF offers interesting insights into how to design and develop 
inclusive knowledge and innovation agricultural networks. It contributes to research gaps with 
respect to the configuration and the facilitation role of this type of network to enhance the 
farmers’ innovative behaviour. The lessons learned are also relevant at the policy 
recommendations level, in particular concerning the operationalisation of the EIP-AGRI 
regional and local actions to be funded by the national RDP in cases, such as the Portuguese 
one, where the knowledge and advisory infrastructure is poor and fragmented (Knierim et al, 
2015; Madureira et al., 2014) and where there might emerge the temptation to use temporary 
funding of networks to fill structural holes. It also appears to be  useful in contexts where the 
farmers’ knowledge demand is high, for instance due to the presence of a substantial number 
of new-entrants in the sector and/or the investment in novel sectors, a situation that will tend 
to happen across Europe due to the dynamic in the consumer preferences, markets and 
climate change. 

The lessons learned can be summarised as follows: 

 The CSF illustrates that the facilitator function is important and that it may assume 
different configurations: a) the bridging communication facilitators who broker analytical 
and synthetic knowledge delivered by researchers; and b) the facilitators that enable the 
bridge between different actors. 

 Pioneers, best farmers or innovation-led farmers appear to be good bridging 
communication facilitators, in particular when networks are unbalanced with respect to the 
knowledge needs and demands, such as in the case of networks addressing the needs and 
demands of newly-established, novel sectors, small-scale and other farmers’ populations, 
or groups with limitations to access and to mobilise directly the scientific and technical 
knowledge. 

 The inclusiveness can be a critical feature of knowledge and innovation networks 
focused on productivity and sustainability gains, such as the case of the OG designed under 
the EIP-AGRI framework, because when there is a segregation between farmers with more 
access to scientific and technical knowledge and ones with less, the goals of EIP-AGRI will 
be only be attained to a limited degree. 

 Inclusiveness can be achieved by knowledge and innovation networks in spite of 
geographical and cognitive distances, when farmers share common goals such as the 
competitiveness of the sector, showing that national clusters might make sense and be 
helpful to enhance sectoral competitiveness built on farmers’ innovation, which is boosted 
by networking based on multi-actor networks. 

 Imbalances and tensions within knowledge and innovation networks caused by 
geographical and cognitive distances between key actors might be surmounted with wise 
governance structures, namely through the inclusion of best/pioneer farmers and ensuring 
the representativeness of the different types of actors: sectoral associations, advisory 
services and researchers. 
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The insights provided by the CSF analysis emphasise that agglomeration economies based 
networks, which are very important in some agricultural sectors (e.g. fruit, wine), and in 
countries or regions where small-scale farming is significant, can in fact be the basis for 
knowledge and innovation networks in the sense wanted by the EIP-AGRI, since inclusiveness 
and facilitation functions are accounted for properly. 
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Abstract: The implementation of the EIP-AGRI differs between the several federal states of 
Germany. This paper provides an overview of the current state of implementation of the EIP 
approach in Germany. The authors are involved in the implementation of the EIP-AGRI in two 
federal states in different ways: in Hesse the Institute for Rural Development Research (IfLS) 
is commissioned as the ‘innovation support service’ and in Baden-Württemberg as the 
evaluator of the EIP-AGRI approach. The paper presents the state of the implementation of 
the EIP-AGRI approach in Germany and compares the requirements and regulations of EIP-
AGRI funding in the context of the two federal states’ Rural Development Programme of Hesse 
and Baden-Württemberg. The third part of the paper focuses on the assessment concept for 
the evaluation of the EIP-AGRI in Baden-Württemberg. 

Keywords: Innovation, assessment concepts, evaluation, operational group, innovation 
support service, implementation, RDP, EIP-AGRI, network 

Introduction and Outline 

EIP-AGRI  
In the context of the Europe 2020 Strategy, European Innovation Partnerships (EIP) were 
established to foster research and innovation in the EU. The EIPs in general are challenge-
driven and should create societal benefits and improvement. Overall, five EIPs have been 
created in different sectors: active and healthy ageing; water; raw materials; smart cities and 
communities; and agriculture. Each EIP has specific aims. EIP ‘Agricultural Productivity and 
Sustainability’ (EIP-AGRI) tries to connect between research and farming practice (EIP 
Service Point, 2015). The EIP-AGRI was launched under the European Agricultural Fund for 
Rural Development (EAFRD). The aim is to accelerate innovations – defined as the 
introduction of inventions into the market – and to connect research and practice. This was 
done through Article 35 (cooperation) of Regulation (EU) No 1305/2013, which offers the 
possibility in the EAFRD to promote so-called Operational Groups (OG) and the 
implementation of innovative projects. The EIP-AGRI is implemented in the rural development 
programmes (RDP) of the Member States, in Germany at the level of the federal states.  

Furthermore, the EIP-AGRI is organised in a network of a range of actors that supports the 
approach in various ways (see Figure 1).  At the European level, the EIP-AGRI Service Point 
improves communication and cooperation between innovation actors through sharing 
knowledge, tackling challenges and connecting people. Among the tools, the so-called Focus 
Groups are to be mentioned. Groups of 20 researchers, farmers, advisors and other 
stakeholders work together and share knowledge and experiences to boost innovation. They 
are intended to function as an inspiration for Operational Groups (EIP Service Point, 2015). 

A more research-oriented approach is the EU Framework Programme for Research and 
Innovation – Horizon 2020. It also has a connection to the EIP-AGRI network. Thematic 
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networks and multi-actor projects are to support multinational innovation projects. The results 
of the projects are shared through the EIP-AGRI network (EIP Service Point, 2015).  

At the national level, the Member States’ rural support units also facilitate the communication 
and exchange between the various actors and participate in the EU activities. For example, 
the German National Rural Support Unit offers an online platform and a project database, as 
well as visits to connect the EIP actors in different federal states (Rocha, 2015). Finally, some 
Member States and regions have provided structures such as the ‘innovation support services’ 
to assist the Operational Groups in different ways (see below). 

 

Figure 1. Schematic illustration of the EIP-AGRI network (Source: based on Krause & 
Freese (2013); modified and translated by authors) 

Outline of the paper 
The results presented in this paper are based on practical experience with the implementation 
of the EIP-AGRI in the different federal states. The authors are part of the EIP network and 
have a good insight into the implementation process in Germany. 

Special emphasis will be placed on Hesse and Baden-Württemberg. The Institute for Rural 
Development Research is involved in the implementation of the EIP-AGRI in Hesse as the 
‘innovation support service’ and in Baden-Württemberg as the evaluator for the RDP. 

The paper is divided into three parts. First, the authors illustrate the status quo of the 
implementation in the German federal states. The paper then provides an overview of the 
Operational Groups funded in Hesse and tries to assess the given innovation potential. The 
third part of the paper focuses on the assessment concept for the evaluation of the EIP-AGRI 
in Baden-Württemberg. The authors describe the planned evaluation process with special 
emphasis on the implementation and support of transdisciplinary approaches, the 
enhancement of innovation clusters and the cooperation between the various stakeholders.  

Implementation of the EIP-AGRI approach in German federal states 
In Germany, the EIP-AGRI is implemented by twelve federal states (except Saarland and 
Hamburg) through the rural development programmes (RDP). In the following sections the 
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authors provide an overview of the implementation’s status quo in the federal states and focus 
on the funding conditions and implementation in Hesse and Baden-Württemberg. Finally, the 
work of the Hessian ‘innovation support service’ is introduced. 

Status quo of EIP-AGRI implementation 
The implementation of the EIP-AGRI in the twelve federal states proceeds differently. Nine 
federal states had already published their directives by March 2016 (see also Figure 2). It is 
expected that all federal states will adopt their directives until the end of 2016. The main 
differences between the directives are crystallised in the support rates: on the one hand 
between the rates for the running costs and the innovation projects; on the other hand, nearly 
all directives classify the support rates based on Annex I related to the Treaty on European 
Union and the Treaty on the Functioning of the European Union (Official Journal C 326, 
26/10/2012).  

The process of project selection is also different, as shown in Figure 2. Eight federal states 
provide a two-stage selection process. Four federal states use a one-stage selection. In the 
single-stage procedure, the Operational Groups submit a complete formal application. Two-
stage selection process means that the Operational Group has to submit a so-called action 
plan and a cooperation treaty as a draft at the first stage. If the action plan is approved and 
the Operational Group is chosen, at the second stage the chosen Operational Groups are 
invited to submit a formal application. Finally, the financial appointments between the federal 
states are also different (see Figure 3).  
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Figure 2. Differences in implementation and status of EIP-AGRI in Germany 
(Source: own illustration based upon a request of LfULG 2016) 
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Figure 3. Financial allocation for EIP-AGRI in Germany – planning and actual status quo 
(Sources: Rocha (2015), LfULG (2016), own request 2016) 
(Abbreviations: BB & BE = Brandenburg & Berlin, BW = Baden-Württemberg, BY = Bavaria, 
HE = Hesse, MV = Mecklenburg Western Pomerania, NI & BR = Lower Saxony & Bremen, 
NW = Northrhine-Westphalia, RP = Rhineland-Palatinate, SH = Schleswig-Holstein,  SN = 
Saxony, ST = Saxony-Anhalt, TH = Thuringia) 

Altogether the federal states have foreseen 119 million Euro funding for the EIP-AGRI and 
177 Operational Groups. So on average each federal state has planned ten million Euro and 
nearly 15 Operational Groups to become approved. Looking at the federal states the average 
subsidies vary between four million Euro (Hesse and Rhineland-Palatinate) and 25 million 
Euro (Brandenburg & Berlin). As Figure 1 shows, four federal states have already approved 
the first Operational Groups. These states have already approved between 25% and 55% of 
the planed funding for Measure 16.1 (EIP-AGRI). Currently, some federal states are 
considering increasing the initially planned funds.  
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So far, nine federal states have already called on actors from the sectors of agriculture, 
forestry, food economy, horticulture and viticulture to submit their innovative ideas. Four 
federal states have already finished the first turn (see above). Forty-eight Operational Groups 
have been approved. The first funding results indicate that this new instrument is well-
accepted by the actors.  

Hesse was one of the federal states to finish the first term and approve the first Operational 
Groups. For the first selection stage, Hesse used an additional informal process. Interested 
groups were asked to submit an expression of interest ahead of the kick-off event and present 
their idea during the event to find partners and additional ideas. Afterwards all interested 
groups received an offer for consulting services by the ministry, granting authority and the 
‘innovation support service’. These advisory services have been approved and are also 
offered in the second term.  

Three federal states have already finished the first stage. For example, in Baden-Württemberg 
twelve Operational Groups were chosen out of 31 applicants. At the next stage, the chosen 
groups have to submit more detailed information about their project. Apart from Hesse, Baden-
Württemberg promoted four specific topics and needs, which should be covered by the 
applicants. Hesse has focus themes in the regulation and the interested groups must 
demonstrate a connection to the needs of Hesse and a contribution to the EFRD priorities.  

In conclusion, most federal states are at some point of the implementation process of EIP-
AGRI and have communicated the funding conditions. The arrangements are nearly the same 
in the federal states. Nevertheless, it becomes apparent that there are many questions arising 
during the implementation process. The federal states try to face open questions by different 
working groups of the ministries, the granting authorities and the innovation support services. 

Operational Groups 
In this section the authors provide an overview of the seven Operational Groups in Hesse, 
their approaches to fostering innovation processes and the degree of novelty (routine1 , 
improvement2 or radical3 innovation; Hartschen et al., 2015) of the planned innovation.  

In Baden-Württemberg the Operational Groups are not yet officially established and approved.  

The thematic scope in Hesse is manifold, from boosting regional feedstuff, sustainable 
utilisation of ‘senior laying hens’, a sustainable productivity in the wheat sector, horticulture, 
and the control of plant diseases. With the first call, Hesse funds seven Operational Groups 
with nearly two million Euros. 

The Operational Group ‘Aromatic Mint’ focuses on cultivating and improving the quality of mint 
varieties with special aromas and additives in Hesse. Traditionally, Germany is among the 
most important locations for producing and processing medicinal and spice plants in Europe. 
In particular, medium-sized manufacturers who produce spices, aromas, food supplements, 
and herbal medicines hold a leading position at the international level. The expected output of 
the Operational Group are recommendations for the cultivation of mint varieties appropriate 

                                                      
1 Routine innovation offers an additional benefit of a product, optimizing existing properties or reducing 
production costs. 
2 Innovation by improvement: substantial improvement. Some properties are improved by 30%,  
3 Radical-innovation: new and high economic solutions. Are a paradigm shift and a permanent demarcation to 
competitors. 
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for the regional market of Hesse and Germany (IDL 2016a). The degree of novelty has to be 
assessed at the level of introducing new products which are suitable for the climatic conditions 
into a regional market. The level of novelty lies in the range of improvements. The established 
mint varieties could boost Germany’s and especially Hesse’s position in this market and could 
provide a competitive advantage in the medium term. 

Strengthening the Hessian agricultural production with declared local feeding stuff is at the 
centre of interest of the Operational Group ‘Value-added Chain of Domestic Soya in Hesse ’. 
There is a need to increase the usage of declared domestic animal feed. The consumer 
demand for animal-based food which is produced using domestic animal feed is rising. 
Livestock farms react to this demand and increase their efforts to use domestic animal feed. 
Furthermore, the requirements of society in regard to an environment- and climate-friendly, 
multifunctional agriculture, as well as the interests of Hessian farmers, support the approach 
to increasing the production of declared domestic animal feed. The production of soya in 
Hesse is also becoming economically attractive due to climate change and breeding progress. 
The aim of the project is to eliminate deficits along the value-added chain of domestic soya 
“from the harvest to the feeding trough” (IDL 2016b). Other federal states have established 
conversion lines or other levels of the value-added chain. The product could be a process 
innovation because the value-added chain can be improved in the project and it builds new 
possibilities to continue the whole chain in Hesse. If solutions are collectively developed within 
the project, the innovation is also to be seen as a management innovation. However, at this 
early stage of the project it is not possible to assess the level of innovation. 

The Operational Group ‘Organic Hen’ started from an ethical and economic point of view. The 
present situation i.e. that organically raised hens – after their laying period – are only used as 
an industrial property, is not satisfactory. Throughout their whole life period the laying hens 
are raised with a high level of dedication using high-quality organic feed. Although these 
conditions are reflected in high-quality eggs and meat, there are no processing structures 
which could take the high meat quality into account. The regional sale as classic soup hens 
(boilers) is not very attractive and other marketing options are rare. Furthermore, the market 
prices for soup hens are too low and do not allow for the quality of the product. Within the 
project’s scope innovative product lines should be discovered which satisfy the expectations 
of modern cooking behaviour alongside the highest quality standards. The objectives of the 
project are to contribute to a new awareness of the high meat quality of organically raised 
laying hens and to also stimulate the demand for them when their laying period is over (IDL 
2016c). The particularity of this Operational Group is that the members are actors along the 
value-added chain, mainly farmers. Additionally, associated partners from scientific institutions 
are included in the project. The members created a cooperative for the lead partnership able 
to work together beyond the funding period. This innovation project is a classical product 
innovation by improvement of the use.  

The aim of the Operational Group ‘Establishment of a More Sustainable and Environment-
friendly Wheat Value-Added Chain’ is to reduce soil fertilisation by nitrogen. The objective of 
the project is to establish an ecologically sustainable certified system of an adapted use of 
nitrogen along the value-added chain of baking wheat in the Wetterau model region (IDL 
2016d). The innovation level is mostly routine innovation because the additional benefit has 
to be seen in the improvement of the environmental impact and the economic benefit in saving 
fertiliser.  

973



 

The root disease caused by the fungus Rhizoctonia solani is a fundamental problem in the 
production of plant material for potato growing because for a successful cultivation healthy 
plant material is of very high importance. The Operational Group ‘Development of Professional 
Practice and Optimisation of the Logistics Chain to Control the Pathogen‘ focuses on 
transferring research findings into practice, testing and improving them for the application in 
the field (IDL 2016e). This process innovation can also be regarded as an improvement in the 
realisation of competitive advantage. 

Two Operational Groups are dealing with horticulture. One of them tries to solve the problem 
of ‘yellow wilt’ on lamb’s lettuce (IDL 2016f). Until now it has not been possible to identify the 
reason for the disease’s occurrence or to find scientific solutions. If the Operational Group can 
develop mitigation strategies, the innovation level can be considered as an improvement.  

The second horticulture group, ‘Innovation in Decision-making Support for Irrigation of 
Outdoor Vegetables’, optimises and expands a support system for irrigation. The degree of 
novelty for this service innovation is located between improvement and routine or basic 
innovation. 

In summary, most of the Operational Groups develop process innovations. Most groups are 
expected to reach the innovation degree of an improvement. The Operational Groups address 
issues at different levels. Some address specific problems and solutions relevant for a small 
geographical scope (Hesse or parts of it), but most Operational Groups address questions 
which are relevant beyond the Hessian borders and can be used by farmers in other regions. 

Innovation support service in Hesse 
The innovation support services are established in different ways. Five federal states have 
found internal solutions and five federal states have tendered the innovation support services. 
Hesse decided on the external solution and in 2014 assigned the Institute for Rural 
Development Research in Frankfurt/Main for the whole Measure 16. The tasks are financed 
under technical assistance and not as part of the Measure.  

The task of the innovation support service in Hesse is to support the managing authority for 
the Hessian RDP in implementing Measure 16 (including 16.1, 16.4, 16.5, 16.7). For this 
purpose, the service provider cooperates with the responsible ministry, granting authority and 
the institutionalised agricultural extension services, the ‘Landesbetrieb Landwirtschaft Hessen’. 
Furthermore, the innovation support service creates input for information and publicity, e.g. 
developing and designing leaflets, publishing articles and hosting events to inform and activate 
stakeholders. 

The innovation support service is the first contact point for interested stakeholders and 
connects the different actors during the application and realisation phase. The intensity of 
consultation is high and the support service tries to harmonise the ideas of the stakeholders 
and the expectations of the EIP-AGRI. 

Evaluation approach of EIP-AGRI in Baden-Württemberg 
The implementation of the ongoing evaluation process in Baden-Württemberg is just starting 
and the methods and milestones have not yet been finally agreed. Up to now the range of 
topics and main evaluation questions have been discussed among the evaluator and the 
responsible administration for EIP-AGRI.  

974



 

In the following section, general considerations of the focal issues of the evaluation of EIP-
AGRI will be discussed. After this, potential evaluation methods and a first evaluation scheme 
for Baden-Württemberg will be presented. 

General considerations 
Fundamental considerations are necessary regarding the evaluation of innovations and 
innovation processes. For the funded innovations themselves their degree of novelty (routine, 
improvement or basic innovation) and their range of change are of special interest (Hartschen 
et al., 2015). Related questions are: was it possible to realise incremental innovations of 
established products or processes?; was it also possible to trigger even radical innovations, 
which involve entirely new applications and processes? Furthermore, it should be of interest 
to determine if appropriate projects include a whole innovation process from the initiation 
phase up to the launch or if they focus on individual phases of the innovation process. As a 
result, this case raises the question of whether funded projects are capable of shortening or 
accelerating innovation cycles. 

Another aspect is the degree of transdisciplinarity of the funded approaches. Here the question 
is who pointed at the problem to be solved or the task and who cooperates for its solution. 
Ideally, socio-economic and scientific issues are merged and a research subject is developed 
in such a manner as to have a high connectivity to practical and scientific methods and 
approaches (Jahn, 2008). Finally, it is of interest whether through funded actions permanent 
cooperation between agriculture, industrial companies and science can be encouraged and 
possible innovation clusters on individual projects established. 

The main question in evaluating EIP-AGRI is, to which extent innovation, cooperation and 
building the knowledge base in rural areas were supported by the funding programme 
(Commission of the European Communities, 2014b). To answer this question the 
implementation of the funding programme, the selection of projects and their results and 
effects have to be examined in more detail as part of the evaluation. In terms of implementation, 
the programmed funding objects, funding conditions and procedures are of particular interest. 
The main issue is whether the existing regulation is suitable to trigger innovations like the ones 
described above. In addition, the selection procedure and criteria guiding the decision-making 
on funding projects are of great importance and need to be considered as well. 

The results and impacts of the projects can mostly be examined only after their completion. In 
addition to the type and quality of the implemented innovation itself, the question should be 
central to what extent the competitiveness of farms can be increased. Another question is 
whether progress toward sustainability has been achieved. 

Objects, methods and instruments of investigation 
The European Commission provides evaluation questions for orientation purposes such as: 
to what extent was the Programme for the Development of Rural Areas able to promote 
collaboration and improve the knowledge base in rural areas (Commission of the European 
Communities, 2014b)? To answer such questions a range of evaluation methods are needed 
including quantitative and qualitative approaches to measuring the output, outcome and 
impacts of the funded EIP projects and OGs. The EC suggests the use of a mix of methods 
including desk research, focus groups, interviews, case studies, network analysis and 
workshops (European Commission, 2015). Furthermore, other studies on the assessment of 
agricultural knowledge and innovation systems present innovative approaches, methods and 
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tools to assess specific factors influencing the development of innovation in rural areas 
(Cristiano & Proietti, 2014; World Bank, 2008; OECD, 2012).  

Baden-Württemberg is currently developing the methodological framework for answering the 
questions raised based on the following considerations: as an essential analytic dimension, 
the implementation of the EIP-AGRI approaches in the rural development programme of 
Baden-Württemberg needs to be investigated; the selection of innovative approaches / 
projects and Operational Groups is of special interest; and finally, the results and effects of 
the funded projects need to be examined. 

Implementation in MEPL III 
The implementation of the EIP-AGRI approach is put into practice through the Rural 
Development Program (MEPL III) as well as through guidelines for the funding of appropriate 
projects. The objects of support, funding conditions and handling procedures for Operational 
Groups and overall objectives for funded innovation projects are defined there. Document 
analysis and surveys are intended as primary research methods. The rural development 
programme and the implementation of policy guidelines will be examined by document 
analysis. Surveys will be conducted with the managing authority, granting and paying agent 
as well as with beneficiaries. Regarding the examination, the focus is especially on the 
question of whether the funded projects are capable of coping with the problems and identified 
needs presented and analysed in the RDP. It also has to be asked whether the stated rules of 
action allow the Operational Groups to act in accordance with their needs. 
 
Selection of innovative approaches 
The selection process and the selection criteria for projects play a central role in promoting 
EIP-AGRI projects. The main question is whether the ‘right’ projects are funded. With regard 
to the selection process, whether there are only a limited amount of calls, or periodical calls, 
to select applicants is also of interest. 
 
Methodically, an analysis of the selection criteria and a comparison of the selection process 
with the EIP objectives should be made by the evaluator. In addition to the investigation of the 
selection process and rating system the proposals of funded and rejected projects are also to 
be assessed. A document analysis of funding data, project lists and in particular the action 
plans submitted should be undertaken. Individual aspects can be investigated in greater depth 
in the context of case studies on funded projects during the ex-post evaluation. 

Essential criteria for the evaluation are e.g. the innovative nature and type of innovation of the 
funded projects, the composition of Operational Groups and in particular the potential 
contribution of the project to the EIP objectives. 

Results and Impact 
In order to assess the effectiveness of the funded projects, it is important to look at their 
outcomes and effects. Depending on the objective, different issues are the focus of interest. 
The question of to what extent progress towards sustainability has been achieved and whether 
the competitiveness of farms could be increased is of general interest. 
 
For the investigation of the results and effects, particular document analyses (interim and final 
report) and case studies come into consideration. In addition, Operational Groups should 
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complete some kind of self-assessment/-evaluation of their activities and performance, which 
should be examined and rated by an external evaluator. 

The following aspects are the focus of the investigations: how useful are the results achieved 
in the projects (recommendations, products, processes, technologies)?; with regard to the 
commercial launch, the dissemination of the results achieved (e.g. number of users) is of 
special interest. 

Regarding the work of the Operational Groups, special benefit aspects of cooperation should 
be of particular interest, but quantitative criteria such as duration of cooperation and frequency 
of meetings and distribution of tasks will also be examined. However, the latter also serve as 
an indicator of the intensity of cooperation. 

In terms of contributions to the implementation of rural development programmes, a 
comparison of the pursued and achieved goals should be made. It is also important to examine 
achieved results and effects with regard to the priorities of the RDP and how they have been 
accomplished with the measure examined (innovation, competitiveness, climate, biodiversity, 
etc.). 

Conclusions and Outlook 
The different status quo of implementing the EIP-AGRI in the German federal states is a 
challenge in terms of coordination and handling important questions related to the 
implementation. On the other hand, some federal states can learn from the ‘early birds’ which 
can be considered to be a positive effect. Operational Groups are not yet approved and 
established in every federal state in Germany. 

Another big challenge is to integrate the need for the compliance with regulations, questions 
on liability and legal entities, failure rate and financial sanctions with innovation and 
cooperation in mind, as well as the possibility of failure. Moreover, the reduced funding for 
projects and products which are not classified in Annex I of the Treaty on European Union and 
the Treaty on the Functioning of the European Union is less constructive for the EIP-AGRI 
approach. 

However, EIP-AGRI is a new instrument for all Member States as well as the European 
Commission, so all actors need to become acquainted with this new flexible and creative 
approach. EIP-AGRI is an opportunity which should be used and further developed. 

Due to the experiences of the authors the use of the EIP network cannot be assessed yet, but 
it seems that the output of other innovation funding instruments such as Horizon 2020 multi-
actor projects and thematic networks as well as the outcome of the Focus Groups are 
increasingly used by the actors. It remains an open question as to how far the funded projects 
fulfil the expectations. At what level of innovation are the funded projects located? What kind 
of innovations can be expected? What types of innovations are pushed? These are questions 
that will be answered in the course of or at the end of the funding period. In addition, it will be 
of interest to see to what extent the funded cooperation in Operational Groups could also 
achieve effects in terms of building regional or national ‘innovation clusters’, which could form 
the basis of more innovative processes and activities in future. 
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Abstract: In Europe, many governments have already defined and implemented public 
policies for sustainable agriculture, at several scales and in different territories. Nowadays, 
decision makers count on pre-defined and already tested evaluation methodologies for the 
policies they design, but indicators that are brought to the table for the evaluation tasks are 
mainly focused on one aspect of the sustainability. Many of these methodologies are mainly 
defined for a single objective, which is usually the environmental one. Thus, not all the tackled 
points are assessed, such as participation or socioeconomic issues. When it comes to defining 
public policies and their evaluation systems from a holistic or multidisciplinary perspective, 
several main goals need to be addressed. Indeed, from an agroecological approach, policies 
must be engaged in environmental issues as well as on social and economic matters. 
Moreover, there is not yet a specific evaluation set for systemic public policies for sustainable 
agriculture. This article aims to identify the current evaluation methodologies for public policies 
related to sustainable agriculture in Europe. Based on the review of several authors’ 
publications, it presents an analysis of the existing and proposed methodologies so as to 
highlight their potential and deficiencies for their translation into public policies defined from a 
multidimensional approach. This analysis, together with a reflexion on the nature of the 
indicators to be integrated in such methodologies, will include participation, ex-ante or ex-post 
evaluation approaches as well as whether a multidisciplinary sustainability evaluation is 
included. It suggests a basis for defining evaluation methodologies well adapted to public 
policies related to sustainable agriculture that tackle simultaneously its three dimensions: 
social, economic and environmental.   
 
Keywords: Public policies, evaluation, policies impact, agroecology, indicators 
 
Introduction 
The concept of sustainable agriculture has gained momentum in the European social 
discourse due to the successive ecological, economic and social crises in the rural context, 
and also thanks to the agroecological movement. With more or less impact, this discourse has 
been integrated by the political European stratum. During the last decades, many public 
policies have been designed so as to foster the ecologization of agrarian practices, as a means 
of reaching alternative ways of production which are thought to be sustainable from the three 
dimensions of agroecology: social, economic and environmental. 

 
It seems quite logical that, to achieve these objectives, the European institutions are 
transformed and that they implement new ways of acting, designing and assessing. This 
means accepting the need to develop a true political agroecology, as has been highlighted by 
some authors (González de Molina, 2103; Garrido Peña, 2012). The way in which this new 
paradigm is built has to integrate the complexity of the agrarian transformation through the 
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increase in stakeholders’ participation, in this particular case linked to a sustainable agrarian 
production. As Ostrom (1965) affirms, the evolution of institutions towards collective action 
needs to create an interdependent framework in between participants in such a way that each 
individual is collectively affected and obliged to act together with others to reach the expected 
objectives.  
 
The theoretical frame in which this way of acting is inserted is the Political Ecology. It is defined 
as a discipline, which focuses on the design and production of actions, institutions and norms 
that tend towards achieving sustainability (Garrido Peña, 1996). It is also strongly linked to 
Ecological Economy. But we are not going to go into either of these disciplines in depth here 
because they have been described and compared in an interesting publication by Martinez 
Alier (2004). This author demonstrates, for instance, how the economical ecology launches a 
debate between the “weakness” and “strength” concepts of sustainability.  
 
The task of designing multi-target actions and performing a multi-dimensional productive 
transformation is not an easy one. Many examples show how the implementation of some 
agroenvironmental policies are not generating the expected effects. Whether this is because 
they haven’t been designed properly or because they haven’t been assessed on time with the 
adequate holistic methodologies that allow us to tell what the real effect of these actions is on 
the agrarian system sustainability on which they are acting. 
 
Today, there is a wide range of methodologies on offer to assess public policies in terms of 
fulfilment (budget, deadlines, procedures, quantitative objectives, etc.) that have been 
developed by the different national agencies for assessment that exist in almost every country 
in Europe. This kind of assessment could be called “structural” assessment. However, these 
methodologies still have only a partial approach (only environmental, only economic, etc) 
when assessing impacts for agrarian sustainability. Different models of production are fostered 
as a consequence of political actions. For a more accurate measure of the sustainability of 
such systems, it is important that the evaluation methodology, as Ostrom proposed, tackles 
the whole complexity and that it includes the three above mentioned dimensions.  
 
This articles aims at providing a bibliography revision of the different methodologies employed 
for assessing some European policies related to sustainable systems. In this revision we try 
to identify if these policies have been designed with awareness of and the aim of involving 
stakeholders so as to include them in the results. We also want to identify the complexity with 
which the impact is being assessed, i.e. if the three dimensions of sustainability (economic, 
ecological and social) are being measured. This information will provide a global vision of what 
the methodologies lack from a holistic perspective, as well as showing up some examples that 
could become guidelines for the improvement of future assessment tools. The study will be 
based around sustainable agriculture and organic farming. 
 
Tools for evaluation must reflect the quality of inter-connections between the public 
organisations and outside (Subirats, 2005). A public policy is a collective answer, channelled 
by an institution to a problem that has been considered to be relevant for the population or 
community concerned (Subirats, 2016). The need to integrate these mechanisms for 
evaluation with the design of public policies has been mentioned many times, but very little 
has been done in practice because of the complexity of such a task.  
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Systems for assessment are complex because (Moreno, 2007): they have to be characterised 
from several perspectives (different actors); the principle of emergence (the whole is more 
than the sum of its parts) prevails because several actions are getting added to each other; 
there is no clear cause-effect link; some self-organisation processes have to be added to the 
institutional actions; there is a reflexive nature (that steps down individuals) and directed 
behaviours (that encourage individuals). These factors oblige us to always take into 
consideration an implacable uncertainty. 
 
A good example of a complex evaluation can be found in the work done for assessing the 
policies for the management of natural resources in which there is a recurrent conflict of 
interest between different social groups (Martínez Alier, 2004; Subirats, 2005). In these cases 
conflicts can be explained, and even predicted, with physical indicators of (non)sustainability.   
 
To delimit the analysis, we have selected European organic farming as a paradigmatic 
example of implementation of numerous public policies over the last decades. It’s also an 
interesting example to focus on because, apart from its significant contribution to the 
environment, the organic production model also represents a system that contributes to the 
improvement of the socio-economic elements of agriculture, and therefore to its global 
sustainability. It is also interesting to note how many processes of conventionalisation and loss 
of its genuine values have been described, partly linked to certain public policies that have not 
been through a holistic evaluation process (Best, 2008; Darnhoffer et al., 2010; De Wit & 
Verhoog, 2007; Wilairat, 2010) 
  

Public policies for sustainable agriculture in Europe. Methods and indicators for multi-
target policies 
Over the past years many policies have been implemented throughout Europe to foster a 
transformation of agriculture towards a more sustainable model, from a local dimension to a 
wider communitarian scope. If we focus on European scaled policies, some of them have a 
clearly defined environmental target, even though most of them are multi-target policies 
included in complex programmes (policy mixes). It is, for instance, the case with the first CAP 
pillar (Common Agriculture Policy) or with the Rural Development Programs (RDP) in which 
we could highlight the Agri-Environment Schemes (AES) present in almost all EU countries. 
 
The General Directorate-Agri of the EU, indeed, fostered the IRENA (indicator reporting on 
the integration of environmental concerns into agricultural policy) project in 2002 in order to 
assess the environmental impact of some of these measures. 
 
These programs, especially the RDP, are usually proposing mid-term and final reviews to 
evaluate the efficacy of their measures. However, as we have already mentioned, several 
studies show that the grants are inefficient to achieve their expected objectives for 
environmental or socioeconomic impacts (Petrick & Zier, 2012; García, 2010). They also 
demonstrate that the way policies are designed is not adequate for the generation of the 
information needed for their assessment (Subirats, 2005; Nicholas et al., 2006; Caporal, 
2013). That is why it is important to rely an adequate methodology for evaluating the impact, 
the design and the spreading of the measure itself.  
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A special mention can be given to the grant for integrated agriculture for the wine sector in 
Galicia (Spain), (García, 2010). The dissemination of the measure was mainly done by 
agrochemical firms, a situation that prevents the conditions required for decreasing the use of 
agrochemicals. 
 
We have revised the assessment methodologies employed for CAP subsidies, AES 
regulations and, in the case of organic farming, we have widened the scope to other specific 
policy mixes with the aim of compiling the different methodologies for impact evaluation in the 
sustainable agrarian systems sector. There is a wide bibliography. The Table included in the  
Annex sums up some examples of the evaluation of these policies and the scope they have, 
in the sense of understanding: if they include methodologies or indicators to measure the three 
dimensions of sustainability (environmental, economic and social); if they are applied for the 
design and ex-ante evaluation or if they are ex-post evaluation of the impact; and finally, if 
they include participative methodologies to involve different stakeholders. 
 
Quite a high number of the evaluations only aim at measuring environmental indicators. 
Modelisation techniques are also getting widely spread. Primdahl et al. (2010) analyse and 
discuss the actual and potential use of impact models in supporting the design, implementation 
and evaluation of AES. Impact models identify and establish the causal relationships between 
policy objectives and policy outcomes.  
 
Every day, classic indicators for environmental impact evaluation are getting improved and 
their scope widened, as for instance the techniques employed for measuring biodiversity 
(Kleijn et al., 2006). In general, the research around the environmental impact is modifying its 
approach, and it is integrating the context complexity by using multi-criteria assessment 
methodologies (MCA) or using expert judgements (Finn et al., 2009; Park et al., 2004), looking 
not only to improve the impact but also the design of the policy itself.  
 
Uthes and Mardorf (2013) developed a wide review of studies on AES in Europe from 1994 to 
2011.  They found 419 studies including empirical-statistical, model-based, methodology, 
review and discussion papers - quite a large quantity! Nevertheless, they state that the existing 
research is usually based either on ecological or economic perspectives and fails to provide a 
holistic picture of the problems and challenges within the agri-environmental programming 
(e.g. multiple measures, multi-target areas, legal aspects, financial constraints, transaction 
cost, etc.).  
 
In that sense, the evolution of new methods should evolve towards: (i) the integration of 
systems’ complexity that are currently assessed in such a way that the impact of a defined 
policy could be predicted regarding environmental criteria but also regarding the social and 
economic sustainability of this agrarian system; and (ii) the integration, in the design and 
evaluation of specific measures, of the social agents involved in the implementation of this 
particular action as a means for facilitating the encompassing of the complexity itself. The 
appropriate quality management of the policy would be enriched by including the multiplicity 
of participants and perspectives (Subirats, 2005). Quality criteria presuppose ethical principles 
that should be explicit and integrated within the dialogue. 
 
Recent European regulations for rural development also emphasise the requirement to involve 
stakeholder groups and other appropriate bodies in the policy-making process (Refsgaard & 
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Bryden, 2012; Mills, 2013; Prager & Freese, 2009) thus implementing the bottom-up approach. 
Whilst some research has looked at the more easily quantifiable economic impacts of agri-
environmental schemes (AES), there is a paucity of research exploring the social dimensions 
(Mills, 2013). Munda (2004) has however proposed methods for Multi-Criteria Social 
Evaluation Methods that have been successfully applied for the design and evaluation of 
policies for the management of natural resources. These methodologies are facing the 
complexity of policies and the plurality of objectives and values to be measured. Multicriteria 
methodologies do not provide a single criterion for selection, since they do not reduce all the 
values to a single scale, but they include uncertainty and conflicts of values. The methodology 
defines in a participative way which criteria have to be assessed after the stakeholders 
involved have been identified.  
 
The Participatory Action Research (PAR)  techniques that are already used for agroecological 
actions can be very interesting for integrating stakeholder actions in the evaluation processes, 
especially for qualitative aspects (semi-structured survey or discussion groups) (Ibáñez J., 
1979; Ortí, 1986). As Salazar (1992) notes, PAR is seen as a movement necessarily linked to 
political actions, as a generator of theories and methodologies that guide information, and 
finally as a methodology that emphaticises the intervention of intellect in communities’ 
processes in terms of communicative actions (Guzmán et al., 1996). There are also interesting 
antecedents in other fields of study, such as policies for natural resources management 
(Martínez Alier, 2004; Munda, 2004) whose methodological successes could be brought to 
the agrarian context.  
 
Finally, as we mentioned above, the institution itself has to establish as an objective, the 
inclusion, a priori, of tools that will enable it to do a good evaluation of the policy they are 
designing, facilitating the generation of information and enabling participation. The non- 
inclusion of those features in the policy framework during the decision-making process, does 
not allow, a posteriori, the making of adequate decisions.  

The SEAMLESS project conclusion affirms that institutional effectiveness is often ignored and 
that policies implemented are not compatible with formal or informal norms of our society. 
Therefore, the policy becomes ineffective even though it pursues a holistic sustainable 
development. In addition, policies that address global sustainable development, by integrating 
the economic, social and environmental dimensions, often require specific institutional actions 
so as to meet their aims (Schleyer et al, 2007). This project tries to develop predictive models 
ex ante, for measuring the impact of public policies and it analyses the previous conditions 
required introducing the institutional dimension as a fourth sustainability dimension.  

Subirats (2005) considers that the first step is to define if we want to evaluate management or 
government tasks, and cross them with the different areas of action (operational or strategic) 
of administrations.  

The governmental tasks are evolving in a political and social legitimation context. The unit of 
analysis has to be clearly defined by establishing a division between the different types of 
organisations, tasks and operators, and generating different power and mutual influence 
relationships. 
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The case of organic farming 
The main policies implemented in the organic farming sector are derived from the CAP under 
Axis 2 (improving the environment and the countryside) of their rural development 
programmes (RDP) or under Article 68 of Council Regulation 73/2009 (specific support to 
farmers) among others from Axes 1 and 2 (Sanders, 2013). Besides CAP measures, a wide 
range of national or regional policy instruments exist e.g. several National Action Plans for 
organic farming. Added to that, the current organic EU legislation (R834/2007) is another 
policy instrument impacting the organic sector throughout Europe. 
 
The volume of examples of holistic evaluation of policies specifically devoted to organic 
farming decreases significantly in comparison to other assessments for AES. 
 
Nicholas et al., (2006) highlighted in their study that the data available didn’t allow the reader 
to tell if the policies devoted to organic agriculture had been effective in terms of generating 
positive externalities with respect to all the dimensions of sustainability. What seems to be 
clear is that policies have had a certain impact on the growth of areas managed under organic 
agriculture, and they identified 5 criteria that had improved in the organic farms in comparison 
to farms receiving agri-environmental grants. However, because the method employed was 
indirect, and because of the lack of information, it was difficult to establish any clear cause-
effect link.  
 
Sanders (2013) has evaluated the impact of the European norms for organic farming on the 
sustainability of the sector itself. The study recognises that, although rural development has 
had a positive influence on the spreading and adoption of this production method, there were 
several aspects of it such as rural diversity, rural employment and the development of human 
capital, where consolidated evidence for the impact was missing. It even admits that few 
objectives for environmental sustainability (water, energy, rotations, etc.) can not be met 
because compulsory legislation is not requiring it. Environmental sustainability of growth in the 
sector relies partly on the way in which the rules and organic concept have been interpreted, 
rather than being due exclusively to the legislation. At the same time, other authors, 
(Lynggaard, 2001; Daugbierg et al., 2008, 2011; Offermann et al., 2009;  Konstantinidis, 2014) 
have described the relative impact that public policies and the institutional environment have 
had on various aspects of sustainability within organic production, for instance, as a 
consequence of the dependence on agri-environmental measures.  
 
In addition, and bringing back the participatory approach, authors such as Häring et al. (2009) 
propose adopting a bottom-up approach for policy design, based on the definition of the 11 
RDP of the countries lately integrated within the EU. The benefits of including stakeholders in 
the policy-making processes provide these policies with quality, credibility and a higher 
probability of impact and societal gains (democracy, equity, transparency). This highlights the 
SMART methodology approach which states that goals should be Specific, Measurable, 
Achievable, Realistic and Timed.  
 
From the economic efficiency of policy point of view, Schader et al. (2014) have analysed the 
Tinbegen rule applied to multi-target policies using organic farming in Europe as an example. 
The importance of targeting and tailoring of policies to achieve maximum effectiveness with a 
given budget or to minimise spending for achieving the targets set has been stressed by 
economists and policy makers (OECD, 2007). Multi-target policy instruments, in particular 
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cross-compliance and support for organic farming via direct payments, have been evaluated 
as being inefficient as their multi-target character seems to contradict Tinbergen's postulate 
(Timbergen, 1956). The main statement of the Tinbergen Rule is that efficient policy requires 
at least as many policy instruments as there are targets. However, empirical data from 
evaluation studies is scarce due to methodological constraints and does not permit the 
drawing of general conclusions on the efficiency of multi-target policy instruments. By using a 
model of analytical linear optimisation, these authors are demonstrating that the efficiency is 
set due to using several multi-target tools within a policy mix. 
 
The ORGAP project has also realised a first approach to the elaboration and evaluation of 
strategic plans. It was finalised in 2007 (Schmid et al., 2008). The methodology proposed for 
the evaluation phase (ORGAPET) recommends the use of several tools and indicators well 
known, especially in the context of European public policies, such as multicriteria evaluation, 
IRENA indicators or socioeconomic evaluation programmes MEANS. Due to the wide scope 
tackled by this tool, the results of the project are quite generic and they require a more specific 
application according to each of the objectives to be assessed.  
 
Vieweger et al. (2014) developed an impact assessment model based on this methodology 
for the whole evaluation of the German organic farming research programme. They combined 
it with an online survey, interviews with stakeholders and workshops with external experts. 
These authors point out the need for a better link between goals and the design of the 
programme in order to better assess its impact. Contextualising the programme within the 
whole policy in which it is developed as well as including the participatory approach in the 
policy-making and evaluation, are both part of the main conclusions of this work. Again, the 
difficulty of knowing the impact extent of this research programme is highlighted due to the 
interrelationships with other measures. 

 
Conclusion 
Policies that are fostering sustainable agrarian systems often include in their objectives, 
achievement of an improvement in the environmental, social and economic impact of the 
production system they promote and for the rural context in which they are implemented. But, 
to guarantee that such objectives are met, holistic methodologies have to be designed so as 
to allow the measure of sustainability in all its dimensions. To do so, those methodologies 
must be taken into account in the policy-making process, so as to facilitate the generation of 
the information needed for the adequate assessment and the participation of the stakeholders 
involved in the measure. The policy design should anticipate the measurement of different 
indicators and impacts (combining ecological, economic and social evaluation techniques), 
how and when to do this data collection (for example in a mid-term evaluation) and how the 
main actors are to be involved in the process. The inclusion of the evaluation frameworks and 
indicators in the pre-project will allow the collection of different perspectives to be assessed 
and will permit a more direct cause-effect link between policy and impact. Impact models also 
help for this purpose. The spreading nature of the measure itself could also influence its final 
impact. It is the only way to integrate the complexity of the system that is being evaluated, but 
also the diversity of criteria and conflicts, especially in cases for which these multi-target 
policies are integrated within a broader policy pack in which they interact one with another. 
Moreover, the participation of stakeholders will contribute to the success of the policy and will 
co-responsabilize the society in the fulfilment of the objectives.  
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For the last years, the assessment methodologies for agrarian public policies have evolved 
towards more complex systems that integrate qualitative and quantitative techniques and that 
gather several dimensions of sustainability. Particularly, new methodologies have been 
defined so to include the social component.  
 
However, there is still a long path to develop new methods that will assess the environmental, 
social and economic multicriteria, combined with a participatory evaluation. In that sense, 
techniques from sociological investigation, such as the Participatory Action Research (PAR) 
techniques, can be of help. These techniques enable us to obtain qualitative information from 
stakeholders that permits us to identify and prioritise the sustainability indicators in both the 
policy design and the evaluation stage. The most used methodologies are interviews, 
discussion groups, expert teams and online surveys.  
 
Finally, the institutional dimension is also relevant. Public bodies must change themselves in 
order to integrate the multidimensional purpose of the evaluation, sharing the way of working 
with other actors and multidisciplinary teams in the policy design. Developing predictive 
models for an ex-ante evaluation could contribute to improvement of the further impact (post) 
assessment.  
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Workshop Theme 2: Methodology and frameworks of farming systems 
transformation 
 
 
Workshop 2.2: Sustainability assessments at farm level for catalysing practical 
change 
Convenors: Andreas Roesch, Marion Sautier, Hayo van der Weft, Jan Grenz and Henrik 
Moller 
 

Despite the large body of literature on how to develop and select sustainability indicators there 
is still a serious lack of technically and practically feasible methods for conducting a 
sustainability assessement over a wide diversity of farming systems and of climate and soil 
conditions. Sustainability assessments hold the promise of assisting farmers in their 
transitions towards sustainable practice. They facilitate gathering of sustainability indicators, 
raise warnings or affirm improvements, and can incentivise transformation either by 
themselves or by benchmarking a farmer’s practice against their earlier performance, or 
against how well their colleagues are doing. They can also support local dynamics by 
connecting farmers to each other, their industry peers, policy makers, marketers, local 
communities and consumers to drive change for resilience and sustainability. The workshop 
focused on the development of assessement methods considering potential trade-offs 
between scientific rigour of the assessment and the practical constraints of its application at a 
farm level (e.g.material, social and cognitive). Papers were invited dealing with either 
challenges in the development or in the use of the assessment. They could focus on the entire 
process or on one specific stage (from data acquisition to communication of results and their 
use to inform farm management). The workshop mixed presentations of classical sustainability 
methods (based on the three pilar model – economic, social, environmental) and of emerging 
ones as life-cycle assessments. A special focus was placed on the following aspects which 
are highly relevant to agriculture and that can be managed at the farm level: (i) ecotoxicity, 
biodiversity and soil quality, (ii) social sustainability, including animal welfare, physical and 
mental workload, and the aesthetic value of the agricultural landscape, and (iii) long-term 
economic viability of farms. Based on the submissions, other topics linked with sustainability 
of farms were included in the workshop (e.g. non-renewable energy demand, climate change). 
Practical aspects such as the development and selection of indicators, data acquisition and 
communication of results were discussed alongside. These steps are critical in the uptake of 
sustainability assessments as they impact simultaneously the workload of the farmers, and 
the accuracy and security of the process. Aggregation beyond the farm level was discussed 
in parallel in the TempAg workshop. 
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Lessons learned from a qualitative sustainability assessment method “Farm 
Talks” 
 
de Olde, E.M. 1,2, Derkzen, P. 3, Oudshoorn, F.W.1,4, Sørensen, C.A.G.1 

 

1 Department of Engineering, Aarhus University, Denmark 
2 Animal Production Systems Group, Wageningen University, the Netherlands 
3 Stichting Demeter, the Netherlands  
4 SEGES, Denmark  
 
Abstract: This paper presents a qualitative peer review “Farm Talks” method which stimulates 
farmers’ learning beyond existing quantitative sustainability assessment tools. Farm Talks 
were started in 2008 by the biodynamic farming association and the Demeter organisation in 
the Netherlands as a qualitative alternative to support learning and awareness on 
sustainability and biodynamic principles. In each Farm Talk, a farm is visited by a small group 
of colleagues and a facilitator to discuss farming practices and to explore how the farm could 
develop its sustainability performance. The Farm Talks method presents a novel approach to 
sustainability assessments in agriculture and enables farmers to define what they consider 
important for sustainable and biodynamic farming. The development of the method went 
through several phases of readjustments based on feedback from farmers and facilitators, and 
experiences from practice. The initial combination of learning and performance functions in 
Farm Talks caused tensions. Given the focus on individual farm development, the method 
continued as a learning and process-oriented method. A precondition for such an approach is 
the willingness of farmers to participate and actively engage. The method enables farmers to 
define actions for improvement based on their intrinsic motivation.  
 
Keywords: Sustainable development, farm level, peer review, qualitative, biodynamic 
agriculture, sustainability assessment tools 
 
Introduction 
The need for a sustainable development of agriculture is widely acknowledged and should 
encompass economic, environmental and social dimensions (OECD, 2001; FAO, 2013). A 
large number of indicator-based sustainability assessment tools has been developed to gain 
insight into the sustainability performance of farming systems (Schader et al., 2014). Such 
tools could facilitate farmers and politicians in their decision making towards more sustainable 
farming systems (Lebacq et al., 2013).  
 
The development of tools involves a wide array of decisions including the selection of themes, 
indicators and reference values, system boundary, and scoring and aggregation method 
(Binder et al., 2010; Bockstaller et al., 2015). These decisions are based on value judgements 
of the tool developers on what is relevant to assess sustainability and can vary widely between 
experts (Gasparatos & Scolobig, 2012; Thorsøe et al., 2014). A recent study by de Olde et al. 
(2016a) showed a lack of consensus amongst experts about what matters most in selecting 
indicators to measure agricultural sustainability. This lack of consensus reflects divergent 
agendas and differences in context, priorities and value judgements (de Olde et al., 2016a). 
The different perspectives on how to assess sustainability results in differences in tools, for 
example in data, time and budget requirements, output accuracy, transparency, and 
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complexity (Marchand et al., 2014). Based on these characteristics, Marchand et al. (2014) 
distinguishes two types of tools: rapid and full sustainability assessment tools. Rapid tools use 
farmers’ knowledge and require a limited input of time and budget whereas full assessment 
tools require a visit of an auditor or expert and make use of detailed data. Full assessment 
tools are characterised by a scientifically underpinned output accuracy and high complexity 
compared to rapid tools. Rapid assessment tools are characterised by a high user-friendliness, 
high transparency, high compatibility and limited data demand (i.e. high data availability) 
compared to full assessment tools (Marchand et al., 2014). This makes rapid assessment 
tools particularly suitable for larger groups of farmers to enhance learning, interest and 
awareness on sustainability. Farmers committed to monitor their performance more closely 
can continue learning by adopting full sustainability assessment tools with a more scientifically 
underpinned overview of the sustainability performance of a farm (Marchand et al., 2014). 
 
Although both types of tools are aimed at improving decision making by farmers in line with 
the outcome of assessment, adoption of sustainability assessment tools in farming practice is 
challenging (Lynch et al., 2000; Triste et al., 2014). General aspects such as budget and time 
requirements, data availability, user-friendliness, language use, and tool accessibility are 
factors affecting the adoption of tools (Van Meensel et al., 2012; de Olde et al., 2016b). 
Another important factor for tool adoption, however, is the relevance as perceived by users 
(Van Meensel et al., 2012). A mismatch between value judgements (e.g. what are relevant 
sustainability indicators) of tool developers and users affects the perceived relevance of the 
tool and its results (De Mey et al., 2011; de Olde et al., 2016b). When value judgements 
embedded in a tool do not reflect those of farmers, results may become irrelevant to a farmer 
and left unused (Vatn 2005; Gasparatos & Scolobig 2012; de Olde et al., 2016b). This may be 
one aspect of why the implementation of assessment results in practice is a challenge for 
current sustainability assessments (Binder et al., 2010; Alrøe & Noe 2016). Sustainability 
assessment tools are generally developed by experts for whom comparative data results can 
be interesting in themselves. For integration into farm practices, however, proper attention 
needs to be given to translation from indicator outcome to a meaningful decision for change 
within a web of options and constraints in a farm system. A possible solution is involving 
stakeholders in the development of sustainability assessment tools (Reed et al., 2006; De Mey 
et al., 2011). Stakeholder participation in tool development can contribute to learning, increase 
awareness, and increase support for assessment results and measures (De Mey et al., 2011; 
Triste et al., 2014). But also, approaches in which farmers can incorporate their perspectives 
and values into the sustainability assessment process, and are supported in implementing 
assessment results, are needed (Binder et al., 2010; Alrøe et al., 2016; de Olde et al., 2016b). 
These approaches are necessary to facilitate a transition towards sustainable farming systems. 
 
The aim of this study was to describe experiences in the development of a qualitative 
sustainability assessment method “Farm Talks”. This method was selected as it presents an 
alternative approach to sustainability assessment compared to methods described in the 
literature so far and it has not been scientifically analysed before. Hence, this paper is the first 
of its kind, in which we analyse how this relatively long-running method that has been forced 
to adapt over the years deals with the above-mentioned challenges. We start by introducing 
our research method and case study. Then, we elaborate on the development of the method 
and the method in its current form. Finally, we reflect on the findings and discuss the 
importance of distinguishing learning and performance functions of sustainability assessment 
tools.  
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Farm Talks – a case study of a qualitative sustainability assessment method 
 
Method  
We used a case study approach to gain insight into the Farm Talks method. We focused on 
the method as applied in the Netherlands, where it was founded1. Case studies provide in-
depth context-dependent insight and can present a valuable learning experience (Flyvbjerg, 
2006). The case study research included an analysis of documents (i.e. minutes of the 
organisations involved, annual reports, evaluation reports, magazine articles and method 
documentation), scientific literature, and knowledge and experiences of the second author 
who has been involved in the development of the method since 2013. Triangulation of the 
findings was established by combining different sources of information which enhanced the 
reliability of the results (O'Donoghue & Punch 2003).  
 

Farm Talks 
Farm Talks are a form of peer review in which farmers evaluate each other’s farm development. 
The Farm Talks are organised by the Demeter organization and the biodynamic association 
for all Demeter licensed farmers in the Netherlands. In each Farm Talk, a farmer is visited by 
a small group of 4 to 5 colleagues from different agricultural sectors, and a facilitator from the 
biodynamic farming association to facilitate the process. The host discusses strengths and 
challenges present on the farm and, together with colleagues, explores opportunities for farm 
development. Through discussion, participants explore what biodynamic farming and 
sustainability means to them. 

 
 
 
 
 
 
                                                      
1 The method is also used in Germany and on a smaller scale in the US. 

Box 1. Biodynamic agriculture 
In search of more sustainable practices, research and farming interest in alternative 
approaches such as biodynamic farming, is increasing (Turinek et al., 2009; Chalker-Scott 
2013; Demeter, 2016b). Biodynamic farming is a unique form of organic agriculture, which 
includes the use of preparations for soil and crop quality, cosmic influences, animal manures, 
diverse crop rotation, and encourages local production and distribution systems (Turinek et al., 
2009). Biodynamic agriculture is based on a series of lectures given by the philosopher Rudolf 
Steiner in 1924. Approximately 5,000 biodynamic farms, with over 160,000 hectares in more 
than 50 countries, are certified according to Demeter standards (Demeter, 2016b). Although 
biodynamic farming has been studied with scepticism and considered as dogmatic by part of 
the scientific community, the use of a holistic approach towards farming and the value of 
knowledge exchange and experiences in the biodynamic network of farmers and researchers 
have been acknowledged (Kirchmann, 1994; Turinek et al., 2009). As stated by Turinek et al. 
(2009): ‘A worldwide network of farmers, researchers, advisors, teachers and others interested 
in BD farming could contribute toward naming and addressing questions from everyday 
practice in order to make important steps toward a more sustainable, healthy, prosperous and 
secure future.’   
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Farm Talks method 

The development of the method 
Farm Talks were started in 2008 by the biodynamic farming association and the Demeter 
organization. One of the key founders of the method is Jan Diek van Mansvelt; it was, therefore, 
initially called “Mansveltscore” (Demeter, 2016a). The initiative started in response to 
discomfort felt around the use of impersonal checklists as the basis for Demeter certification. 
Instead of rigid certification control, the process of peer review by means of Farm Talks would 
present a more development oriented alternative to the existing certification system. 
Certification would be dependent on the outcome of a Farm Talk and open to consider context 
specific situations at farms. The assumption was that if the results of a Farm Talk could be 
formulated specifically enough, and the development report could be evaluated by the 
certification committee, the method could partly, or completely, replace the external inspection 
of the Demeter certification process.  
 
From 2008 onwards, a small section of the farmers participated voluntarily in Farm Talks to 
help develop the method (Figure 1). The Farm Talk method was regularly evaluated and 
adjustments were made based on the experiences and feedback of farmers and facilitators 
(e.g. description of themes, forms and structure of the meetings). Although the Farm Talks 
were evaluated by farmers as valuable, informative and relevant, the method was increasingly 
confronted with resistance from both farmers and facilitators. Facilitators feared they could be 
forced to signal problems (to function as a kind of inspector) and farmers were unsure how 
“the office” would evaluate their performance, downplaying the ambition of their self-chosen 
development actions just to be sure to reach the results of their commitment. Hence, 
integrating the results of the Farm Talks (development and learning focus) into the certification 
process (control and performance focus) was increasingly considered as a contradiction. 
Openness and trust as a basis for honest reflection and critical discussion of on-farm 
challenges were key values in the development oriented approach of Farm Talks. The idea of 
an external certification committee evaluating all that happened by means of an impersonal 
report was felt as a breach of trust. A focus on control or performance and use of checklists 
had negative connotations and was perceived as counterproductive. It led not only to pressure 
on the farmers to evaluate their colleagues positively but also reduced the ambition level of 
development actions, to make sure the actions were “fulfilled” at the next evaluation round. 
Moreover, uncertainty about how the results would be used in the certification process caused 
discomfort. The committee responsible for certifications shared this unease and decided in 
2013 that the results of the Farm Talks were not suitable to be included in the accreditation 
for Demeter certification. Consequently, the role of Farm Talks for certification purposes had 
to be reconsidered but the method itself was accepted, now with all Demeter farmers 
participating.   
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 
Design 
method         

 

Voluntary participation in Farm Talks 
and continuous development of the 
method     

   

Expand Farm Talks to all Demeter 
farmers and prepare method as part of 
certification   

      

Decision 
certification and 
evaluation   

       
Farm Talks as a learning 
method 

Figure 1. Timeline of the development of Farm Talks  
 

The current method 
An evaluation of the method in 2014 concluded that Farm Talks contributes to learning and 
capacity building in biodynamic agriculture (Derkzen, 2014). Consequently, Farm Talks are 
continued as a form of schooling and development for biodynamic farmers. Farm Talks is part 
of an agreement between the Demeter foundation and each farm (licence contract), aimed to 
encourage lifelong learning. Although Farm Talks does not replace certification, it contributes 
in its own way to secure the quality of the Demeter brand (Derkzen, 2014).  
 
Currently, approximately 130 Dutch biodynamic farmers are participating in the Farm Talks. 
Each farm is reviewed once in a two year period at which it is characterised and evaluated 
from its biodynamic aspects. Farm Talks’ groups consist of farmers from different sectors to 
support innovative ideas and insights to develop, and to prevent very specific professional 
discussions between farmers from the same sector (e.g. on the right seed spacing of a seeding 
machine). The role of the facilitator is to structure the meeting, create a positive atmosphere, 
prevent too technical discussions, and to raise aspects that have not yet been discussed.  
 
In preparation of a Farm Talk, the host prepares the visit by self-evaluating the farm against 
eight qualities and related themes for sustainable and biodynamic farming. A self-evaluation 
manual lists each of the qualities with detailed subchapters and sets of questions. Each 
subchapter asks for the vision of the farmer on this theme, thereby stimulating not just a 
performance check but also thinking about the “why”. Asking “why” questions are important to 
connect the results on the indicators to the intrinsic motivation in order to change practices. 
Figure 2 shows examples of themes within each quality; a farmer can also define his own 
themes. Next to the self-evaluation, a farmer defines possible development actions for the 
farm.  
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Figure 2.  Diagram with eight qualities and examples of themes for self-evaluation. The 
host self-evaluates his or her own performance (maximum score of 10) on this diagram. 
 
The design of the Farm Talks process is based on the method of appreciative inquiry in which 
the focus is on a positive approach to what is possible rather than what is wrong (Cooperrider 
& Srivastva 1987; Grant & Humphries 2006). In addition, Theory U (a theory of learning and 
management) and the concept of “presencing” formed an inspiration for the design of the 
method (Scharmer, 2009; Seifter et al., 2010). Both aspects are integrated in the second 
phase to include not only rational aspects but also what can be sensed. The farm visit is 
generally structured in four phases. 
 
1. Farm tour. The visit starts with a short tour on the farm in which the farmer introduces 
the farm and describes the characteristics and challenges while showing different aspects and 
locations of the farm.  
 
2. Characterising. In this phase, the visiting farmers and facilitator take a moment in 
silence to ‘characterise’ the farm by visualising an image, word, or picture representing the 
essence of the farm and farmer in its current manifestation. This is done before all aspects of 
the farm are discussed systematically, to let the creative, imaginative side of everyone speak. 
The images are often very different, yet with a similar message. 
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3. Peer review. After the characterisation, the colleagues score the performance of the 
farm on meta-level, using the eight qualities shown in Figure 3. The host discusses his or her 
own evaluation in comparison to those of colleagues. The discussion can focus on each quality, 
or on only those qualities on which the evaluations differ. Differences in the evaluations often 
form the basis for new insights. The discussion should result in issues to be developed in the 
future and should be linked to the farmer’s motivation. In the discussion the following aspects 
are discussed: 
 

a. What has been observed? 
b. How do you evaluate what has been observed? 
c. How did the farmer evaluate him/herself compared to colleagues?  
d. What are the issues the farmer wants to develop? 

 

Experience with the method indicates that a farmer often tends to score him or herself lower 
compared to colleagues. Discussion on why this occurs reveals that even though performance 
on a particular issue is high, the ambition of the farmer is also an important factor. A farmer 
may not be satisfied with his or her own performance on a certain theme, while the peers 
evaluated the performance as high. The idea of the Farm Talks method is that development 
can be reached on topics where focus, energy and enthusiasm are present. If working on a 
certain theme is not supported by the motivation of a farmer, results may be low and 
expectations not met.   
 
4. Decisions. Based on the discussion, the farmer decides what to work on and 
formulates actions as specific as possible. The plan is written down on a form and signed by 
the visiting farmers. A financial contribution of 75 euro made by the farmer is returned to the 
farmer after the form with signatures is submitted to Demeter.  
 

Box 2. Example characterisation 
“During a farm visit at a care farm images such as a “Rubik’s cube” or a “magician juggling to 
keep many plates in the air” and “octopus” came to the minds of the farmers present. Everyone 
was impressed by how the farmer of the care farm organised the farm around people with 
special needs, taking the person’s liking and capability as his starting point while also trying to 
deliver orders on time to retailers  and dealing with several different care institutions, various 
tasks in vegetable and livestock production and, naturally, considering the weather. Although 
said with admiration, there is a downside to such an image, a possible tension which shows 
even more strongly when all images seem to point to a similar underlying message. Follow up 
questions could be; “Do you feel such a situation as Rubik’s cube is sustainable for your 
personal health?” or “Is the complex organisation influencing the quality of the produce you 
deliver?” Not easy questions, but within a setting where the group has just shared images, it 
shows through those images that this tension was already felt and understood. Hence, the 
farmer feels “seen” by his peers, which opens up the conversation and helps the peer review.” 
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Figure 3. Example of an evaluation and aspects to develop. The solid lines represent 
the current performance of the farm on the qualities, based on peer review. The dotted 
lines indicate the intended development of the farm.  
 
 
Farm Talks as a rapid sustainability assessment tool 
We compared the characteristics of Farm Talks with critical success factors defined by De 
Mey et al. (2011) and Marchand et al. (2014) for the implementation of sustainability 
assessment tools (Table 1). The data is predominantly derived from farmers’ knowledge and 
has a high data availability and compatibility (Table 1). The qualitative approach of Farm Talks 
does not include calculations and is high in user-friendliness and transparency. The output 
accuracy and data correctness is, however, subjective and not scientifically underpinned 
(Marchand et al., 2014). The characteristics of Farm Talks are in line with those of rapid 
sustainability assessment tools (Marchand et al., 2014), except for the method of data 
gathering which is not based only on a self-evaluation by the farmer but also includes a peer 
review by colleagues.  
 
Table 1. Critical success factors for the implementation of sustainability assessment 
tools, and how these factors are addressed in Farm Talks. (The critical success factors 
and their descriptions are adjusted from De Mey et al. (2011) and Marchand et al. (2014)).  
 
Critical success 
factor 

Description Farm Talks 

Attitude of model 
user 

Values and beliefs of users 
regarding sustainability issues 

Values and perspectives on 
eight qualities are discussed 
during the farm visit.  

Compatibility Compatible with data systems 
and accountancy 

High, no quantitative data 
input required 

Data availability Availability of data for 
calculation 

High, based on farmer’s 
knowledge and experience 
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Data correctness Correctness of data used to 
calculate indicators 

Subjective 

Complexity Degree of complexity of the 
tool (i.e. complex indicators, 
calculations and interpretation 
of results) 

Low  

User-friendliness Flexible and easy to use and 
calculate 

High 

Transparency Tool and data are transparent 
on uncertainty of results 

High 

Communication aid Support and use in discussion 
sessions with farmers 

High, the tool is based on 
discussion among farmers 

Organization of 
discussion sessions 

Practical organisation of 
discussion session with 
farmers 

Described in the text. Key 
elements: discussion based 
on openness and trust; 
facilitator; transparency in 
how the results are used 

Effectiveness Relevant to use and implement  Considered relevant for 
learning and farm 
development    

 
 
Rapid sustainability assessment tools like Farm Talks can contribute to dialogue, learning and 
awareness on sustainability among farmers (Marchand et al., 2014; Triste et al., 2014). This 
strength was also recognised in the evaluation of the Farm Talks method in 2014. Attempts to 
integrate a performance function (as part of the certification procedure) in the method had a 
negative effect on the quality of the process. The Farm Talks method in its current form, 
therefore, focuses on the learning function. Such a process-oriented focus requires good 
facilitation, trust and transparency (Ansell & Gash 2008; Triste et al., 2014).     
 
Discussion 
Although sustainability assessment tools are aimed at learning and supporting decision 
making, tool adoption in farming practice has been challenging (Triste et al., 2014). Rigby et 
al. (2000) state: “Much of the measurement of indicators has, at the end of the day, largely 
resulted just in the measurement of indicators. The actual operationalisation of indicators to 
influence or lead to change, for instance in policy, is still in its infancy.” The perceived 
relevance by users, in this case farmers, of sustainability assessments is an important factor 
in the implementation of tool results and requires alignment of values between tool developers 
and users (Gasparatos 2010; de Olde et al., 2016b). Even when a tool is perceived as relevant, 
however, the assessment results are not necessarily implemented in practice (de Olde et al., 
2016b). An important reason is neglect of the process after the results: the translation process 
into meaningful practices and other farm decisions. The Farm Talks method addresses these 
challenges by involving farmers to share their values and perspectives and defining actions 
for improvement based on their intrinsic motivation.  
 
The Farm Talks method is an example of a bottom-up sustainability assessment tool (Binder 
et al., 2010). In Farm Talks, the majority of decisions related to tool development (e.g. 
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definition of sustainability and selection of themes, indicators, reference values, weights) are 
made by the farmers during a farm visit. In other tools these decisions are often made by 
external experts (Binder et al., 2010; Alrøe & Noe 2016). The Farm Talk method provides a 
structure for the assessment process (preparation and visit) and eight pre-defined qualities for 
sustainability of biodynamic farming to focus on. During peer review, farmers discuss these 
eight qualities and develop a joint and context-specific understanding of each quality and the 
performance of the farm at that moment. In an implicit manner, they decide what is important 
in sustainability and biodynamic farming and discuss how this should be evaluated. This active 
involvement of farmers in the development of the tool can contribute to mutual learning and a 
sense of ownership (Triste et al., 2014). Farm Talks thus reduces the risk of a mismatch of 
value judgements between tool developers and users. Critical success factors for the adoption 
of tools are also addressed in Farm Talks (Table 1) including the availability of data, limited 
input of time and budget, user-friendliness as well as language use, tool accessibility and a 
context-specific approach (Lynch et al., 2000; Van Meensel et al., 2012; Marchand et al., 2014; 
de Olde et al., 2016b). By jointly formulating actions for improvement during the assessment 
process, the method supports farmers to apply assessment results in their decision making 
and turn the assessment into transformation. 
 
Whereas the ability to incorporate farmers’ perspectives and values in sustainability 
assessments is a strength of the method in terms of joint learning, and a possible solution to 
the problem of tool adoption, it also presents a weakness as the method is highly malleable 
and hence not suitable for performance benchmarking. The qualitative and implicit method 
enables farmers to define what is important for sustainability of biodynamic farming, however, 
it is highly subjective and not scientifically underpinned. Assessment results cannot, or only to 
a very limited extent, be used in comparative analysis of the sector. Here, again, it is important 
to acknowledge what function the tool is aimed at since unacknowledged tensions between 
functions may lead to situations in which neither the one nor the other function is fulfilled 
(neither performance measurement nor learning). Benchmarking in order to rank performance 
for a general public requires externally validated data whereas tools aimed at learning benefit 
from a design aimed at “sense making” of outcomes in very specific contexts. Indeed, function 
confusion was also part the decision to change the method of Farm Talk at a certain point in 
the method development to focus on learning only.   
 
Each Farm Talk is different as it reflects the frame of reference (knowledge, norms, values, 
interest and convictions) of the host and visiting farmers (Te Velde et al., 2002). The diverse, 
qualitative and context-specific results of Farm Talks are not suitable for comparison between 
farms, benchmarking or certification, as was recognised in 2013. This may present a 
weakness for more quantitative oriented stakeholders such as food industries, municipalities 
and banks (Bell & Morse, 2001). This issue, the lack of formal recognition at institutional level, 
was also recognised as a challenge in participatory certification in organic agriculture as 
introduced by IFOAM (Nelson et al., 2010). At the same time, both quantitative and qualitative 
approaches to sustainability are inherently subjective and connected to value judgements and 
diverse perspectives. Transparency in sustainability assessment tools (e.g. on value 
judgements, assumptions, function and objectives) is important to prevent a mismatch of 
expectations among those involved. 
 
Experiences with Farm Talks indicate that a combination of a qualitative learning function and 
a performance-oriented focus (i.e. certification) results in pressure on the dialogue process of 
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the Farm Talk itself which can affect the quality of both the assessment process and its 
outcomes. Similarly, Nelson et al., (2010) discussed the risk of social and personal conflict 
resulting from the dependency on peer assessment outcomes as a challenge in participatory 
certification. This indicates that the functions (learning and performance) involve different 
priorities and requirements. Separating functions, as suggested by Triste et al., (2014), is 
therefore needed to reduce the risk of tensions. Moreover, in a learning and process-oriented 
tool, like Farm Talks, the willingness of farmers to participate and actively engage is a 
precondition. Although it is self-evident that this willingness is a critical factor for the adoption 
of the tool, where and on what aspects willingness is present can be seen and strengthened 
through appreciative inquiry during the assessment process itself, while in more top-down, 
expert-based tools unaltered and unspecified willingness is often assumed to be there. Linking 
assessments to the intrinsic motivation and willingness might be critical for the implementation 
of the results from other tools which have less focus on the process of translation. Evaluation 
of how Farm Talks, and other sustainability assessment tools, bring about change is urgently 
needed. 
 
Conclusion 
Limited adoption of sustainability assessment tools is seen as a challenge in the transition 
towards more sustainable farming systems. The Farm Talks method presents a novel 
approach to sustainability assessments in agriculture by using peer review and enabling 
farmers to define what they consider important for sustainability and biodynamic farming. It 
can be categorised as a rapid sustainability assessment tool, and we showed its advantages 
(i.e. limited investment of time and budget, high data availability, high user friendliness and 
limited complexity) and disadvantages (i.e. subjective output accuracy and data correctness). 
The Farm Talks method presents a qualitative and implicit approach to stimulate learning, 
reflection and awareness among farmers. As the initial combination of learning and 
performance functions in the method caused tensions, Farm Talks continued as a learning-
oriented method. The method enables farmers to define actions for improvement based on 
their intrinsic motivation, and could therefore support the implementation of assessment 
results.  
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livestock production 
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Abstract: Sustainable assessment seems to be quite complex to do because there are 
different ideas of what exactly should be ‘sustained’ in terms of degraded natural resources 
(soil and water insecurity) and/or socioeconomic challenges (economic growth, threatened 
rural livelihoods, social injustice). Even if sustainable development lacks clarity, it supports the 
common wish of welfare and wellbeing for all, now and in the future. As the development of 
assessment methods towards sustainability often aims to design more productive, sustainable 
production systems that are less harmful to the environment, we propose in our contribution 
to focus on social sustainability such as animal welfare which directly impacts on wellbeing of 
humans and animals but also on the efficiency of farm production. In fact, animal welfare is 
here assessed through animal pain indicators which mix animal welfare concerns, animal 
health issues and animal breeding efficiency (animal pain inducing more work time for farmers 
and a lower growth rate for animals). But animal pain seems hard to objectify depending both 
on self-sensibility of humans and on the status of animal species considered. It also depends 
on the breeding experience of farmers and social interactions they have with various experts 
such as veterinarians or researchers. This is why we have considered in our contribution the 
case of bovine and pig breeding in which both the status of animal sensibility and the 
organisation of expertise between farmers and their advisors differs. We have used two 
different ways to study how the stakeholders deal with animal pain. First we have gathered 
breeders, veterinarians, farm advisors and trainers in two focus groups (FC): the first one has 
been focused on empirical pain assessment, the second one on appraising procedures 
experimented with by scientists and engineers in order to better manage animal pain on farms. 
We have then conducted two qualitative surveys: one on farm and one to grasp how farmers, 
veterinarians and technicians interact to share information and knowledge about animal pain 
assessment in order to better manage farm animals.The first FC led us to clarify the 
dimensions of a practical assessment of pain combining variability of perception, problem 
detection and qualification of pain. The second FC highlights the delicate division of roles 
between stakeholders and the practical constraints and resources of a better management of 
animal pain. The first qualitative survey shows the relative absence of animal assessment by 
farmers, except when it is connected with an illness. The second qualitative survey describes 
the condition of mutual learning between farmers and advisors for catalysing practical change 
in animal pain management. 
 
Keywords: Animal pain assessment, animal pain management, sustainable animal breeding, 
innovative farm practices  

Introduction 
Sustainable assessment seems to be quite complex to do because there are different ideas 
of what exactly should be ‘sustained’ in terms of degraded natural resources (soil and water 
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insecurity) and/or socioeconomic challenges (economic growth, threatened rural livelihoods, 
social injustice). Even if sustainable development lacks clarity, it supports the common wish 
of welfare and wellbeing for all, now and in the future. As the development of assessment 
methods towards sustainability often aim to design more productive, sustainable production 
systems that are less harmful to the environment, we propose in our contribution to focus on 
social sustainability such as animal welfare which directly impacts on wellbeing of humans 
and animals but also on the efficiency of farm production. 
 
Measuring "animal quality of life" as a key element of sustainable farming 
Livestock systems are generally designed to optimise production costs while ensuring food 
safety (by minimising biological and chemical risks) and preventing animal health issues. 
According to an AFSSA survey (Lafay, 2009), such designs are accompanied by an 
intensification of livestock production systems within an increasingly controlled environment, 
affecting the living conditions and welfare of farm animals (Fraser, 2008). This leads to a rise 
in animal welfare concerns, initially expressed by animal rights advocates but gradually 
becoming a mainstream social issue (Dantzer, 2002). This is one of the main reasons animal 
welfare now forms part of the European agricultural policy agenda (Bourdon, 2003). This led 
to the financing of a scientific research project Welfare Quality (2004-2009)1 to develop a 
methodology for animal welfare assessment including health, food, behaviour and housing. 
Such an assessment fits well within a systems-oriented approach to quality of life in farming 
both for farmers and farm animals, since improved animal behaviour facilitates handling and 
consequently reduces working time for humans. It is also a good indicator of sustainable 
farming characterised less by intensification and more by an efficiency of interactions. More 
recently, an Animal and Society meeting in France has focused on animal pain as a major 
societal issue2. One of the outcomes of these meetings was to call for a multidisciplinary 
scientific assessment of animal pain, in order to identify, understand and minimise pain in farm 
animals3. 
 
Management of animal pain in livestock production systems 
Animal pain is obviously an important factor within animal welfare (Phillips, 2009); it also has 
the specific advantage – as illustrated in the case of lameness – of closely articulating health, 
wellbeing and productivity in both dairy production (Green et al., 2002) and breeding sows 
(Willgert, 2011). The measurement of animal pain, moreover, is highly context dependent, 
varying according to farmers’ experiences and the human-animal relationship. Pain 
assessment in animals presupposes a strong knowledge of animal behaviour in order to 
correctly interpret signs of pain, particularly as such signs may be masked by animals’ atavistic 
behaviour, seeking to conceal weaknesses so as not to appear vulnerable to predators. Pain 
assessment seems then to be an on-the-ground sustainable farming indicator because animal 
pain detection implies that farmers will react quickly to solve problems and improve their 
management practices. Animal pain management is therefore both a local and a global 
challenge, with social pressure to reduce animal pain becoming increasingly important 
(Coleman, 2009). The challenge then is to objectify pain measurement so it may serve (i) as 
information about a dysfunction, (ii) as a risk-assessment for livestock losses, and (iii) as a 

                                                           
1 http://www.animalwelfareplatform.eu/Welfare-Quality-project.php 
2 http://agriculture.gouv.fr/sites/minagri/files/documents/pdf/Animal_Societe_Reu_cloture_Doss_Presse.pdf 
3 https://www6.paris.inra.fr/depe/Media/Fichier/Expertises/Douleurs-animales/Synthese-Douleurs-Animales-
version-anglaise 
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basis for decision-making on the farm. Such a measurement may then function as a 
sustainability standard. 
 
Pain assessment in generic and singular terms  
The extension of such a standard to the farm level, however, raises questions about farmers’ 
training in the use of analgesics, about the supervision of analgesics by veterinarians (who 
normally have sole authority for the medical treatment of pain), about the feasibility of 
analgesic use on the farm, and of course about the cost of such treatments (Mellor, 2009). 
Even for veterinary staff, it can be difficult to assess the benefits of analgesic use, particularly 
since common criteria cannot be used to evaluate all types of pain (acute or superficial, 
punctual or chronic, neuropathic, etc.) for all species (Gaynor & Muir, 2008). The limitation of 
an objective pain assessment lies in the fact that there is no established ‘gold standard’ or 
generic means of comparing different measurements.  This means animal pain assessment 
will be based on subjective interpretations of animal behaviour by a variety of observers who 
may be farmers, veterinarians, or technical advisors. It is around these issues of pain 
measurement, definition of an appropriate analgesic treatment, and support for farmers in 
animal pain management that a multidisciplinary project called AccEC4 was set up three years 
ago.  
 
For the purposes of the project, a multi-actor approach was developed gathering together 
researchers, technical institute engineers, technical advisors or trainers, and farmers’ 
representatives from two livestock sectors (dairy cows and pigs). Two qualitative 
investigations were conducted: the first with dairy and pig farmers to understand how they 
manage animal pain on their own; the second with veterinarian-technician-farmer trios to 
understand how they inform one another about animal pain, how they assess it, and what 
decisions are taken. This qualitative approach was coupled with experimental protocols 
evaluating pain from dehorning (cattle) and tail docking (pigs) within the context of animal 
behaviour assessments, in order to study whether a standard pain assessment is applicable 
at ground level. The results of these protocols were discussed in two focus groups (cattle and 
pigs) bringing together different actors (farmers, veterinarians, technical advisors, trainers) 
from each sector. The advantage of considering two animal species (cattle and pigs) is that 
human perceptions of animal pain should be different (Phillips & McCullough, 2005;  Heleski 
& Zanella, 2006). 
 
Livestock management that relies on knowledge of animal behaviour 
The objective measurement of animal pain implies both attentiveness to animal sensibility and 
a high level of concern for the detection and resolution of animal-based signals of potential 
livestock problems. The livestock systems (dairy cattle, pigs) considered here are both 
characterised by a continuous use of monitoring indicators and an awareness of the impact 
poor animal welfare (or animal pain) can have. Thus in pig farming, monitoring is everywhere:  
 

"When I enter the livestock building, I detect right away if there is a heavy 
atmosphere, bad temperature or ventilation, or other technical alerts that may affect 
the living condition of animals. Then I visit each pig box to look at the overall 
appearance of pigs: How are they distributed in the box, are they grouped or not? 

                                                           
4 Accompagner la prise en charge des douleurs animales à l’écornage et la caudectomie, financed by CASDAR 
fund of French Agriculture Department 
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Are they lying in a bad area? Have they eaten? Have all animals eaten or not? Then 
we come to the individual level to observe if some animals look different, have an 
abnormal gait, isolate themselves…" (Pig farmer).  

 
In dairy farming, livestock monitoring likewise relies on technical indicators, primarily milk 
production but also on observations of the cows’ behaviour during milking, feeding, housing 
or locomotion. Farmers organise their work around the need to be a good animal keeper.  
 

"What is difficult in our business is ... you need to have a good eye on animals. If 
you handle them too fast, you will miss a lot of things like coming into heat, which 
impacts reproduction, or the development of an illness, which may affect herd health 
overall. Sometimes you hear coughing, you say oh it’s okay, but the next morning 
you come back and your animal is dying" (Dairy farmer).  

 
There is a similar attitude in pig handling:  
 

"We need to spend more time with our swine to get to know them. Farmers or 
employees who are not familiar with animals can’t see when an animal is sick. They 
look at them without seeing them." "A good pig farmer, when he moves behind the 
sows, he knows immediately if they are coming into heat again. In the same way, 
he can see before everybody else when an animal is declining. It’s a question of 
feeling with the animals. Personally I don’t have it, it’s my wife who see things 
earlier" (Pig farmer).  

 
Similarly, the livestock breeders we interviewed say they must "keep an eye" on their animals 
as the best way of preventing problems among the livestock. But they must also "keep an eye 
on farm performance, because everything is connected: you have to check that the two 
(animals and farm) go together, it's the most interesting and the most complicated part of the 
job" (Dairy farmer). Livestock management is then a delicate balance between animal 
performance and animal welfare. 
 
An attention to animal behaviour at different life stages  
Animal behaviour is not just what an animal does, but also when, where and why it does what 
it does. Assessments of animal welfare will thus take a different form according to the animal 
species and its life phase. In the pig sector, monitoring during the fattening stage (finishing 
pigs) and the gestational stage (pregnant sows) is primarily delegated to automated systems. 
Monitoring consists of checking that the automatic distribution of feed is working properly and 
that the building conditions are correct (temperature, ventilation). Basically, "everything is 
under alarm, and if there is a problem, it sounds". The situation is quite different, however at 
certain risky phases of the animals’ life (such as birth, weaning, or pregnancy).  
 

"During the piglets’ birth, for weeks say, I do day-and-night monitoring, it's 15-16 
hours per day for 2 days. You have to prevent the crushing of the young by the 
sows, who are uncomfortable with them. You have to check that they’re not cold, 
that they’re not shivering, in order to save them from death. It’s a lot of work" (Pig 
farmer).  
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Taking care of young animals also brings a lot of feeling to the work of farming: "I like the birth, 
when I can save many young. That's rewarding, although sometimes it fails: last night, I lost 
three piglets; it bothers me a lot" (Pig breeder). In fact, the time spent with the piglets enables 
breeders to improve their farm output. Likewise, the careful monitoring of pregnant cows or 
sows provides a return on investment, because it guarantees the capital which makes the farm 
sustainable. "Losing a sow is more annoying than losing a piglet, we spend more time with 
her, and the sow has a zootechnical history so we know all of its performance" (Pig breeder).  
 
But taming animals remains a central challenge for breeders:  

 
"We try to spend a lot of time with new sows in quarantine, so they will be quiet in the 
maternity room. All this time spent will be recovered in breeding performance, with 
animals that are less fearful and easier to manage" (Pig breeder).  
 

Since cattle breeding is less intensive than pig breeding, with fewer animals and a lower 
reproductive rate5, dairy farmers tend to have a more individualised approach to their animals. 
As one farmer with both cows and pigs put it: "We become less attached to a pig than to a 
cow. It depends on the species, on the way of breeding… With cattle, we work more at an 
individual level while with sows, we always manage a group of animals." This attitude likewise 
reflects the greater economic value of a cow relative to a pig. "With cattle, you must save the 
cow first, it’s your main means of production. With pigs, the sows cost less and can be replaced 
more easily. A sow, it's not big capital, but a cow is" (Cattle and Pig breeder). This attachment 
to cows is also linked to the fact that they spend much longer on the farm than pigs or sows. 
So the capital is not only economic but also relational. 
 
An animal pain assessment both clear and ambiguous 
These qualitative investigations show that farmers rarely evoke pain spontaneously; they 
associate it with injuries (lameness), with specific life phases (birth, weaning, etc.), or, more 
often, with disease. This is partly due to the difficulty of identifying signs of animal pain: 
 

"Cows’ behaviour it is not easy to grasp because they express pain poorly" (Cow 
breeder). "Sometimes, when you look at a sow, you don’t see any trouble, but the 
day after the animal could be in a completely bad way. It’s something underlying 
that was there, but very hard to see. Something in its eyes, you have to grasp…” 
(Pig breeder). 

The scientific assessment of animal pain has detailed three kinds of behaviours (Weary et al. 
2006): behaviours directly related to pain, such as increased vocalisation or specific attitudes 
(posture, facial expression); alterations to normal behaviour such as reduced locomotive 
activity (walking, running, stretching, etc.), loss of appetite; incongruous choices made by 
animals. These indicators are concrete and relevant for people in contact with animals, but 
they can also be generic to a lot of farms. A pig farmer sums it up: "I listen when all is calm, 
without any groan or scream. Then I look at each pig box, if some animals stay alone, if they 
are eating regularly, if they move comfortably or stay in a cold or dirty place, which is 
abnormal."  

                                                           
5 In 2010, the average size of a cattle farm was 60 cows, versus an average of 200 sows in pig farming. A cow 
calves every two years, while a sow gives birth to 12 piglets every six months. 
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The primary indicator could be a change in animal posture or appearance or a behaviour which 
is "unusual." The two most important warning signs are a drop in animal production or 
anorexia, as explained by a dairy farmer:  
 

"A cow that doesn’t eat and/or produces a low quantity of milk is probably in very 
bad health, but such a state can also be linked to its walking, how it holds its head, 
if it’s breathing is difficult or if it’s coughing ... there are many signs that show you 
that an animal is really bad." 
 

But although these signs are apparently easy to recognise, it is difficult for the breeder to 
assess the severity of the pain they express. Most breeders report observing silent pains they 
cannot explain: "Lameness is very visual, we see that the cow is having trouble walking when 
it walks but it's not so serious. But in other cases you feel the cow is wrong without being able 
to explain or solve it. Moreover, different cows can express the same pain differently 
(according to temperament), which makes it confusing as to the seriousness of the pain" 
(Cattle breeder). 
 
Despite these differences, the best way to recognise pain lies in a good awareness of animal 
behaviour as it relates to animal production, which remains an indicator of poor animal welfare: 
 

"Depending on where an animal is injured: if it’s a limp - falling production will be 
gradual because the animal will eat less; if it’s something strange eaten by the cow 
- it will be more sudden; if the animal is lanky without rumination - it's a big pain in 
the paunch and then it’s very dangerous." (Cattle breeder). 
 

Detection is much more complicated in pigs, first of all because observation of animals is more 
collective, often at the farm level. It is also difficult to distinguish an individual behaviour among 
a large number of animals kept in boxes at a high density. 
 

"A sow ... when it doesn’t get up or doesn’t eat, we take its temperature, but it’s hard 
to specify the problem, so we will administer a general medical treatment (antibiotic, 
anti-inflammatory, and so on…). With cows, it seems to me easier to target the 
problem, but with sows it is quite difficult" (Pig and Cow breeder).  

 
Various relationship between breeders and vets in assessing animal pain 
Faced with an unknown pain, farmers generally call their vet whose intervention depends on 
animal-human relationships (more individual in cattle breeding; more collective in pig barns). 
Cattle vets are likewise more focused on individual pathologies, as one explains: "I’m generally 
called for a particular case. So I will not scan the herd unless I’m seeking the cause or the 
spread of an individual pathology by looking at the rest of herd. I don’t look for it in particular, 
but I remain open to everything." In the pig barn, therapeutic intervention is more collective, 
and tends to rely on monitoring systems as diagnostic aides because of the difficulty of 
identifying individual animal behaviour problems. The veterinarian’s intervention is thus both 
curative to treat the suffering animal and preventive to reduce the risk of the problem spreading 
to other animals on the farm. Besides pig vets work in close interaction with farm technical 
advisors, both belonging to the same hog processor groups. So the porcine veterinarian’s 
intervention is thus part of an overall monitoring system for the pig operation including both 
animal health and animal performance. 
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However, veterinarians and farmers have different methods for assessing animal pain. 
Veterinarians focus more on clinical signs, using their knowledge of key indicators of pain 
levels and medical risks for animals. They can also measure pain using specific tests: "With 
the clinical assessment, we are able to quantify blood glucose with CPK, to quantify lactic 
acid with a bit of biochemistry." (Bovine vet). Farmers are more attentive to chronic or recurrent 
pain affecting animals over longer periods of time.  
 

"I mean, lameness in cattle is the most painful for me because of its duration. It is 
more subtle than pathologies such as mastitis or digestive diseases, which are more 
sudden and intense but also shorter because we intervene quickly. It’s more difficult 
to cure something latent, you can’t fix something when you can’t precisely identify 
the cause and the impact." (Cattle Breeder) 

 
In the pig sector, farmers, veterinarians, and technical advisors are continually challenged to 
assess animal pain according to pigs’ behaviour.  
 

"It is not easy to assess pain. When a pig has a prolapsed rectum, he doesn’t 
express much pain. But it may be a false impression!! On the other hand, pigs can 
squeal a lot in non-painful situations, like when they’re being caught by the farmer." 
(Pig Vet).  
"It’s hard to know if there is pain or not, because in fact the pigs are always 
squealing. Maybe they’re just squealing because they’ve been picked up, but 
maybe too we have to consider that stress induces pain." (Technical Advisor). 

 
Assisting farmers in the management of animal pain 
In pig rearing as in dairying, farmers typically do not make use of the concept of animal pain 
as such in their work; they are more concerned with animal welfare or health as an aspect of 
housing or rearing conditions for animals on the farm. As noted above, the AccEC project 
focused on livestock production practices which clearly appear to be painful for animals 
(dehorning, tail-docking, castration). But for many farmers, they have specific advantages: 

 These practices protect animals against the risk of injury, particularly in situations of 
high animal density. This is the case with dehorning for cattle and tail-docking6 for pigs. 

 These practices make it easier and/or safer to handle the animals (dehorning, 
castration); 

 These practices improve meat quality (elimination of foul odours for male swine; 
reduction of ‘slash’ on cattle carcasses). 

Farmers also argue that although dehorning for cattle and castration and tail-docking for pigs 
are painful, the pain is temporary and has no permanent effect on the animals. Similarly, pig 
farmers note that in the nursery pens the piglets return quickly to the sow’s teats after the 
procedure and that these supposedly painful practices have no impact on pigs’ growth or 
performance: 

                                                           
6 The natural behaviour of pigs is to forage in search of bugs, seeds and roots. Even when pigs are not hungry, 
they still look for food by rooting in the soil and gnawing all sorts of things. It is therefore important for them that 
the pigsty contains something for them to play with. Otherwise, as in the case of many pig buildings with concrete 
floors, natural pig behaviour can escalate into problems like tail biting. Although many farmers try to enrich the 
pig box environment with toys, chains, or even just straw, it is not always enough to stop tail biting, which can 
cause serious injury or even death. Hence the longstanding practice of tail docking, which greatly reduces tail-
biting behaviour. 
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“You castrate a piglet, then lay it down on the ground, it will quickly go back to suck. 
So you presume that it’s painful, but it isn’t really clear. If you just pick up a piglet, it 
will squeal; you manipulate it without doing anything, it squeals. For sure when you 
castrate it, it squeals, but no more than if you do nothing.  People say, ouch, 
castration, the poor thing, well ... you can see they are a little shaken, but they 
recover very fast and the following day it is as if nothing has happened, the healing 
is impressive…” (Pig breeder) 
 

If cattle breeders recognise that dehorning is painful, they also consider it “a blessing in 
disguise, because it enables them to be quiet all their lives.” To handle animal pain by 
administering analgesics can be very restrictive for farmers in terms of work organisation, drug 
action time, and management of the animals afterwards. On the other hand, they recognise 
that having less-stressed animals can facilitate their work.  
 

"At first, I dehorned without anesthesia. Now I use analgesics and it will be better 
because the calves go back to eat without apprehension. It's better for the animal 
and it’s better for us because the calf doesn’t move around when we dehorn, so it's 
easier." (Cattle Breeder). 

In this way, farmers’ management of animal pain seems to be governed by a cost-benefit 
analysis (Mellor et al., 2009). Through experimental dehorning trainings (including those 
initiated by AccEC project), farmers can reconsider the cost-benefit balance of different 
dehorning practices. First, they are made aware of the main issue involved, through an 
explanation of the calf’s anatomy, showing that the horn is easily removed at a young age. 
Technical training can then develop a better dehorning gesture and the use of tools to make 
the job simpler and effective even with a very small horn bud.  

 
“Since the training, I use a gas dehorner. It's very convenient and faster. Before, we 
burned the horns at two or three months, it was hard to do with strong animals. 
Today I do it with calves that are 15 days old. Following the trainer’s advice, I bought 
small electric clippers to cut the hairs just around the horns, so I can see them better. 
Next, I simply place the iron and turn it well around. It's almost an instantaneous 
pain and the calves go back to eat quietly after being dehorned.” (Cattle Breeder). 

 
In other words, the pain reduction was first registered more on a technical level than on a 
therapeutic one. In fact, one of the major constraints to dehorning encountered by farmers lies 
in animal handling. Training can present the interest of administering a sedative to the animals 
to facilitate the farmers’ work. This practice, however, raises the question of farmers’ ability to 
administer the correct dose of such drugs. Faced with this requirement and also because of 
the drug action time, most farmers prefer to use a mechanical restraint on calves. 
Nevertheless, the practice of sedation is easier to do on dairy cattle, and tends to be more 
widely used in the dairy sector because it improves welfare for both animals and farmers.  

For pig farmers the issue is quite different because it is much more difficult to assess pigs 
during castration and/or tail docking than calves during dehorning. The analgesic protocols 
used during the AccEC project experiments confirmed this. Even where some light pain 
reactions were detected, they were insufficient to prove the advantage of analgesics. The 
advantage of animal pain management in this case is less in terms of farming practices and 
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more on the social level, as a way of improving the social acceptability of the pig sector. For 
this reason, the focus group concentrated on debates surrounding the integration of all piglet 
processing, such as castration and tail docking, under only one drug administration, thereby 
reducing the impact of the management of animal pain on farmers’ practices. All stakeholders, 
however, argued that tail docking, teeth grinding, and castration should be carried out at 
different ages for practical and health reasons. As in the case of dehorning, then, the challenge 
was less to suppress pain with analgesics than to reduce it through better farming practices. 
The AccEC project is thus attempting to develop better guidelines for tail docking in order to 
prevent improper healing of the tail. But the main factor driving this practice remains the fact 
that not doing it can have dramatic outcomes for pig rearing.  

 
"I stopped tail docking once because the piglets had arthritis in their tails. But quickly 
I was confronted with cannibalism among the fattening pigs. It can degenerate in 
six hours, you can come in in the morning and see nothing, but then go back in the 
afternoon and find a pig so eaten by the others that you have to euthanise it… blood 
everywhere!" (Pig breeder).  
 

An outcome of the AccEC project in the pig sector was to construct a self-assessment grid for 
farmers regarding tail-biting risks. Here again, the challenge with animal welfare application is 
to find a good balance between animal sensibility and farm efficiency as a guarantee of 
sustainable farming. 
 
Concluding Remarks 
The goal of our proposal was to describe the issues surrounding better management of animal 
welfare as a benchmark for sustainable farming. Animal welfare is understood by farmers to 
be a central dimension of their breeding practices, but its implementation in agricultural policy 
is perceived as a top-down standard which ignores basic on-the-ground realities. Taking 
animal pain into account thus leads one to mix subjective and objective assessments of the 
living conditions of animals in farms. In this way, pain assessment expresses a tension 
between generic and singular approaches to measurement. In our study, we first sought to 
better understand what can be described as an animal alert on the farm according to the 
farmer’s sensory appraisal of animal behaviour. But this subjective assessment has to be 
objectivised by comparisons among animals’ performance to grasp the nature of the alerts 
which differ between cattle and pigs. Even if signs of discomfort among animals are apparently 
easy to recognise, it seems difficult for breeders to assess the nature and severity of the pain. 
It leads individual assessments to become collective through interactions between farmers 
and veterinarians or technical advisors in order to discuss with others and justify the measure 
which has to be taken face to pain. This exchange also leads to the differentiation of acute 
and chronic pain according to the impact on herd performance. In this way, painful practices 
such as dehorning or tail docking are considered less problematic than diseases or lameness 
because of their brief nature, although the second may affect breeding on a long-term basis. 
This induces a cost-benefit assessment of animal pain in farms. Therefore, the costs of pain 
management in dehorning practice balances drug costs and much more time spent on 
dehorning on one side with easier dehorning work and better animal recovering after surgery. 
But in tail docking the cost-benefit analysis will be disadvantageous:  the brief and invisible 
pain of tail docking is also confronted with intense and long pain (tail biting) when the latter is 
not practised. 
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That the analysis of the management of pain enlightens us is the necessary conjugation 
between synchrony and diachrony of pain assessment from a perspective of sustainable 
breeding. Pain management is also conditioned by the future consequences of potential pain. 
This appears especially in animal births, where too much pain for mother could affect the 
health of the young (Mellor & Stafford, 2004)  
 

"Calving, all that is surgery. This can be very painful. Now I think more how to assist 
more calving, to make it go as well as possible for the cow." (Cattle Breeder)  
 
"We always take into account animal pain during birth. When sows have pain, it 
makes them aggressive, so we give a painkiller to them." (Pig Breeder).  
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Abstract: The increase of irrigated crops in Saïs Plain has led to an alarming aquifer over-
exploitation and has contributed indisputably to price volatility related to the saturation of local 
and national markets. Consequently, these dynamics put the sustainability of farms at risk. To 
better evaluate how farmers consider the sustainability issue, responses were collected from 
a survey (covering 40 farms) related to farmers’ perceptions and attitudes towards the 
sustainability concept. The environmental issues, taking into consideration that they are the 
responsibility of public bodies and policies, did not feature prominently as a key priority for 
farmers. In fact, to bring into focus the inherent weaknesses of farmers’ agricultural practices, 
the IDEA method was adapted to evaluate the sustainability of 14 farms. Methodological 
changes concerned: (i) score weighting, in order to highlight local issues; (ii) removal of 
irrelevant indicators; and (iii) addition of major local issues. The method enables each single 
type of farmer to better identify weaknesses that they can improve. Also, it arouses reflections 
regarding the technical reasoning as well as the value systems on the origin of the farmers’ 
decisions. However, most farmers were not individually concerned by environmental issues 
addressed by IDEA. They were mostly concerned about economic aspects as key drivers for 
their decision-making processes and their perception of sustainability. The discussions of the 
IDEA results yielded two main reactions: (i) farmers’ intent to secure on-farm income through 
diversification of productions; and (ii) farmers’ willingness to take economic risks, especially 
in speculative horticulture value chains. 

Keywords: Sustainable development, assessment methodology, farming system, farmer’s 
perception 

 

Introduction 
Since the emergence of the concept of sustainable development, local and international 
organisations have called for methodologies aimed at assessing sustainability (ONU, 1992). 
This call had led to an expansion of assessment methods based on different tools such as 
indicators, multi-criteria analysis or assessment-based modelling. These three methods are 
applicable to different scales (Ness et al., 2007). Several authors have stressed the relevance 
of the farm scale, which takes into account all the practices (Thivierge et al., 2014), to assess 
agricultural sustainability (Häni et al., 2003; Pacini et al., 2003; Van Cauwenbergh et al., 2007). 
The farm overall perspective provides opportunities to improve sustainability and give useful 
tools helping: (i) farmers to assess sustainability of their farms in order to identify weaknesses 
and areas for improvement in managing their future operations (Rodrigues et al., 2010); (ii) 
advisors to identify new skills and tools for addressing sustainability issues at farm level (Zahm 
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et al., 2008); (iii) researchers to design innovations that can enhance agricultural sustainability 
in local contexts while supporting farmers in their evolution (Dogliotti et al., 2014; Ryschawy 
et al., 2014); and (iv) policy-makers to maintain and encourage environmentally-friendly 
systems through appropriate financial support (Van Calker et al., 2008). 

Most of the evaluation methods of sustainability do not provide a transdisciplinary approach 
to farming and sustainability issues; they are principally assessing a ‘‘snapshot’’ state of 
agricultural systems (Duru & Therond, 2015) or discarding farmers' decision-making 
(Darnhofer et al., 2010). However, the farm in a systemic approach must be considered  a unit 
composed of different subsystems: farmers, including their personalities, skills, long-term 
goals, values and lifestyles (Gafsi & Brossier, 1997); and manifold subsystems including 
cropping and livestock systems (Fairweather & Campbell, 2003; Schmitzberger et al., 2005). 
Indeed, farm management is influenced by the farmer perceptions, preferences and risk 
aversion (Burton & Wilson, 2006) as well as by his/her economic framework, social norms, 
local agro-ecosystem and the farm structure (Slee et al., 2006). 

Methods of sustainability evaluation have mostly been developed in northern agricultural 
contexts, for instance AGRO*ECO (Bockstaller et al., 1997; Girardin et al. 2000), MOTIFS 
(Meul et al., 2008), IDEA (Zahm et al., 2008) or EVAD (Rey-Valette et al., 2008). Only some 
of these methods have been adapted and used in southern countries where there is a need 
for greater assessment of the farming systems’ sustainability (Fadul-Pacheco et al., 2013). 
Moreover, works that combine ecological, social and economic sustainability with farmers’ 
perceptions of sustainability, are still lacking (Darnhofer et al., 2010). Based on a study 
involving 40 farmers in the Saïs Plain (Morocco), this paper aims to evaluate farmers' 
perceptions of the sustainability concept by using and adapting a formal evaluation tool called 
IDEA (Farm sustainability indicators). We outline how we approached the adaptation of the 
IDEA method, a tool based on a selection of indicators and originally designed for the French 
context. Also, we discuss the relevance of this method to the community of farmers by 
benchmarking their perceptions of sustainability and decision-making before and after IDEA 
was carried out. 

Context and methodology 

The Saïs Plain context 
Prior to the drought of 1980, Saïs' farming systems were dominated by rainfed agriculture 
(cereals, legumes, olive and almond trees) associated with small herd livestock (sheep and 
cattle). Following this period, farmers progressively turned to the use of groundwater through 
individual wells and irrigated crops, enabling the emergence of horticulture (onions and 
potatoes) followed by orchards (peach, plum, and grapes). Today, Saïs displays a huge 
diversification of farms depending on resource availability and individual farmer’s strategies. 
Three types of farms have been identified based on a 40 farms survey. T1 farms are close to 
the initial traditional system farms combining rainfed crops and livestock on land without water 
access. T2 farms have access to irrigation while maintaining production diversity based on 
rainfed crops, irrigated crops and livestock. T3 farms are specialised in various orientations 
(irrigated vegetables, irrigated fruit trees or milk production). Furthermore, the extension of 
irrigated crops had led to over-exploitation of the aquifer (Quarouch et al., 2014). The increase 
in production (vegetables and recently fruits) and the lack of farmer associations and low long-
term storage capacities led to price volatility and saturated local and national markets (Lejars 
& Courilleau, 2014). This situation threatens not only the sustainability of the aquifer but also 
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the viability of farmers' activities (Bekkar et al., 2009). Moreover, in other countries, the 
adoption of irrigated crops showed an intensification process causing irreversible negative 
impacts on the environment. These issues make Saïs Plain, as an open-air laboratory, an 
interesting case study of the sustainability concept that can be exported to other regions of 
Morocco or southern countries where sustainability is threatened. 

The assessment methodology 
This assessment study is a continuum of a previous study analysing the dynamics leading to 
the regional diversity of family farms. It was applied to a limited sample of 40 cases reflecting 
the diverse production systems in the studied area. To evaluate how farmers consider their 
farm sustainability, we started by collecting farmers’ perceptions of the sustainability concept 
on the 40-farms sample; we asked an open-ended question to farmers about the meaning of 
farm sustainability. The word sustainability in Arabic is "daymouma, al estidama" which refers 
to a wide sense. Thus, for a more accurate sense of farm sustainability, we have embedded 
these words in a question (What does "sustainable farm" mean to you, in the sense that your 
farm continues to produce in the long run?). Since the study is still in progress, we started by 
assessing the sustainability of 14 farms. The IDEA (Indicateurs de Durabilité des Exploitations 
Agricoles) methodology was applied to assess the sustainability of family farms (Vilain et al., 
2008; Zahm et al., 2008). This method was developed in France and used in countries such 
as Tunisia (M’Hamdi et al., 2009) and Mexico (Salas-Reyes et al., 2015). Since it provides a 
holistic and integrated view of farm sustainability, IDEA takes into account the three 
dimensions of sustainable development represented by agroecological, socioterritorial and 
economic dimensions (Table 1). The sustainability value is given by the lowest score of the 
three dimensions (Hansen, 1996). The score of each dimension is obtained by summing up 
components' scores that can be up to 100 points. In the same manner, the score of each 
component is obtained by adding up indicators' scores. A theoretical framework can be found 
in Vilain et al. (2008) and Zahm et al (2008) or by consulting the IDEA website 
(http://www.idea.chlorofil.fr/). 

Table 1.  Dimensions, components and indicators of the IDEA method 
Dimensions 
(3) 

Components 
(10) 

Indicators (42) 

Agroecological Diversity Diversity of annual and temporary crops (A1), 
diversity of perennial crops (A2), animal diversity 
(A3) and animal biodiversity (A4) 

Organisation of 
space 

Crop rotation (A5), dimension of fields (A6), 
management of organic waste (A7), ecological 
buffer zones (A8), contribution to environmental 
challenge of the territory (A9), improvement of the 
space (A10) and fodder area management (A11) 

Farming practices  Fertilisation (A12), manure management (A13), 
pesticides (A14), veterinary products (A15), soil 
protection (A16), water management (A 17), energy 
dependency (A18) 

Socioterritorial Quality of 
products and the 
land 

Quality process (B1), valorization of the building 
patrimony and landscape (B2), non-organic waste 
management (B3), access to the property (B4), 
social involvement (B5) 
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Employment and 
services 

Short trade value chains (B6), autonomy and 
enhancement of local resources (B7), services and 
multiple activities (B8), contribution to employment 
(B9), collective work (B10), probable farm 
sustainability (B11) 

Ethics and human 
development  

Dependence on commercial concentrates (B12), 
animal welfare (B13), training-education (B14), 
labour intensity (B15), quality of life (B16), isolation 
(B17), quality of buildings (B18) 

Economic Viability Economic viability (C1), economic specialisation 
rate (C2) 

Independence Financial autonomy (C3), sensibility to government 
subsidies (C4) 

Transferability Transferability (C5) 
Efficiency  Efficiency of the productive process (C6) 

 

The original method was adapted to the Moroccan context through incorporating context 
elements and modifications highlighting issues pointed out by farmers and key resource 
persons. Methodological changes concern: (i) Score changing, respecting the principle of 
scoring attribution linked to the original method. This means that the weight of indicators is 
organised by priority.  Indeed, the most fundamental and general are those having more 
weight than the most specific ones. For instance, the water management score (A17) was 
increased to benefit farmers who preserve water resources; (ii) Deleting items or indicators, 
due to the absence of some settings in Saïs such as “permanent grassland” that appears in 
the diversity of perennial crops (A2) and fodder area management (A11), or the absence of 
standards and regulations such as "approved spreading effluents plan" linked to manure 
management (A13); (iii) Addition items, in order to emphasise the specific setting in Saïs such 
as share-farming (collective work (B10)), which allowed many farmers with resource 
constraints to produce and to value family manpower, or to implement some logics such as 
the balance between transmissibility and attractiveness of farm needed for a future buyer 
(which led us to add the ‘potential income’ item to transferability (C5)); (iv) Modification items 
or indicators, to adjust threshold values according to the standards prevalent in the study area 
such as crop rotation (A5) indicator, or to replace non-existing elements with others having 
the same scope. For example, quality labels and standards (B1) indicator was changed by the 
valorization of products having a value linked to the territory (onions). 

Afterward, adjusted minimum and maximum ratings were made based on tests that allow 
maximum distinction between farms. After the assessment, the outputs of IDEA were 
discussed with the farmers in order to understand their strategic choices and their perception 
of farm sustainability. 
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Table 2. Adaptations made to IDEA indicators to meet Saïs context 
 
Indicators Adaptations 
Diversity of annual and temporary crops (A1), diversity of 
perennial crops (A2), animal diversity (A3), and animal 
biodiversity (A4), quality process (B1), valorization of the 
building patrimony and landscape (B2), non-organic 
waste management (B3), access to the property (B4), 
social involvement (B5), autonomy and enhancement of 
local resources (B7), services and multiple activities 
(B8), economic viability (C1), economic specialisation 
rate (C2) 

Score changed 

Diversity of perennial crops (A2), fodder area 
management (A11) 

Item linked to permanent 
grassland removed 

Contribution to environmental challenge of the territory 
(A9) 

Deleted 

Crop rotation (A5); dimension of fields (A6), economic 
viability (C1), transferability (C5) 

Threshold values adjusted 

Sensibility to government subsidies (C4) Indicator modified to 
“possibility of financing 
investments” 

Transferability (C5) Item linked to income potential 
added 

Efficiency of the productive process (C6) Item linked to ability to 
generate value added by MWU 
added 

 

Results 

Initial farmers' perceptions of sustainability 
According to farmer’s perception of sustainability, environmental issues do not represent a top 
priority for them, whatever their production system is .This does not mean that they are not 
aware of local environmental issues; for instance, 75% of farmers are aware of the over-
exploitation of the aquifer. But only farmers affected by this problem (2 answers) or by soil 
fertility degradation (6 answers) link sustainability to environmental issues (Figure 1). 
However, their main position is characterised by the economic aspects of sustainability linked 
to the economic viability of the farm expressed by “an adequate income” (13 answers). This 
position is directly related to their own specific context. For instance, 30% of farmers state that 
they would be unable to continue farming if the volatility of vegetable prices persists. 
Environmental issues are considered to be the responsibility of public bodies and policies. 
Indeed, some farmers consider that environmental issues are not the unique responsibility of 
the farmer but of all the community. Others wonder why farmers would care about the 
environment as long as the government itself does not care about the over exploitation and 
depletion of the groundwater reserves. As a matter of fact, the government subsidises 
irrigation water access and grants licences for even more well-digging in the area. 
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For farmers, sustainability also depends on their own personal values. Thus answers such as 
motivation and labour (6 answers), preparing sons to succeed (6 answers) or building a legacy 
(7 answers) reflect the social values of the farmers. Answers linked to good quality of life (3 
answers) or to reducing drudgery (3 answers) reflect farmers’ preferences, while answers 
linked to technical know-how (2 answers) reflect farmers’ expertise. 

 

Figure 1. Meanings of sustainability perceived by the 40 farmers surveyed in the Saïs 
Plain 

Enriching farmers' and researchers' perspective by using IDEA 
The IDEA method favours diversified farms as the absence of diversification leads to technical 
weaknesses (preservation of soil fertility, dependence on purchased inputs and on markets), 
which may result in environmental and economic concerns in the long term. Hence, diversified 
farms are considered more sustainable than specialised ones. The three types of farm show 
that sustainability and weaknesses differ from one to another (Figure 2). For example, T2 has 
poor agricultural practices relating to high nitrogen balance due to strong fertiliser and high 
pesticides use. T1 on the other hand has extensive practices but a space mismanagement 
related to the large acreage of land. Lack of diversification of T3 and the low score of 
agricultural practices gives it a low agroecological sustainability but better economic 
sustainability corresponding to the good viability of this system. The socioterritorial dimension 
does not depend on the farm type. As a matter of fact, this score depends on several 
parameters related to the personality of the farmer and his/her preferences. Thus, using the 
IDEA method has allowed us to comprehend farmers’ sustainability position by refocusing the 
discussion on the concrete weaknesses of agricultural practices (nitrogen balance, lack of 
diversity or space mismanagement) and their impact on the environment. 
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Figure 2. Three farm assessment results (one of each type) representing the elements 
discussed with farmers 

Although the method did not raise any new issues that farmers were not already aware of, as 
they mentioned, it stimulated reflections regarding the technical reasoning as well as the value 
systems underlying farmers’ decisions. The 14 farmers attest that in their decision-making 
only economic aspects are taken into account. Actually, environmental concerns are 
minimised regardless of their expected future impacts. Faced with their sustainability scores, 
(10/14) farmers acknowledged the environmental limitations of their farms and justified their 
stand on economic grounds. Indeed, they aim to maximise their income and sustain their 
family, which implies the use of intensive farming practices in a context of constrained sale 
prices. Thus, intensification is implemented regardless of its eventual environmental impacts. 

Mohamed, farmer (March 2016) “Farming is my only source of income, I have no other 
alternative. I have neither a retirement pension scheme nor a health care insurance. 
So I have to think about several things at the same time, such as meeting my family's 
basic needs, coping with diseases and health risks, the hazards of everyday life (...) I 
find myself forced to enhance productivity to earn more. If I engage in preserving the 
environment (...), what I might earn, will not even allow me to meet the basic needs of 
my children.” 

(4/10) farmers ignore the impact of their practices on the environment, but their purely 
economic motivations lead to a significantly increased use of inputs. 

Abdelali, farmer, (May 2016) “we do not know exactly the crop needs, but the lack of 
fertilisers is easily noticeable on crop conditions (...) if I increase the input of fertilisers, 
the crop grows faster, allowing me to shorten its production cycle and sell more quickly 
(...). Based on my personal experience, the more fertilisers you give to a crop, the more 
important is crop performance (...) but I don’t really think that this could affect 
groundwater or soil quality.” 
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Aiming to ensure greater productivity, farmers seek to maximise the factors they are able to 
harness (chemical inputs and irrigation), then aspire to a good market cash crop. This is the 
case for instance with onion production, which uses many chemicals and water irrigation in 
order to get a high yield that will provide insurance in a context of unstable market prices. With 
rainfed productions however, where prices remain more or less stable in the market, farmers 
are pushed to engage in tinkering depending on climate variations. Tinkering refers to the 
capacity to find the best combination between rainfall and inputs that will allow a large increase 
of the yield. For example, subsequent to the drought recorded in the first quarter of 2016, 
several farmers neither treated nor applied fertilisers to cereals and legumes, given the low 
expected yield due to the drought. 

Rachid, farmer (May 2016) “The reduction in production costs related to a reduction of 
inputs for the onion crop is insignificant compared to the earnings in production (...) If 
I decide to reduce inputs, this individual change will be negligible since other farmers 
will continue intensive practices (...) to preserve the environment, we need alternatives 
such as those taken by developed countries, whereby states encourage adoption of 
environment- friendly practices through payments extended to farmers. But here, as 
long as there are no safeguards to ensure a good income, we are obliged to support 
our family by all means.” 

Several farmers however, who are aware of their intensive practices, consider that 
environmental issues must be supported by the state. They think that the sociopolitical context 
in which they operate encourages the adoption of intensive practices. The public bodies aim 
to increase production, so they promote directly (by irrigation subsidy) or indirectly (by 
importing and manufacturing of fertilisers and crop protection products) the intensive 
practices. According to farmers, the State is responsible for the effects on the environment 
and thus it is felt that only they can act on environmental issues. This could begin by making 
farmers aware of the negative effects of their practices and, thereafter, by adopting appropriate 
policies. 

Moreover, the discussion with the farmers concerning the IDEA method and its relevance 
resulted in two main reactions: (i) farmers secure their income through diversification of 
productions (4/14 of farmers), although this has a primarily economic aim it provides other 
benefits not targeted at priority but appreciated by farmers, such as synergies between 
productions, food security and livestock as savings. Besides, these farmers see themselves 
as sustainable and aligned with the principle of sustainability expressed by IDEA; (ii) farmers 
are ready to take an economic risk (5/14), especially in speculative horticulture value chains. 
The success story of precursors in orchards and the preconceptions motivate strongly farmers' 
decisions to develop horticulture. Moving forwards tree fruits’ farming represents to these 
farmers a qualitative evolution; an emancipation from agricultural hard labour and an 
aspiration for better living. They have a project to plant orchards without consideration for the 
current and future issues of fruits’ prices and water availability. These threats seem to be a 
long way off for some of them, who believe in finding adequate solutions at the moment when 
the actual threat happens. Faced with these threats, a number of farmers think of leaving the 
tree fruit cultivation adventure and going back to vegetables. In contrast, other farmers are 
more reactive and think of developing product valorization strategies (spreading productions 
in time, transformable fruits, selling in short circuit), or water resource security strategies 
(security drill, basin). 
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Furthermore, only farmers already embedded in the adventure of fruit growing, ask for greater 
state intervention in order to regulate the prices. They felt that avoiding over-production must 
be managed by the State by imposing crop areas for these speculative productions. However, 
in opposition with the IDEA outputs, these farmers consider themselves more sustainable 
according to their own criteria; such as the better viability of the farm, the higher quality of life 
and the reduction of working time. These farmers state that the lack of diversity of productions 
and the weak agroecological sustainability do not worry them. 

Discussion 

IDEA and assessment 
The method has achieved its purpose; it allowed each type of farmer to better identify 
weaknesses on which they can act if they engage in a process of evolution towards 
sustainable agriculture. However, some aspects of the farmers’ perceptions of sustainability 
have not been integrated into the adaptation of the IDEA method in order to respect its 
principles and generic design, although that would have been more compatible with the 
concept of sustainability as perceived by farmers. For example, fluctuations in market prices 
are a factor that can impact the long-term sustainability of farms according to several farmers. 
This is not represented in the economic dimension. Besides, score calibration by expert makes 
the method closely related to the local context. Giving maximum scores to salient aspects, 
reflects the importance of the given aspects in this context. Some difficulties related to the 
scoring were mitigated through the weights in the tests of 14 farm cases. The tests also 
showed that the method allowed productive exchanges with farmers, which led to an 
experimental validation of its use value. The case of Saïs confirmed the effectiveness of the 
method in warning users about the weaknesses of farms as has been shown in Tunisia 
(M’Hamdi et al., 2009), Mexico (Fadul-Pacheco et al., 2013; Salas-Reyes et al., 2015) and 
France (Zahm et al., 2008). However, the processes towards sustainability at the farm level 
considered by the method (organic farming, alternative agriculture, conservation agriculture) 
were not measured in this case study due to their absence. 
 
To a certain degree the farmers can develop appropriate management strategies by 
themselves, considering their own priorities and conditions and based on the provided 
indicator descriptions or calculation methods (Meul et al., 2008). In addition, a number of 
cognitive difficulties such as illiteracy or language may push farmers to be reticent of 
approaching the method. The need to be assisted by a professional is a condition for these 
farmers. Contrary to this, other farmers claim they don’t need any method to evaluate their 
farms because they acknowledge their strengths and weaknesses. 

In addition, the method does not prescribe a specific change but rather gives indications for 
improvement, which encourages a) farmers to discuss with professionals the different ways of 
improving their situation and b) the advisory professional to suggest improvements or 
changes. For this reason focus groups show interesting results for this method; farmers can 
discuss the background of their indicator results with other farmers and experts. As a result, 
farm experiences and management practices, together with expert opinions, motivate and 
stimulate farmers to improve their sustainability (Van Passel & Meul, 2012). 

Post-assessment 
Farmers do not seem to be individually concerned by environmental issues addressed by 
IDEA. They are more concerned with the economic aspects which drive their decision-making 
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processes and orient their perception of sustainability. They think that no agriculture is 
sustainable if it is not first and foremost a profitable agriculture. They consider the 
environmental impacts of their practices and their management to be the responsibility of the 
State. Indeed, in this context of market opening, sustainable practices are considered less 
profitable than those farmers currently adopt. This could be explained by the fact that 
environmental issues are not yet alarming farmers in the Saïs region and do not disturb the 
farmer or the State. Thus, the desire of farmers to maximise their income, whatever the effect 
on resources, could lead to a tragedy of the commons (Hardin, 1968). In contrast, 
environmental concerns have already become critical by strongly impacting the farm and the 
farmer decision-making processes in other regions (in European countries for instance). In 
these countries, governments encourage the agricultural change by influencing farmers 
directly or indirectly via policies and actions - such as trade policies, price supports, taxes, 
research and development, various forms of compensation, marketing boards, and land use 
incentives and controls. But even in these contexts, where these issues are socially 
recognised and accepted, farmers regularly face conflicts between economic and 
environmental issues, especially when market prices decrease or when public or private 
regulations push for more environmentally friendly practices (Dobbs & Pretty, 2008). Thus, it 
shows that sustainable farming is not only the problem of farmers but concerns also 
consumers and all society through public policies (Cembalo et al., 2013). Indeed, actions 
encouraging farmers to sustainable change must be effective to be adopted (Kheiri, 2015). 
They must be compatible with the sociopolitical environment within which farmers operate and 
consider their societal values. This study, showing the perceptions and preferences of farmers 
regarding sustainability, could be a good starting point for introducing such actions. 
 
Using an evaluation method of sustainability such as IDEA, which promotes a production 
model based on the multifunctionality of agriculture, does not appear to be directly applied to 
farmers in emerging economy contexts such as Morocco, where there are specific issues and 
challenges. The use of IDEA helped to address environmental aspects that farmers did not 
mention during the first interviews and to better understand their strategies and decisions. The 
case of Saïs illustrates the contrast of sustainability apprehension between researchers and 
farmers. For the former it was illustrated by the method and for the latter by their perceptions 
of sustainability and their value systems. The concept of sustainability implies a way of 
thinking, consequently, people's beliefs and values will continue to mold public understanding 
of the concept and what sustainability means and how it can and should be achieved. Thus 
we return to the old affirmation of MacRae et al. (1990) - we cannot expect to have a 
sustainable agriculture unless all of us adopt a fundamentally different way of thinking about 
agriculture, which will require major changes in personal beliefs, values and lifestyles. Indeed, 
it proves to the state that there is no absolute definition of agricultural sustainability and that 
there is a need for contextualisation. 

Although, to put these results into perspective, they relate to a small sample, they have 
allowed us to establish a “stocktaking” of farm sustainability and to understand the strategies 
of farmers in the context of market competition. The need to be competitive pushes farmers 
to adopt a perspective of "now" and not "forever." 
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Implementation of sustainability assessment and reporting in horticulture: a 
case study of New Zealand’s wine and kiwifruit sectors  
 
Benge, J., Barber, A., Le Quellec, I. and Manhire, J.   
  
The AgriBusiness Group  
  
Abstract: The wine and kiwifruit sectors are New Zealand’s most valuable horticultural 
sectors, representing almost 60% of export value of all horticultural exports. A significant 
reason for this is that globally they are seen to provide high quality and safe products that 
are grown ethically and with minimum impact on the environment. This success in part is 
due to the market assurance programmes within each sector. The kiwifruit sector for 
example has been underpinned by programmes like GLOBALG.A.P. and an integrated pest 
management programme. Similarly, the wine sector has been supported by an integrated 
winegrowing programme which has evolved over 20 years into Sustainable Winegrowing 
New Zealand. However market expectations also continue to evolve and with it so must the 
sector’s assurance programmes. If both sectors are to maintain and increase market value 
they must set new aspirational goals. To help achieve this, the NZ Sustainability Dashboard 
Project has been operating in both sectors to augment sustainability assessment and 
reporting. In the wine sector, the project has supported enhancements to the Sustainable 
Winegrowing NZ programme, development of new scorecard tools, and individualised 
benchmarking reports (with video tutorials on how to interpret them). In kiwifruit, unique 
online web-based dashboard tools that capture, report and benchmark sustainability-
related information are currently being developed and piloted amongst different types of 
stakeholders e.g. growers and packhouse staff. This paper describes how these initiatives 
have come about, grower engagement, and the associated learnings.  
  
Keywords: Participatory action research, primary industries, Zespri  
  
Introduction  
The primary sector dominates the New Zealand economy. Total primary sector export 
revenue was approximately NZ$38.3 billion for the year ended 30 June 2014, accounting 
for around three-quarters of the total merchandise export revenue (MPI, 2013). To help 
future proof this while at the same time maintaining, if not enhancing, social outcomes and 
environmental integrity, the New Zealand Sustainability Dashboard (NZSD) project was 
established in 2012. This project is helping primary industry partners to develop 
sustainability assessment, monitoring, reporting and learning tools that will empower New 
Zealand producers, processors and distributors of food and fibre to meet their market, 
regulatory, and business requirements, as well as societal expectations, while contributing 
to New Zealand’s resilience and sustainability. This paper specifically focuses on the 
development and implementation of tools in NZ’s two biggest horticultural export sectors of 
wine and kiwifruit.  
    
The NZSD project  
This is being led by The Agricultural Research Group on Sustainability (ARGOS) which has 
been studying sustainability within NZ’s primary sector since 2003. ARGOS involves 
around 15 researcher partners from 10 local research organisations or companies, bringing 
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together skills in economics, social science, ecology, Māori cultural science, engineering, 
agribusiness and software development. The research approach underlying the NZSD 
project involves Participatory Action Research (PAR) that has a concerted focus on the 
inclusion of end-users and experts from a range of disciplines working closely together.   
  
Fundamentally, the NZSD project aims to deliver three main interlinked outputs. Firstly, a 
sustainability assessment framework which sets out the goals being addressed as well as 
the indicators and metrics used to evaluate movement towards these goals. Secondly it 
aims to help industries develop assessment and reporting systems either through the direct 
delivery of tools or through informing industries to develop their own tools. Thirdly, tools for 
learning that help growers and industry improve, for example decision support, risk 
assessment and statistical (e.g. power analysis) tools to assess trends in sustainability 
indicators. The goal here is to unify and streamline reporting for better benchmarking of 
performance and to turn sustainability auditing into a genuine opportunity for learning by 
growers.   
  
Initially, sustainability assessment and reporting tools were developed for the New Zealand 
wine and kiwifruit sectors because these are well-managed industries with key 
stakeholders who wanted to participate. For wine, Sustainable Winegrowing New Zealand 
(SWNZ) is the main industry partner while for kiwifruit it is Zespri which is the sole exporter 
of kiwifruit from NZ. Tools are now being developed for other sectors including Māori 
agribusiness and forestry sectors.  
  
The NZSD project is funded largely by the NZ Government, specifically The Ministry for 
Business, Innovation and Employment (MBIE). It is also funded and supported by each of 
the primary industries involved.  
 

The NZSD framework  
Globally, hundreds of sustainability, assessment and reporting frameworks exist and an 
important objective of the NZSD project was to bring elements of these together to form a 
unified framework that met the needs of local stakeholders but which was internationally 
relevant. Specifically, the NZSD framework has been developed to have an overarching 
goal across four pillars of sustainability – Good Governance, Economic Resilience, 
Agroenvironmental Integrity and Social Well-being. This closely mirrors the main 
sustainability dimensions identified by FAO’s Sustainability Assessment of Food and 
Agriculture Systems (SAFA) (FAO, 2014). Within each pillar is a hierarchy of five levels. 
The first describes the goal for the pillar, which is broken into the outcomes if that goal is 
achieved. Each outcome is further divided into objectives, or the intent of these outcomes. 
The achievement or movement towards the objectives will be shown using indicators and 
measures (Hunt, 2014). This framework is summarised in Figure 1 with an example of the 
outcomes, objectives and indicators within a pillar (the social well-being one) shown in 
Figure 2. Within each of the sectors participating in the NZSD project, the framework 
elements are being developed by each end-user in consultation with the project team and 
other stakeholders. The NZSD framework is being used to inform that.  
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Figure 1. Outline of NZSD framework structure.  
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Figure 2. Social well-being framework developed by the NZ Sustainability Dashboard 
Project.  
 
Sustainability assessment and reporting tools   
Tool selection  
Each sector involved in the project was identified to have different timeframes for 
development and implementation of sustainability assessment and reporting tools. The 
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wine sector had an immediate requirement of industry roll-out within a year. For this reason 
an off-the-shelf software package (SoFi from PE International) was adapted to meet their 
needs. The advantage of this approach is faster implementation, however it offers less 
flexibility in design and development plus there is a subscription cost. In contrast, the 
kiwifruit sector had an expectation of four years or more for industry roll-out and so a 
bespoke solution was able to be developed. While slower, this affords great flexibility in 
design and development and while there may be on-going maintenance costs there is no 
subscription cost. The bespoke needs of the end-user are more likely to be catered for 
using this approach. For the kiwifruit solution, standard Microsoft technology was used with 
the view that this would make it more compatible with industry systems and therefore 
enable easier integration if required. Specifically, the dashboard was developed in 
ASP.NET 4 (C#) MVC using Microsoft Visual Studio 2012 with a Microsoft SQL Server 
2012 Express database. Interactive charts were created using ‘Highcharts’ (a JavaScript 
solution). These different solutions are being evaluated as part of the project and will 
provide important learnings for other sectors interested in developing similar capabilities.  
  
Development process  
In the kiwifruit sector, where a customised solution is being built, an agile software 
development methodology called Scrum has been used. This is a project management 
framework that is suitable for projects with aggressive deadlines, complex requirements 
and a degree of uniqueness. In Scrum, projects move forward via a series of iterations 
called sprints. Each sprint consisted of a number of tasks that typically required one to two 
weeks to complete. Primarily the Scrum team has consisted of the software developer (tool 
builder), product owner (representing end-users) and scrum master (project manager). An 
online collaboration tool called ‘Trello’ was used to assign tasks and track progress. This 
process has been very successful for prioritising and development. Building of the 
dashboard tools has been overseen by a software development expert and mentor to 
ensure the best use of processes.  
  
Design and functionality  
For kiwifruit, which is delivering a custom solution, a prototype was initially developed with 
its appearance and functionality largely determined by the dashboard project team with 
some input by industry partners. The solution has been designed to cater for three different 
types of stakeholders identified as important by our partners i.e. growers, postharvest 
operators, and Zespri staff. The design and functionality is consistent irrespective of which 
stakeholder type is using the application. However the content (i.e. metrics and indicators) 
differs reflecting the different end-user needs and systems. For example, a grower will have 
access to agrichemical indicators but this does not apply to a postharvest operator who 
instead will have access to indicators like energy use. An important design feature of the 
solution is benchmarking and the ability for users to customise this. Other key features are 
the ability of users to enter different levels of information (e.g. whole orchard vs individual 
cultivar information) and the integration of existing data already being collected by industry 
which is important to minimise manual data entry and duplication. These were identified 
through consultation with end-users as essential for ease of use and for maximising 
engagement. The importance of incorporating features like these is discussed further 
below.  
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Content  
To date, the indicators and metrics of sustainability that have been included in the NZSD 
tools have been largely identified by the end-users to ensure their immediate needs have 
been met and to encourage participation. For the kiwifruit sector, these have mainly been 
production (i.e. number of trays, fruit size), revenue, cost and input (e.g. electricity, fertiliser, 
agrichemical) metrics. An example of a social indicator was included (i.e. community 
donations in dollars) but testing identified that this may not be a good measure of 
community support as some growers make contributions in non-financial ways (e.g. 
volunteering). For the wine sector, energy, water and agrichemical use metrics have initially 
been included. Within each dashboard these have been aligned with the appropriate pillars 
and objectives. As the tools are developed further, other relevant indicators and metrics will 
be added that align with the NZSD framework. Given the potentially large number of 
indicators and metrics required to provide information on all aspects of sustainability, 
aggregated indices of performance may be developed and sharp prioritisation undertaken 
to identify what measures are needed.  
  
Evaluation  
Early versions of the NZSD tools are being regularly evaluated by several end-users within 
each sector. Feedback from trialists is being obtained through semi-structured interviews 
conducted face-to-face. This iterative is being used to prioritise the development, content 
and functionality of the dashboard solutions.   

  
Maximising participating and trust  
One of the biggest challenges of this project will be obtaining enough engagement from 
end-users to provide the minimum amount of information needed to meet industry and 
market needs. This is particularly so for the kiwifruit industry whose growers are typically 
over 55 years old, have limited computer experience and may be sceptical of the value of 
such tools. Several strategies are being used to maximise uptake.   
  
Firstly, a key driver for growers engaging with NZSD tools is that they enable them to meet 
compliance processes. In the wine sector, the NZSD tool (known as WiSE; Wine Industry 
Sustainability Engine) must be used and completed by growers for their products to be 
included in the Sustainable Winegrowing NZ programme and subsequently be eligible to 
enter NZ wine awards. For the kiwifruit sector, the NZSD tool has been identified for its 
potential to help with its existing compliance processes, like GLOBALG.A.P.; information 
already being collected by the NZSD could be automatically fed into the GLOBALG.A.P. 
process or vice versa, thereby simplifying the compliance process for growers.   
  
Importantly, participation and trust in the tool is likely to increase if personalised, rapid and 
tuned benchmarks can be provided. Thus, the NZSD tools endeavour to provide instant 
benchmarking as soon as users upload their own data. Tuned benchmarks in the wine 
industry include regional and soil type benchmarks for water use, regional and catchment 
(5 or 10km radius) agrichemical use benchmarks (Figure 3), and operation size 
benchmarks for water and energy use by wineries. Similarly for kiwifruit, users can 
customise benchmarking i.e. using drop-down menus (shown in Figure 4) they can specify 
benchmarks for a particular region, growing method (e.g. conventional or organic) or 
cultivar. With wine, video tutorials are provided to help users interpret their reports and the 
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benchmarking within. To date, feedback from growers has identified the benchmarking 
feature as particularly valuable and something that is likely to drive change.  
  

  
Figure 3.  Example of agrichemical use reporting and benchmarking for the NZ Wine 
Sector, produced by the NZSD project.  
 
Minimising data capture and entry has been identified as important for good engagement. 
Where possible, information that is already being collected will be entered into the tools 
and preferably this will be done automatically by linking to existing databases. An example 
of this is electronic spray diaries held by some sectors. These spray diaries can be 
interrogated to provide information relating to not just agrichemical use but also a number 
of other sustainability-related issues like water use, greenhouse gas emissions, eco-
toxicity, and pest and disease incidence. For kiwifruit, spray diaries held by industry are 
already successfully being imported, analysed and reported (Figure 4). It is hoped that the 
dashboard tools will also link to regional and national databases, maps or models (e.g. 
weather and soil maps) that will allow growers to better interpret their farming outcomes.  
  

 
Figure 4. Example of reporting and benchmarking in the prototype NZSD kiwifruit tool 
for kiwifruit growers. Here, copper use is automatically derived from imported spray 
diaries collected by industry. A menu on the right allows fine-tuning of benchmarks.  
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It is anticipated that the tools can be used to interrogate and report relationships between 
management decisions, inputs and outcomes. For example, relationships between fertiliser 
use and environmental impacts (e.g. nitrate leaching) or production. This feature is likely to 
further drive participation.  
  
Learning tools  
In addition to helping industries undertake sustainability assessment and reporting, the 
NZSD project also hopes to provide learnings to become more sustainable. Benchmarking 
and providing feedback showing weak sustainability performance is probably not enough 
on its own to trigger change amongst growers or industry stakeholders. Thus, the project 
aims to provide best practice and decision support tools to aid management. In the wine 
sector for example, the project has led to the development of individualised reports that 
describe and benchmark the use of inputs on vineyards, but which also provide best 
practice recommendations to drive more sustainable outcomes. For example a new 
powdery mildew resistance management strategy has been developed by SWNZ. In line 
with this the NZSD project has developed an individualised one page report that highlights 
how, based on the previous seasons spray programme, the grower performed against the 
new strategy. Not only has this publicised the new strategy and provided targeted advice 
to the growers, but the industry gets an overview of which parts of the new strategy need 
the most focus. Consequently they are able to tailor their other forms of dissemination to 
address the largest issues.  
  
Preliminary evidence indicates that reporting and benchmarking is helping to optimise 
practices. It was identified that about 40% of wine growers were applying sub-optimum 
levels of sulphur for efficacy against powdery mildew. Through individualised benchmarking 
and reporting this potential issue was highlighted. The following season this group of 
growers, when compared to the rest of the industry, statistically significantly increased their 
sulphur application rates by 25%.  

In terms of assisting industries at a policy level, the research team is currently developing 
two tools: (i) a biodiversity risk assessment tool that can be used to help predict the effects 
of land use change on biodiversity within production landscapes and better inform land 
management policies, and; (ii) a power analysis module that can help optimise indicator 
sampling design criteria like the number and frequency of measures, optimum rotors of 
measures between years, and duration of sampling. For the latter, the goal is to ensure 
sufficient statistical power is achieved to provide an early alert of upcoming risk while 
minimising costs and impost on the growers themselves.  

  
Industry implementation  
In June 2014, the NZSD tool for the wine sector (WiSE) was rolled out to all growers and 
wineries. The NZ wine sector has taken ownership of the tool and embedded it within their 
existing processes, making it part of business-as-usual. The individualised reports and 
dashboards are evolving as members become familiar and comfortable with the system.  
The NZSD project is now working with SWNZ on delivering their new strategic plan by 
providing advice on global best practice in sustainability.  
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For kiwifruit, the tools have initially been developed as standalone (i.e. external to existing 
industry systems), with the expectation that the kiwifruit sector, in particular Zespri, would 
take ownership and incorporate it into their existing or future systems. This integration is 
seen as important for ensuring the solution continues to be used. However, future 
integration is uncertain given the industry is currently making significant changes to their 
existing information systems. It is therefore possible that the dashboard tools will not be 
adopted by industry. Given this, it is proposed that the NZSD project continues to develop 
the tools but less so i.e. the focus would be to demonstrate how information could be 
collected, analysed and reported, rather than developing a fully functional tool for the 
industry to use. For example, as has been done with wine, the kiwifruit dashboard could be 
modified to illustrate how agrichemical use could be reported with additional benchmarks 
like the average for all orchards within 5 km of the current orchard. It is expected that this 
would inspire the development of future industry systems for sustainability assessment and 
reporting. Also, the project will continue to provide information and knowledge to assist 
industry to strengthen its sustainability assessment and reporting. This change of tack 
highlights the challenge of working in a real-world situation with a dynamic industry like 
NZ’s kiwifruit sector.  
  
Key to the successful adoption of tools and findings from the NZSD project to date has 
been a strong and respectful relationship between the project team and the main end-users. 
In particularly, this has been enabled by having dedicated NZSD project managers in each 
sector who have worked closely with their respective stakeholders for a number of years. 
This has been invaluable firstly for identify industry needs but also for meeting those needs 
as each manager has developed a deep understanding of their industries. End-user 
involvement from the beginning and throughout is essential for ensuring their sustainability 
assessment and reporting needs are met and to prevent unnecessary and unwanted 
development.  
  
Conclusions  
The NZ Sustainability Dashboard project is assisting NZ’s primary sector to undertake 
effective sustainability assessment and reporting. At a grass-roots level this will allow 
growers to lift performance, while at a sector and national level it will strengthen New 
Zealand’s ability to respond to customer and market demands for information relating to 
the economic, social and environment consequences associated with NZ’s food and fibre 
production. The project is already helping the NZ wine and kiwifruit sectors to undertake 
more effective sustainability assessment and reporting using quite different approaches. 
Central to this has been a strong and positive relationship between the project team and 
end-users.  
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Abstract: The Sustainability Assessments of Food and Agriculture Systems (SAFA) 
framework published by the Food and Agriculture Organisation (FAO) aims at harmonising 
sustainability assessments and making methods and results more transparent and 
comparable. There is, however, limited understanding of the interactions between SAFA 
themes under different agricultural production contexts. Synergistic interactions may allow for 
simultaneous enhancement of more than one sustainability goal, while conflicts in some 
sustainability goals might result in trade-offs. In this article: (i) we assess the sustainability 
performance of certified (organic and fair trade) and non-certified smallholder farms in both 
Robusta and Arabica coffee production systems in Uganda, employing the indicator-based 
SAFA-consistent Sustainability Monitoring and Assessment RouTine (SMART) Farm Tool 
and; (ii) using the respective sustainability scores, we compare synergies and trade-offs 
between themes using the non-parametric Spearman correlation test. Generally all farms had 
high scores in the social, followed by the environmental themes, and low scores in the 
economic and governance themes, irrespective of the certification status. We find that 
certification improves the sustainability performance of farms, mainly through the 
enhancement of the ‘cooperative effect’ which ultimately has positive effects on other 
sustainability dimensions. This was evident among the certified coffee farms which obtained 
significantly higher scores in all dimensions than the non-certified farms. We thus found more 
synergies between sustainability themes among certified than non-certified farms. However 
the extent of the synergies and trade-offs vary significantly with certification type and other 
contextual factors. These findings call for caution in generalising certification effects on 
sustainability of agricultural production systems. 

Keywords: SAFA-Guidelines, SMART, coffee, organic production, fair trade, certification, 
Uganda 

Introduction 
Sustainability assessments of agricultural production systems are increasingly of interest. 
Agricultural production systems relying on non-renewable resources, leading to water and air 
impairments, biodiversity losses, soil contamination and degradation, as well as health risks 
to society.  This invokes controversial discussions around feeding a growing population, 
abating climate change, and utilising natural resources efficiently (Reganold et al., 2001). 
Hence, sustainability assessments are usually challenged with defining what-is-sustainable 
(Lien et al., 2007), in the context of sometimes conflicting societal goals and heterogeneous 
impacts of production systems due to stochastic processes and social specificities (Ikerd, 
1993). Some authors have attempted to define sustainable production systems and practices 
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in the form of specific ‘dos’ and ‘don’ts’. For example Kesavan et al. (2008) pointed out that 
sustainable production systems make the best use of environmental goods and services while 
not damaging these assets; Pretty (2008) argued that sustainable production systems should 
aim to adopt technologies and practices that are accessible to and effective for farmers, and 
lead to improvements in food productivity; while Reganold (2012) emphasised that sustainable 
production systems should not only focus on profitability, but also the contribution to the well-
being of farmers and their communities. Given the multiplicity and interlinkages of 
sustainability goals, it is apparent that some goals can be mutually reinforcing (synergies) 
while others (trade-offs) compete in pursuit of sustainability (Jackson-Smith, 2010). 
Synergistic interactions allow for simultaneous enhancement of more than one sustainability 
goal, while conflicting ones result in trade-offs which can arise for example between food for 
the household versus expanding area under cash crop production. Equally there is a desire to 
use production practices that protect soil, air, water, and biological resources versus applying 
synthetic pesticides and fertilisers that can have adverse effects on human and ecosystem 
health (Reganold et al., 2001). Hence, revealing synergies and trade-offs allows policymakers 
and other stakeholders to understand the hidden consequences of preferring one production 
system to another (Haase et al., 2012).  

A common ground of sustainability assessments is seen in a solid conceptual and 
methodological basis to support empirical analysis. Assessments not only provide a 
benchmark for the production systems under question but also can provide guidance for 
decision makers by revealing impacts and trade-offs of on-going or proposed measures. 
Sustainability assessments also provide improved insight into the effects of management 
measures and farming systems on individual sustainability aspects and overall sustainability 
(van Calker, 2005). Whether ex-ante or ex-post, the sustainability assessment of agricultural 
production systems requires a combination of different models and methods in order to deliver 
useful information about the impacts of proposed changes in the systems (Thornton & Herrero, 
2001).  

Many approaches to sustainability assessment have been proposed in the literature. In a 
comparison of 50 sustainability assessment frameworks for livestock and crop production 
systems, Ran et al. (2015) found that they differ in a number of aspects including the general 
objectives and aims, target audiences, environmental issues addressed and indicators 
selected as well as the spatial and temporal scales covered. The MESMIS framework 
(MESMIS, for its Spanish acronym) has been applied in agricultural sustainability evaluation 
to more than 40 case studies across Europe and Latin America (Speelman et al., 2007). The 
framework is built upon four principles: (i) sustainability is defined by seven dynamic, systemic 
attributes: productivity, stability, reliability, resilience, adaptability, equity and self-reliance; (ii) 
sustainability evaluations are only valid for a specific management system, on a specific 
spatial and temporal scale; (iii) the evaluation process is participatory to capture diverse 
opinions; and (iv) sustainability is assessed through the comparison of systems either 
simultaneously or throughout time (Lopez-Ridaura et al., 2002). However, in a meta-analysis 
of 15 MESMIS case study evaluations, Astier et al. (2011) found that the framework explicitly 
focused on quantifiable indicators, which excluded many important indicators from being 
incorporated in the evaluation. 

In another detailed comparison of the scope and precision of six frameworks and approaches 
(Appendix 1), out of 35 approaches identified in the literature Schader et al. (2014) concluded 
that no single approach serves all purposes of sustainability assessment. Hence, the 
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Sustainability Assessments of Food and Agriculture Systems (SAFA) guidelines were 
developed by the Food and Agriculture Organisation of the United Nations (FAO, 2014). The 
guidelines aim at harmonising sustainability assessments and making methods and results of 
sustainability assessments in the food sector more transparent and comparable. By providing 
a transparent and aggregated framework for assessing sustainability, SAFA seeks to 
harmonise sustainability approaches within the food value chain as well as furthering good 
practices. Each of the SAFA dimensions is made up of multiple themes with different goals 
(Appendix 2). Sustainability goals can be mutually reinforcing or conflicting. Synergies create 
opportunities for potential win-win situations where pursuit of achievement of one sustainability 
theme goal generates benefits in other themes, while trade-offs arise when conflicts emerge 
among sustainability themes, resulting in win-lose or lose-win situations (NAS, 2010). There 
is, however, still limited understanding of the interactions between the SAFA themes under 
different production contexts.  
 
Sustainability-oriented certification (e.g. organic, fair trade) has been widely used to define 
best practice in primary production, processing and trading of agricultural products. These 
certifications are typically adopted voluntarily and paired with compliance verification, and 
labels to differentiate certified from non-certified products in the marketplace (Milder, 2013). 
Despite their growing popularity, there are contradicting reports on the impacts of these 
certified systems to various elements of sustainable livelihoods. Consequently, the objectives 
of this article are to: (i) assess the sustainability performance of certified (organic and or fair 
trade) and non-certified smallholder farms in both Robusta and Arabica coffee production 
systems in Uganda; and (ii) compare synergies and trade-offs between sustainability themes 
among these farms.  
 
The next section describes the data collection process, the SMART tool and data collection, 
and the empirical methods used for analysing synergies and trade-offs. This is followed by 
descriptive and empirical results, which we discuss and draw conclusions from in the last 
section. 

Data and Methods 

Study context and selection of farms 

Coffee production in Uganda 
Uganda produces both Robusta (Coffea canephora) and Arabica (Coffea arabica) coffee, of 
which 90% is produced by smallholder farmers. Arabica coffee is commonly found in the high 
altitude areas of the eastern, western, and southern regions of the country (USAID-APEP, 
2008). Robusta coffee is a native Ugandan coffee type grown in almost all parts of Uganda 
(Figure 1). For both coffee types, a number of varieties are available. Robusta coffee can be 
produced as clonal coffee, a fast maturing and better yielding type than Arabica coffee 
(USAID-APEP, 2008). On average, the production of coffee in a low-input system generates 
around USD100 per hectare, while production of improved coffee (e.g. clonal) in the same 
input system generates about USD 150 per hectare (Kraybill & Kidoido, 2009). However, a 
high-input system of either local or improved varieties can raise gross margins four-fold or 
more (Kraybill & Kidoido, 2009). Coffee is usually intercropped with bananas, annual crops or 
trees. These intercropping systems offer many agronomic benefits to smallholder farmers for 
example increase in organic matter or nutrient recycling, soil conservation, longer productivity 
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life cycle of coffee plants and higher biodiversity values (Moguel et al., 1999; Diaz, 2012) and 
are more profitable than banana or coffee monocropping systems (van Asten et al., 2011). 
According to Jassogne et al. (2012), the highest yields can be obtained in systems without 
shade or with low shade levels. However, these same systems often represent higher 
production risks (especially drought, pests and diseases), resulting in intensive use of external 
inputs. In polyculture and agro-forestry systems, high yield quality can be obtained with a low 
level of external inputs and allowing a better adaptation to climate change, higher carbon 
stocks, and more ecological services (Jassogne et al. 2012).  

Selection of farms 
The survey was carried out in the western part of Uganda, covering both Arabica and Robusta 
production systems, between July and September 2015. A survey of 360 coffee-producing 
households belonging to Robusta and Arabica production systems was conducted. A two-
stage sampling approach was applied. Firstly primary cooperatives belonging to organic and 
fair trade (FO), fair trade only (FT) and conventional/non-certified (CN) categories were 
selected. Selected primary cooperatives were structurally similar, in terms of farm sizes, 
altitude and location, chosen based on physical observations, literature review and selected 
interviews. Secondly random samples of 60 farming households were drawn from farmer lists 
obtained at each of the FO, FT and CN primary cooperatives. Arabica coffee farmers are 
located at the foothills of the Rwenzori Mountains at altitudes between 1400 and 2200 metres 
above sea level. Only certified farmers are organised in primary cooperatives, each with a 
washing station for wet-processing of Arabica coffee. As a result, surveyed CN farmers were 
drawn from neighbouring villages using a list of farmers provided by the local agriculture office, 
for comparison purposes. On the contrary, Robusta coffee farmers are located at altitudes 
between 1600 and 1900 metres above sea level. Farmers are organised in both certified and 
non-certified primary cooperatives for bulking of dried coffee cherries and onward delivery to 
the market. The primary cooperatives thus operate at parish level with an average 
membership of 300 coffee farmers.  
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Figure 1. Map of Uganda showing the study locations  (Source: UCDA, 2008) 

 
The SMART farm tool  
Based on the SAFA guidelines, the Research Institute of Organic Agriculture, FiBL, developed 
an indicator-based Sustainability Monitoring and Assessment RouTine (SMART) Farm Tool 
(Jawtusch et al., 2013). The tool consists of a large pool of indicators from which suitable 
indicators can be chosen according to the assessment context.  The tool operationalises the 
SAFA guidelines by defining science-based indicator sets and assessment procedures 
derived from a review of scientific literature and existing sustainability assessment tools 
(Jawtusch et al., 2013). For each SAFA sub-theme, there is a number of indicators that in 
combination allow for an assessment of the level of goal achievement, which is expressed on 
a scale from 0 to 100%. Zero (0)% represents a state where all applicable farm activities are 
counteracting the goal achievement, while 100% represents a state where the respective 
sustainability goal has been fully achieved by implementing all relevant beneficial activities on 
a farm and avoiding all relevant detrimental activities to the greatest extent possible. It 
analyses the degree of goal achievement with respect to the 58 themes defined in the SAFA 
guidelines, using an impact matrix that defines 327 indicators and 1,769 relations between 
SAFA sub-themes and SMART indicators (Figure 2). SMART explicitly does not draw the 
system boundaries along the physical boundaries of a farm but considers all sustainability 
impacts which the farm and its activities have along the upstream value chain. Thus, impacts 
from purchased inputs (seeds, feedstuffs, fertilisers, pesticides, etc.) are also considered 
(Schader et al., 2016). This is important to maintain comparability across farms, as farms 
induce off-farm impacts via these imports to different degrees.  

Study Locations

SOUTH SUDAN

DEM. REPUBLIC 
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KENYA

Lake Victoria
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Figure 2. Number of indicators in SMART linked to the SAFA sub-themes (Source: 
Schader et al., 2016) 
 

Data collection and analysis of synergies and trade-offs 
Data used to assess the sustainability performance of coffee farms were collected by a 
specially-designed farm questionnaire. The farm questionnaire related to indicators 
automatically selected from the SMART Farm Tool for their relevance with the farm type and 
context (see Schader et al., 2016).  The indicators were pre-tested on a selected number of 
farms for their applicability to the context. Collected data was then entered directly into the 
SMART Farm Tool which normalises the data on a predefined scale varying from 0% to 100% 
and computes scores per theme.  
 
Using the respective sustainability scores for the SAFA themes obtained with SMART, we 
evaluated the synergies and trade-offs using the non-parametric Spearman rank-correlation 
test (Spearman, 1904). All analyses were performed using IBM SPSS Statistics version 21 
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Schader et al., 2016) 
 

Data collection and analysis of synergies and trade-offs 
Data used to assess the sustainability performance of coffee farms were collected by a 
specially-designed farm questionnaire. The farm questionnaire related to indicators 
automatically selected from the SMART Farm Tool for their relevance with the farm type and 
context (see Schader et al., 2016).  The indicators were pre-tested on a selected number of 
farms for their applicability to the context. Collected data was then entered directly into the 
SMART Farm Tool which normalises the data on a predefined scale varying from 0% to 100% 
and computes scores per theme.  
 
Using the respective sustainability scores for the SAFA themes obtained with SMART, we 
evaluated the synergies and trade-offs using the non-parametric Spearman rank-correlation 
test (Spearman, 1904). All analyses were performed using IBM SPSS Statistics version 21 

1048



(IBM, 2012). Positive correlation coefficients (0<rs≤+1) represent synergies between the 
respective sustainability themes (right hand side of the y-axis), negative correlation 
coefficients (0>rs≥-1) represent trade-offs between the respective sustainability themes (left 
hand side of the y-axis) and zero correlation coefficients (rs=0) represent no effect between 
the respective sustainability themes. To compare scores between and within certification 
categories, the analysis of variance (ANOVA) was used.  

Results 
Sustainability performance of farms 
The sustainability scores varied significantly between the Arabica and Robusta production 
systems and within the certification categories (Table 1). FO farms performed better than FT 
farms which performed better than CN farms in both Arabica and Robusta production systems. 
The score patterns within the Robusta and Arabica production systems were similar but 
significantly different between the respective certification categories (Figure 3). Generally 
farms scored high in the social, followed by environmental, and low in the economic and 
governance themes, irrespective of the certification status. Specifically, certified Arabica farms 
scored better than certified Robusta farms in most themes. On the contrary, non-certified 
Robusta farms scored higher in nearly all themes than non-certified Arabica farms. This could 
be attributed to the fact that, unlike non-certified Arabica farms, the non-certified Robusta 
farms were organised in a primary cooperative thus engaging in some collective activities. The 
sustainability performance of the specific certification categories according to the themes is 
described as follows: 
Governance themes: all farms scored high in terms of participation and rule of law themes, 
with low scores in accountability and holistic management themes. Non-certified farms scored 
very low in terms of holistic management, accountability and corporate ethics in both 
production systems. 
Environmental themes: scores of some environmental themes (i.e. materials and energy, land 
and atmosphere) were generally low in both production systems even among certified farms. 
Arabica farms generally had higher scores than Robusta farms. 
Economic themes: all systems scored high in the product quality and information theme but 
generally low in investment, vulnerability and local economy themes. However certified 
Robusta farms scored higher in terms of the local economy theme than Arabica farms. The 
high local economy scores could be attributed to the fact that many Robusta farms employed 
permanent workers (33.9%), which is not the case with Arabica farms (0%).  
Social themes: although Robusta farms scored consistently high across social themes 
certified Arabica farms scored low in terms of the equity theme. This could be attributed to the 
fact that with limited external labour sources, the unique steep terrain and wet processing 
requirements posed heavy workload challenges for both women and children. It was equally 
observed that men were not equitably involved to avert the workload challenges. As a result, 
farmers had formed ‘solidarity groups’ of five people dominated by women, for labour 
assistance on a rotational basis e.g. during peak harvesting seasons, carrying coffee to the 
washing stations, coffee pulping and drying at the washing stations. 
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Figure 3. Performance of Arabica and Robusta farmers with respect to different 
sustainability themes 
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Analysis of interactions within sustainability themes 
Using the sustainability scores obtained in Table 1, we analysed the interactions within 
sustainability themes using Spearman correlation coefficients (Figure 4). Three types of 
relationships are observed: positive (synergies), negative (trade-offs) and zero (no-effect) 
correlations. Greater synergies were observed between sustainability themes within Arabica 
than Robusta production systems. A similar relationship was observed between certified and 
non-certified farms within the Arabica production system. However, within the Robusta 
production system there were as many synergies and trade-offs among certified and non-
certified farms. In fact CN farms have more synergies (less trade-offs) than FO farms (Figure 
4). Additionally, Arabica farms had themes with zero correlations: corporate ethics, holistic 
management, fair trade practices and equity among non-certified farms; holistic management, 
human health and safety, and cultural diversity among FO farms; and holistic management, 
animal welfare, and human health and safety among FT farms. Equally, there are themes with 
zero correlations among FO Robusta farms (animal welfare, labour rights and equity). Looking 
at all farms irrespective of certification status, mostly positive and significant correlations were 
observed between the different themes (Figure 5).  
 
Taking averages of the correlation values for each dimension, we found only positive 
correlations (synergies) between the dimensions (Figure 5: figures in oval shapes). Between 
the dimensions, synergies were greatest between the social and the governance dimensions 
(51.7%) and between the economic and environmental dimensions (33.1%). The synergies 
were lowest between the social and environmental dimensions (21.4%) and between the 
social and economic dimensions (26.7%). 
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Figure 5. Spearman correlation values between sustainability themes 
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sustainability indicators from the SMART Farm Tool. Using the respective farm sustainability 
scores, we compared synergies and trade-offs between sustainability themes among the 
different farm categories. As highlighted by Schader et al. (2016), we find that the SMART 
Farm Tool is a useful tool to assess and benchmark farms across farm types and regions as 
well as sustainability themes and sub-themes. From a set of 327 indicators, between 200 and 
292 indicators were on average applied in the assessment of each farm, depending on its 
complexity. Farms with more and diverse forms of livestock, hired labour, and which applied 
externally-sourced inputs like feeds, fertilisers and pesticides, had the largest number of 
indicators applied. Each assessment lasted between 2 to 3 hours and a farm report could be 
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generated immediately after the assessment. This is consistent with Ran et al. (2015) who 
concluded that assessment methods need to be rapid to provide results in a cost-efficient 
manner if they are to assist with policymaking and decision-making. Despite its large set of 
indicators and the requirement of technical expertise to administer the tool, it is a quick way to 
identify strengths and weaknesses for assisting farmers in their transitions towards 
sustainable production. 

Comparing sustainability scores at farm level showed that the sustainability profiles, 
represented by the score patterns, within each coffee production system were similar (Figure 
3). However the sustainability scores between the Arabica and Robusta coffee production 
systems were significantly different. This is a result of the variability among coffee farms in 
Uganda in terms of their resource availability, objectives, history and opportunities (Jassogne 
et al., 2012). However the sustainability profiles within a given production system are similar 
irrespective of the certification status (Figure 3). Generally all farms had high scores in the 
social, followed by environmental, and low in economic and governance themes, irrespective 
of the certification status.  

We find that the sustainability performance of farms significantly varies across certification 
categories, with higher sustainability scores among fair trade and organic (FO) certified farms. 
This is consistent with studies which have reported positive impacts of certification on 
smallholder livelihoods; for example organic certification has been reported to significantly 
contribute to the improvement of livelihoods and the ability of farmers to cope with challenges, 
mainly through knowledge transfer, access to capital and capacity building (Altenbuchner et 
al., 2014) as well as higher farm revenues (Bolwig et al., 2009). Comparatively, the effects of 
fair trade certification have been analysed in even more studies. In Uganda, Chiputwa et al. 
(2014) concluded that fair trade certification increases household living standards by 30% and 
reduces the prevalence and depth of poverty.  
 
However, as indicated in Figure 3, no production system performed well in all sustainability 
themes. The individual farm scores varied across themes, owing to varied opportunities and 
challenges that the farms are exposed to either from within the coffee farms or the entire coffee 
system in Uganda; they can be climatic, institutional, cognitive, political or simply linked to the 
way coffee is produced. At different levels sustainability goals can be in direct conflict (NAS, 
2010). This justifies the need to further analyse relationships between the sustainability 
themes at different levels. Generally, more synergies (less trade-offs) were observed between 
sustainability themes among Arabica than Robusta farms as well as among certified than non-
certified farms. Such synergistic interactions could be the contributing factor to the higher 
sustainability scores among certified and among Arabica groups. We therefore conclude that 
certification generally allows for simultaneous enhancement of more than one sustainability 
goal. However, the proportion of synergies and trade-offs among certified and non-certified 
farms, and within certified (FO and FT) farms, varied widely. This is consistent with the 
sustainability performance scores identified. The results in Figure 3 indicate that the 
proportions of the synergies and trade-offs between sustainability themes does not seem to 
depend on the certification type. It is seemingly true that other contextual factors are important 
as well. This implies that the trade-offs and synergistic relationships are not necessarily stable, 
could change over time (Haase et al., 2012), and vary over a wide range of conditions (Walker 
& Salt, 2006). Priorities need to be set depending on the context of the farm, while policy could 
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also support the transition process to more sustainable systems by carefully considering the 
likely impacts of proposed interventions.  

Possible sustainability impact pathways 
Results have shown that certification contributes significantly to sustainability benefits. The 
question remains: how does certification improve sustainability performance of certified 
farms? Certification was originally perceived as a strategy for strengthening the position of 
coffee smallholders in the value chain. Hoebink et al. (2014) suggests that the direct 
interactions between producers and buyers in certified systems reduce the transaction costs 
and market risks and enhance transfer of knowledge on sustainability-enhancing practices. 
However, different certification labels provide different incentives for achieving these goals. 
Fair trade certification guarantees minimum prices paid to farmers at purchase and pays an 
additional fair trade premium to the cooperative union for capacity building and related 
community projects. All surveyed certified farms had fair trade certification and thus benefitted 
from this minimum price requirement, but only if they sold to the associated cooperative union 
which owns all certification documents. Due to the focus on community projects, determined 
at the cooperative union level, the effects of the fair trade premium were very difficult to assess 
at farm level. Comparatively organic certification, on top of fetching a higher bonus at the end 
of the selling season, places more emphasis on environmental sustainability (Chiputwa et al., 
2014). Thus farms that are both fair trade and organic (FO) certified were expected to perform 
much better in terms of sustainability scores than farms that are only fair trade (FT) certified. 
Incidentally, the difference between environmental sustainability scores was only significant 
at p<0.05. Although FO and FT primary cooperatives are structurally similar, the FO primary 
cooperatives have a well-established farmer extension system. The organic certification 
system requires regular training and extension support for all certified farmers. As a result, 
there are specifically attached organic trainers for each of the organic certified groups. Unlike 
fair trade (FT) farmers, organic fair trade (FT) farmers are regularly reminded of required 
sustainable practices and thus better sustainability scores.    
 
It is also clear that working in groups is an important element of both fair trade and organic 
certification schemes. Farmer groups are key for increasing the scale of production, quality 
assurance, and to guarantee the reliability of small holders as preferred suppliers in the value 
chain (Hoebink et al., 2014). Schader et al. (2016) further concluded that the governance 
dimension is very important with regard to achieving a good level of performance in the other 
sustainability dimensions.  We therefore expect that the governance scores, which are closely 
related to group strength in a smallholder context, positively impacted scores in other 
dimensions and overall sustainability scores. Consistent with Jena et al. (2012), the 
‘cooperative’ effect seemed more important than the ‘certification’ effect in influencing 
sustainability performance. In addition, looking at interactions between sustainability 
dimensions (Figure 5), the governance dimension had an overall stronger influence than other 
sustainability dimensions. We therefore conclude that certification enhances the achievement 
of governance goals through its influences on group organisation and collective capacities, 
which can result in positive impacts on other dimensions of sustainability. Although certification 
has a positive impact on sustainability performance, synergies and trade-offs widely vary 
depending on the production context. These contextual differences need to be considered 
when considering sustainability-enhancing interventions at farm, regional and national levels. 
These findings call for caution in generalising certification effects on sustainability of 
agricultural production systems. 
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Appendix 2. Overview of SAFA dimensions, themes and sub-themes (Source: FAO, 
2014) 
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Sustainability assessment of agro-ecological innovations at territorial and 
value chain scale 
 

Diehl, K. 

Leibniz Centre for Agricultural Landscape Research (ZALF) 

Abstract: With growing awareness of global environmental problems caused by agricultural 
production, producers and retailers increasingly strive to introduce sustainability led changes 
at farm level. A propagation of cooperative approaches has led to a diversity of niche 
developments worldwide with multiple but small-scale effects on sustainable land use. The 
potential for a broader impact is often inhibited by the failure to appropriate the value creation 
necessary for a long term establishment in the market. The study reported here was conducted 
as an intermediate step in developing assessment and management tools for innovations in a 
smallholder farm environment. Semi-structured interviews were analysed based on network 
analysis, content analysis and case comparison in order to answer the following questions: (i) 
what environmental, economic or social values are expected from the innovation as a 
contribution to sustainable land use?; and (ii) what is the potential and what are the limits of 
integrating sustainability assessment into innovation management processes in regard to 
value chain and territorial approaches? Ethical issues and diversification in farm structure were 
found more relevant to the sector oriented approach of poultry production. The regional case 
differed in highlighting consensual strategies, a strong recognition of future generations, 
property rights and provision making. Issues of local added value, closed circular systems and 
capacities for development were found to link both territorial and value chain approaches. The 
approach is discussed for its potential in making explicit the societal and environmental value 
creation and for fulfilling aspects of plausibility and applicability by the practitioners involved 
in the project. 

Keywords: Sustainability, innovation management, content analysis, transdisciplinary 
research, agricultural innovation, value chain 

 

Introduction 
With growing awareness of global environmental problems caused by agricultural production, 
producers and retailers increasingly strive to introduce sustainability led changes at farm level. 
From a consumer-oriented perspective the willingness to pay for sustainable production of 
food has increased in Europe over the recent years (de-Magistris & Gracia, 2016; Vecchio & 
Annunziata, 2015). This development fuels the legitimate expectation that sustainability led 
changes in agricultural production can contribute to the development of new opportunity 
recognitions and entrepreneurship by finding new ways of production and creatively 
developing alternative markets. 

Previous studies in ecological economics suggest that competitive advantage in changing 
environments is determined by employing dynamic and entrepreneurial capabilities rather 
than by valuable, rare or inimitable resources (Newbert, 2007, Alvarez & Busenitz, 2001, 
Porter, 1985). An assessment of resource combinations for responsible innovations in small 
and medium enterprises calls for new business models that source from collaboration in multi-
actor networks (Halme & Korpela, 2013). A propagation of cooperative approaches in recent 
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years has led to a diversity of agriculture-based niche developments worldwide with multiple 
but small-scale effects on sustainable land management (e.g. Little et al., 2010). The potential 
for a broader impact is often inhibited by the failure to appropriate the value creation necessary 
for a long term establishment in the market. The development of new products is challenged 
by not reaching a competitive advantage over conventional management practices. 

The overall objective of the study reported here was to assess the potentials and limitations 
of integrating sustainability assessment into innovation management processes. The question 
is addressed in the frame of a transdisciplinary project accompanying an ongoing innovation 
process for two case studies in north-eastern Germany. The first case aims at using surplus 
biomass for small-scale thermal production in wet grasslands. This will be enabled by a 
cooperative production strategy by pooling wet grassland farm area in the Biosphere Reserve 
Spree Woods/Błota in the federal state of Brandenburg. In the second case, smallholder 
farmers aim to realise the value of traditional quality breeds produced in a mixed poultry 
production system. This is explored through joint marketing of eggs and meat in Brandenburg 
and Berlin via Naturland Marketing, a trading farmer association for organic farmers. Semi-
structured interviews were analysed based on network analysis, content analysis and case 
comparison in order to answer the following questions: 

What environmental, economic or social values are expected from the innovation as a 
contribution to sustainable land use? 

What is the potential and what are the limits of integrating sustainability assessment into 
innovation management processes in regard to value chain and territorial approaches? 

Agro-ecological innovation 
Agro-ecological initiatives born in the organic movement aim to extend the use of local 
resources as an alternative to the mainstream regime of industrialised agriculture (Barbier & 
Elzen, 2012; Wezel et al., 2009). Activities often involve practices that call for low factor inputs 
per land unit, thereby favouring farm systems in regions with low yield potential or traditional 
cultivation practices.  

The creation of alternative production practices as a new form of agriculture requires a 
comprehensive approach that differs for example from approaches of transforming 
conventional to organic farming by depending on multi-level and multi-actor cooperation to a 
larger extent, e.g. due to missing linkages with supply chains. Similar to processes of radical 
innovations, value realisation of innovative sustainable land management practices is 
challenged by quantity effects in implementation (economies of scale) as well as efficiency 
constraints in production and marketing. In regions, where value chains have adapted more 
or less completely to agricultural systems that follow the rules of economies of scale, 
alternative production systems find themselves in a situation where they are “too big to ignore, 
but too small to survive” (personal communication - smallholder farmer). Positive impacts at a 
landscape level (spatial effects) then depend on coordinated and overlapping strategies 
between actors, e.g. in distribution and marketing. An improved linkage to supply chains 
(sector effects) depends e.g. on interaction of actors between sectors based on spatial 
proximity. Furthermore, an achievement of synergies as well as access rights to resources 
requires interaction between stakeholder groups previously unrelated in production practice. 
Termed system innovation (Elzen et al., 2004; Geels, 2005), these type of innovations were 
found to encompass technological change by requiring a broad change process including 
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adaptations in farm management, the production system or the business model as well as 
new combinations of resources allocations. Figure 1 illustrates the analytical framework for 
the assessment of farms that in order to develop new production processes are faced with 
constraints that can be partly explained by theories from small enterprise development (Glover 
et al., 2016, Porter, 1985), and partly with theories from adoption of sustainable management 
practices (Schot & Geels, 2008).  

 

Figure 1. Agro-ecological innovation systems influenced by economies of scale 
and efficiency constraints (Author’s illustration) 

 

Linking impacts at territorial and value chain scale 
Traditional environmental impact assessment of production processes on farms generally 
targets spatial criteria. Units are based on ha of land, and impacts are often measured in 
emissions or effluents. Agro-ecological indicators for an optimisation of integrated farming 
systems have been developed for example by Bockstaller et al. (1997). These indicators 
estimate the impact of cultivation practices on the environment, and enable farmers to adapt 
their cultivation practices to the requirements of an integrated farming system, from one 
cropping year to the next. Successive tools for assessing environmental, economic and social 
aspects of sustainable management practices in farming systems have differentiated between 
sustainability at farm-level and contributions to sustainable development at a regional scale 
(Ghadban et al., 2013).  

Assessments in innovation processes on the other hand are often related to the value chain. 
Units are generally described per kg of product, such as in life cycle assessments (Lindner et 
al., 2010), while evaluations additionally put a strong focus on the stakeholders linked to the 
product (Sieber et al., 2015). An integration of the supply chain perspective and the production 
site with its natural environment remains a challenge due to trade-offs between the different 
characteristics of scope (Schader et al., 2014). 
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Method 
The study of agriculture based innovations for sustainable land use was conducted in north-
eastern Germany in a range of up to 300 km from Berlin. Economic activity declines with 
distance from Berlin, and the main area is characterised by agriculture, coal mining, renewable 
energies, and increasingly tourism. Agricultural practice is dominated by large farm 
enterprises with an average size of 238 ha, which is four times the German average. Grain, 
field forage and oil seed make up relevant crops in terms of land use. In light of current price 
developments, farms on marginal areas face increasing challenges to operate profitably in the 
long term. The overall development calls for economically viable alternatives based on 
innovative approaches. Often these are developed in a niche market environment, for example 
by making use of a demand for local, organic or high-quality products in the urban environment 
of Berlin.   

The integration of two ongoing innovation management processes into a transdisciplinary 
research project on sustainable land use was the starting point of the analysis. The innovation 
in both cases was a combination of a product based on a new type of production process that 
is perceived as sustainable, and an organisational innovation based on a new form of 
cooperation between actors. In the first case, local farmers aim to explore the use of surplus 
biomass for small-scale thermal production in wet grasslands by implementing a joint strategy 
enabled by pooling smallholder farm land. In the second case, smallholder farmers in the 
poultry sector cooperate with Naturland Marketing, a marketing platform for organic farmers, 
in order to realise the value of traditional quality breeds based on mixed poultry production 
systems.  

The overall approach is defined by participatory action research, characterised by the joint 
solution-oriented collaboration between practitioners and researchers (Pelenc et al., 2015; 
Padilla & Filho, 2012; McIntyre, 2008). The aim was to facilitate the development of the 
innovation towards higher market relevance and to achieve long term establishment of the 
innovation outside its initial niche. The process was being driven by practitioners while the role 
of the researchers was to reflect, assess and consult during the process of development and 
adaptation. The study reported here was conducted as an intermediate step in developing 
tools for an assessment of innovations for sustainable land use.  

Case comparison and data collection 
In both case studies, sustainable management practices were introduced that can be 
described in terms of innovative change. Both case studies stand out due to their setting and 
situation:  

 the innovation process is based in the agricultural sector and is in a phase of a 
conceptual or actual proof-of-concept; 

 the sustainable management practice implicates additional costs that require 
compensation. The break-even threshold was not reached at individual farm level, 
mainly because additional benefits were not acknowledged by consumers. This 
component, however, was not clearly defined by the stakeholders at the outset of this 
study;  

 the stakeholders were not aware of benchmark figures, instruments for resources 
planning or tools for integrated assessments such as RISE (Grenz, 2013) or SMART 
(Schader et al., 2016). A production process “as is” has either phased out or did not 
exist from the start. In consequence, we found that the actors themselves employed 
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no heuristic instruments for a quantified assessment of resources, outcomes or 
impacts e.g. based on book-keeping data.  

Two main data collection methods were applied in the study, namely key informant interviews 
and focus group discussions. For each case study we conducted an on-site inspection 
together with actors involved in the innovation process followed by a transdisciplinary focus 
group workshop with experts from practice, and a workshop for reflection with researchers 
from different fields of sustainability science. Open-ended interviews were conducted with 
people linked to the innovation as well as additional stakeholders from each sectoral and 
regional surrounding areas. The interviews were taped and transcribed. Focus group 
discussions and excursions were documented by protocols and used additionally to 
understand interactions and relationships between actors. Data was analysed by content 
analysis and case comparison to identify the value perceptions of actors linked to the 
innovation.  

Key informant interviews 
Semi-structured interviews with open questions were conducted for both case studies. In 
regard to sustainability value perceptions, a response to questions can differ between open 
and closed questions. The question: “What do you associate with sustainability?” posed as an 
open question will often be responded to by an individual interpretation of the concept of 
sustainability, while a closed question may lead to socially expected responses.  

Actors for the interviews were identified by their proximity to the innovation process via network 
analysis. Actors were categorised at three different levels of cooperation (Table 1). 

A principal actor was identified who is closely linked to the idea or invention. The principal 
actor was characterised by the ability to recognise an entrepreneurial opportunity and initiate 
the process of combining and organising resources. In both case studies, this person was not 
a farmer. The exploitation of the entrepreneurial potential, however, was strongly dependent 
on the commitment of a collective group of farmers who committed to the idea for 
implementation.  

The group of smallholder farmers committed to the innovation process was identified as the 
group of direct actors. The direct actors brought their own resources into the innovation 
process. The relationship to the principal actor is one of mutual dependence and joint 
ownership of the innovation process. The relationship between the principal actor and the 
group of direct actors is characterised by negotiation processes mainly aimed at improving the 
product or the production process.    

The third group was termed indirect actors. This group was linked to the invention by loose 
ties in the sense that there was no engagement in the innovation process with own capital 
resources. Interaction with this group of actors, however, was seen as vital for success in the 
respective sector and region. Moreover, this group can be positively or negatively impacted 
by implementation, for example as a final beneficiary of improved regional assets for tourism 
or better quality products. The direct and indirect actors felt committed to the innovation 
process on the basis of regional proximity in case study 1 and sector proximity in case study 
2.  
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Table 1. Description of actor relationships in the case studies 

 Principal actor Direct actors Indirect actors 
Case study 1:  
Small scale 
thermal energy 
production 

UNESCO Biosphere 
Reserve Spree 
Woods, State Office 
for Environment 

10 smallholder farmers 
with joint land 
ownership of 1000 ha 
in the Spree 
Woods/Błota 

Tourism 
Nature 
conservation 
Hunters and 
fishermen 

Case study 2:  
Mixed poultry 
production 

Naturland Marketing 
GmbH 

8 farmers with total 
poultry production of 
3000 hens produced 
and marketed in 
cooperation with 
Naturland 

Processors (meat)  
Extension services 
Breeders 
Marketing 
organisations 

 

Content analysis 
Content analysis was applied to all transcribed interviews in order to understand the objectives 
associated with sustainable development by the actors involved in the innovation process. 
The concept was based on the understanding that value perceptions have an effect on 
resource allocations and decision making for example in ecosystem services assessments 
(MEA, 2005), and thus should be recognised in innovation management, particularly when it 
comes to economic analysis. It was also used in order to reduce complexity by identifying the 
relevant objectives that linked the innovation process to concepts of sustainability.  

Aligned with the overall participatory approach in the project, the content analysis was applied 
as an empirical method for qualitative and inductive research (Elo & Kingäs, 2007). Whole 
sentences were coded based on attributes of value perception and indicated by words such 
as “relevant”, “important”, “prior”, “it is about”, “essential” and “crucial”. The open codings were 
grouped under higher order headings according to similarity. 15 interviews were analysed for 
case study 1 and 13 interviews for case study 2.  

In a first step, 46 sub-criteria were identified and classified into 15 generic criteria used to 
explain the sustainability aspects of the innovation. The criteria were cross-checked against 
the three pillar approach of social, economic and environmental criteria. In a second step, 
three main categories were retrieved from further abstraction of sustainability objectives that 
ran across social, environmental and economic criteria.  

Results 
The principal, direct and indirect actors involved in the innovation process had a clear idea of 
the values expected from the innovation in regard to sustainable development. The criteria 
formulated in each case study differed in minor points at the level of sub-criteria, while at the 
levels of higher abstraction all criteria were considered relevant by the actors in both case 
studies. An attribution of criteria to social, economic and environmental aspects showed that 
the range of criteria equally covered all three dimensions of sustainable development (Table 
2). In the following, the main differences between case studies are described, and an example 
is presented for each of the three main objectives identified, namely local added value, closed 
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circular systems and capacities for development. Details of the content analysis are presented 
in Table 3.  

Expectations of the stakeholders in regard to sustainability 
The component of remuneration and compensation in financial terms was termed a natural 
objective of the innovation process by almost all interviewed actors. One main concern was 
the difficulty of reaching long-term market establishment in spite of the self-imposed constraint 
by committing to small-scale production.  

The interviewed actors were fully aware of the fact that eggs, meat and biomass held little 
potential for a unique selling proposition as long as the additional benefit of the production 
system was not made explicit. The main product asset articulated in case study 1 was to 
achieve local effects by offering the extra service of “keeping the landscape open” in order to 
preserve a cultural landscape with a distinct aesthetic value and biodiversity. This was 
considered relevant for the local communities in the region of the biosphere reserve, and 
furthermore a requirement for the survival of the region as a tourist destination. In case study 
2 the main product asset was seen in: “ethical production” that involved raising equal numbers 
of male and female chickens in order to avoid premature slaughter; improved animal welfare 
such as small herds held in free-range husbandry; as well as a general support of smallholder 
farming systems.  

Criteria of diversification in farm structure were considered more relevant by case study 2, 
next to ethical issues. The actors took pride in achieving non-standardised production 
processes, in the sense that every farm was encouraged to pan out how the requirements of 
the production process would fit best to the local circumstances of the farm. Therefore, the 
notion of developing alternative approaches “other” or “better” than existing organic or 
conventional farming practices were considered basic criteria of sustainability.  

Contrary to this, consensual decision making was articulated only by case study 1, due to a 
strong sense of accountability for land development. This was underlined by a strong 
recognition of land ownership in the present generation as well as for future generations in 
terms of farm succession and community stability. The notion of preservation of farm 
structures and land as is were considered elementary criteria of sustainability that were not 
mentioned by case study 2. 

 

Table 2. Social, economic and environmental criteria for sustainable agro-ecological 
innovation 

Criteria Sub-Criteria Social Economic Environ-
mental 

Economic 
efficiency 

a) full cost recovery of costs and inputs 
b) achievement of net profit  
c) achievement of a competitive market 
position 

 x  

Product 
demand 

a) acknowledgement of product criteria 
b) purchase of the product 
c) willingness to pay a surcharge 

 x  
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d) regular purchase 

Integrated 
production 

Best practice in terms of: a) farming 
practice; b) resources efficiency 

x x x 

Employment Production and marketing generate: a) 
new sources of income; b) new options 
for employment 

x  x 

Growth Production and marketing: a) 
implemented according to expectation; 
b) improved via horizontal linkages; c) 
improved via vertical linkages; d) 
transferred to the next generation 
(future ability) 

 x  

Continuity Quality and quantity of production is: a) 
stable and permanent; b) assured 
against risks; c) secured by ownership 
and property rights; d) contributing to 
the environment and livelihood of the 
region 

x x x 

Regionality Production and marketing rely on: a) 
integration of local actors; b) integration 
of local resources; c) generation of local 
benefits 

x x x 

Cooperation Production and marketing lead to: a) 
communication and interaction with 
actors along the value chain; b) joint 
activities with other actors for mutual 
benefit; c) merging of activities between 
actors along the value chain; d) 
collaborative decision making 

x   

Circular 
material flow 

Production and marketing support: a) 
recycling of resources and materials; b) 
closed cycle of goods and products; c) 
diversification of assets and risks 

x x x 

Quality Production and marketing meet the 
requirements of the consumer in regard 
to:a) taste and aesthetic perception; b) 
state of condition and shelf life; c) 
general standards defined by market 
and trade; d) criteria extra to common 
standards 

x x  

Diversification Production and marketing are based 
on: a) non-standardised farm size and 
structure; b) non-standardised 
production processes; c) diverse and 

x x  
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inclusive staff structure; d) alternative 
approaches in product handling; e) 
improvement of existing approaches in 
product handling 

Independence Production and marketing approaches 
can be decided and implemented 
independent of actors along the value 
chain 

x   

Biodiversity Production and marketing do not 
negatively impact the conservation of: 
a) species; b) genetic resources; c) 
habitats 

  x 

Climate Production and marketing comply with 
best practice in climate relevant 
emissions 

  x 

Ethical aspects Production and marketing comply with: 
a) ethical production standards; b) 
reduction of waste; non-renewable 
resources and surplus produce; c) 
reduction of input resources beyond the 
necessary (e.g. large packaging) 

  x 

 

Local added value 
Local added value was defined as feedback effects expected from the implementation of the 
innovation in the immediate surroundings, implying financial, social and environmental 
benefits. “Local” was understood in reference to the unit of observation. The direct actors 
mainly referred to the farm in a village environment, or the village in the district environment, 
while indirect actors and principal actors referred to the district, the region or the federal state.  

Benefits included financial returns for people working in adjacent sectors considered sensitive 
or worth protecting in the region, such as tourism in case study 1, and food processing in rural 
agricultural regions in case study 2. The expectation was that the implementation of the agro-
ecological production processes would achieve additional income sources and indirectly 
contribute to the survival of small scale farmers, but also producers and processors.  

Closed circular systems  
The notion of closed circular systems was defined in a broader context encompassing a 
balanced nutrient flow in order to include an efficient use of natural resources with no surplus 
or unutilised waste production and recycling of materials. Furthermore, closed cycles were 
also understood in social terms in the sense of well-functioning networks for cooperation within 
the sector or region.  

The aspect of closed cycles was often linked to regional anchorage, but was also extended to 
the meaning of exploiting the full value chain by coupling elements needed for production and 
marketing independent of distance. For example, in the case of mixed poultry production the 
smallholder farmers had calculated that for approximately every 180 eggs produced one stock 

1072



 

chicken was raised. The reduction of surplus production in this case included the objective of 
a balanced supply and demand for example by good customer relations. In case study 1 the 
exploitation of previously underused biomass was considered the major element for closing 
perceived gaps in the functioning of local social structures and local monetary flow.  

Capacities for development 
Although conscious of the constraints of small-scale production, a strong expectation of growth 
potentials was communicated in the interviews. Capacities for development were defined as 
a potential to develop the innovation along horizontal lines, such as replicating the production 
process in other regions by including more smallholder farmers into the programme, but also 
along vertical linkages, for example by the ability to address marketing structures outside the 
organic sector. Actors in both case studies referred to capacities based on diversification and 
de-centralisation, but also communication and knowledge transfer. 
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Discussion 
Innovations, according to the actors involved in the innovation process, are considered 
sustainable when they a) achieve local beneficiary effects for as many people as possible, b) 
contribute to closed cycles in production and marketing, and c) improve the capacity for 
horizontal and vertical development. The combined effect is perceived as an additional asset 
extra to local, organic or conventional smallholder production by the actors.  

All three main objectives for an agro-ecological innovation illustrate the relevance of local 
anchorage. For agrifood systems, localised production systems have been analysed based 
on the systemic nature of relationships maintained by actors who jointly shape a territory 
through cooperation and joint products (Torré & Wallet, 2013). Spatial differentiation, 
cooperation and bottom-up development are linked with this approach. The results from this 
study add elements of regional autarky. In the case studies this becomes evident by the actors 
expectation to exceed the regular requirements for common organic agricultural production, 
e.g. of Naturland Marketing (Naturland, 2015) and to gain independence from mainstream 
sector relationships.  

Making explicit societal and environmental value creation 
In both cases, the innovative approach for agro-ecological production exceeds the regular 
requirements for organic agricultural production. Thus, the production is affected by a self-
restriction to produce low quantities and therefore consciously refuse to use economies of 
scale. Consumers, however, are mainly unaware of these extra efforts for sustainable land 
use. At the same time, the actors cannot benchmark their activities against common 
requirements such as a product label or standard based on common farm statistics. An 
assessment of sustainability objectives during the innovation process can support the actors 
in articulating the benefits of the agro-ecological innovation, particularly at the level of the 
principal actor who takes the role of the entrepreneur. An entrepreneur is characterised by 
typically facing high ambiguity and uncertainty in the pursuit of a new venture. Decision making 
is largely built on individual heuristics and beliefs, while factual-based logic may be either too 
overwhelming or not available where an innovation is created (Alvarez & Busenitz, 2001). 
While the particular benefits of the agro-ecological innovation were not clearly defined at the 
outset of the study, the actors could harmonise their target and product criteria during the 
course of the study. The result was perceived as a basis for advancing marketing measures 
and customer relationships as well as communication between actors.  

Plausibility and applicability of the approach 
Local added value, closed circular systems and capacities for development are found to link 
both territorial and value chain approaches. The innovation is considered successful by the 
actors when the additional product assets are achieved and financed by revenues. One 
specific of the innovations analysed here is the dependency of success on the willingness of 
a group of farmers who commits to implementing the innovation in joint cooperation. Case 
study 1 requires a minimum number of farmers to achieve the aim of open landscape 
conservation. In case study 2 a critical amount of eggs and meat is indispensable to target the 
market.  

All three main objectives have a clear resonance with value chain assessments for example 
in supporting linkages with other actors along the value chain, upgrading returns from 
production and generating financial flows that become an integral part of the region and sector 
involved (e.g. Graef et al., 2014; Kaplinsky & Morris, 2001). The application of the criteria is 
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strongly actor-oriented. This can be a detriment when it comes to an assessment of site-
related environmental impacts. While the criteria showed a comprehensive approach in 
addressing the sustainable and efficient practices needed for transformation towards 
sustainable development, environmental criteria were selected to a lesser extent by the actors.  

Conclusion 
The study was conducted as an intermediate step in developing assessment tools for 
sustainable agro-ecological innovations in a smallholder farm environment. The integration of 
sustainability assessment in innovation management was found useful particularly by the 
principal actors, namely the biosphere reserve management and Naturland Marketing. The 
benefit is seen in the clarification of objectives in management, and in communication with 
direct and indirect actors. The criteria were grouped along three main objectives that 
encompass both value chain and territorial approaches as well as social, economic and 
environmental values. The results indicate possible development pathways for an assessment 
tool that supports the actors in innovation management with the aim of improving capabilities 
for long-term market establishment and sustainable land management, e.g. via life-cycle 
assessment or balancing methods. The tool, however, must implicitly ensure equal 
consideration of environmental impacts next to social and economic impacts, as these were 
considered to a lower extent by the interviewed actors.  
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Sustainability assessment in Luxembourgish dairy production by CONVIS: a 
tool to improve both environmental and economical performance of dairy farms. 
 
Lioy, R., Meier, A., Dusseldorf, T., Reding, R. and Thirifay, C. 

CONVIS société coopérative, Luxembourg 

Abstract: The paper describes the sustainability assessment tool developed by CONVIS s.c., 
a Luxembourgish farm cooperative active in the field of animal husbandry. After giving an 
overview of the components of the tool, the paper shows how data are collected, processed 
and reported. A concrete example of results is given for dairy farms, illustrating the relation 
between GHG-emissions and economic profitability of farm groups. In particular, it was found 
that the farms with the best environmental performance also tend to have the best economic 
results. Finally, the paper describes how these results are used to improve sustainability of 
dairy farms and points out the potential of the tool for supporting long term changes in various 
environmental fields. 
 

Keywords: Environmental performance, resource efficiency, economical profitableness 

Introduction 
CONVIS s.c., a Luxembourgish cooperative society for cattle and pig breeders, has been 
carrying out a sustainability assessment for member farms since 1996. From the start the aim 
was to improve both the environmental and economic efficiency of these farms, but also to 
improve the image of the agricultural sector in general and of animal husbandry in particular. 
The sustainability assessment was originally carried out for a label of beef meat production in 
Luxembourg and for a special programme co-financed by the Luxembourgish State with the 
specific aim of improving the environmental performance of agricultural farms. These two main 
application fields are still running today. In the last 4 years, the sustainability monitoring was 
also carried out for a dairy producer cooperative which aims to achieve marketing advantages 
by applying the assessment on farm and by communicating sustainability results to the 
consumer. For more information on the tool see the short video on YouTube 
(https://www.youtube.com/watch?v=HcolpJDRlGw). 

The sustainability assessment is developed and carried out by the advice department staff of 
CONVIS. As shown in Figure 1, the self-concept of the advice department is as an institution 
dedicated to filling the gap between the research and the practice level in agriculture by 
organising the knowledge transfer between these two levels. The sustainability assessment 
of CONVIS is an essential tool to implement such knowledge transfer and was consistently 
developed and improved over the course of time. At present, the assessment includes energy, 
nutrient and humus balance (arable land) at farm level, as well as calculation of feedstuff self-
reliance (autarchy), GHG-emissions and an economic analysis of costs and incomes for the 
principal farm production branches (milk, beef meat, cereals). In addition, specifically for dairy 
production, the sustainability assessment also takes into account parameters which illustrate 
the consumption level of the most important production means (feedstuffs, fertilisers, fuel, 
electricity, investments), thus showing the resource efficiency of dairy farms. The proposed 
contribution will give an overview of the sustainability assessment carried out by CONVIS s.c. 
(data sampling, data processing and data reporting). Furthermore, using the relation observed 
between environmental (mainly greenhouse gas emissions) and economic results for dairy 

1081



farms, is an attempt to show how recommendations for improving sustainability of dairy 
production in Luxembourg could be used to achieve changes in the agricultural practice. 

 

Figure 1. Self-concept of CONVIS-Advice Department 

Material and methods 

The CONVIS sustainability assessment for agricultural farms 
To assess the sustainability of farms (in this specific case: dairy farms) CONVIS developed a 
tool capable of estimating their efficiency of resource use, environmental impact and economic 
results. Thanks to software developed for this specific purpose, data are collected from the 
book keeping as well as from the fertilisation planning of the farm (Figure 2). The software was 
programmed to take into account the structure of the book keeping. Concerning in particular 
data about surfaces, livestock, input (production means) and output (products), there is 
absolute coherence between the way the data are organised in the book keeping and the input 
mask of the software. Thus, it is possible to reduce the time for collecting data to a minimum.  

 

Figure 2. Scheme of dataflow in CONVIS sustainability assessment 

Almost all farmers involved in the assessment make use of book keeping carried out by 
accredited institutions. If this is not the case (rarely), the farmers are requested to fill in a form 
that has the same input mask as the software. In total, approximately 240 farms are assessed 
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every year. These farms cover a bit less than a quarter of the agricultural area (cropland and 
grassland) of Luxembourg.  

The data are sent via the internet and processed in a few seconds by a provider. Finally, the 
results are summarised in a report which contains the most important technical, environmental 
and economic parameters of the farm for a given book keeping year. The duration of the whole 
process from data collection to printing the report is about 1.5 to 2 hours. Depending on the 
amount of time at the farmer’s disposal, data collection is carried out either in CONVIS offices 
or directly on the farm. After the collection, data are discussed with the farmer on the basis of 
the sustainability report (Figure 3 gives an example of the sustainability report part for the dairy 
farmers). 

 

Figure 3. Example of sustainability assessment report for dairy farms/branches 
(translated from the original in German) 
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The major part of the graphs and tables of the report are self-explanatory. However, there is 
an important exception: the graph regarding farm positioning. This part of the report refers to 
the GHG emissions, one of the main environmental impacts of dairy farms. We will show and 
discuss here some important results related to the graph mentioned above beginning with the 
methodology used. Finally, we will illustrate how these results could be used to improve 
sustainability of dairy farms in Luxembourg. 

The method used by CONVIS to estimate GHG-emissions considers the emissions resulting 
from production means, animal husbandry and plant production on the one hand, and the 
carbon credits resulting from the storage of carbon in the soil as well as via renewable energy, 
on the other hand. This means that the GHG-emissions shown are net emissions. An 
important particularity of the assessment method used by CONVIS is that many of the dairy 
farms in Luxembourg are mixed farms with more than one production branch. This means that 
GHG sources concerning dairy production have to be separated from those related to other 
production branches (e.g. beef meat or cash crop production). In order to do so, several 
allocation keys are applied to allow an automatic separation of energy and material flows 
among the branches of a farm. An exhaustive description of the method applied including 
emission factors and allocation keys can be downloaded as a pdf-file from: www.convis.lu 
(Manuel méthodologique - Méthode CONVIS, see References section). The only deviation 
from the method described is that minimum tillage is not considered in the present paper: there 
is now some evidence that minimum tillage only changes the distribution of carbon stock, but 
not its total amount in the soil profile (Powlson et al., 2014).  

Apart from figures concerning environmental impact and efficiency use of production means, 
the economic figures of farms are also produced by the data sampling, and allocation keys 
are used to separate the data of the dairy branch from other branches. The economic analysis 
is carried out here on the basis of incomes and costs, and the profitability of the farm (dairy 
branch) is defined only in terms of the difference between these two factors, not taking into 
account subsidies and calculating costs. 

Main figures of the investigated farms 
All the results presented here refer to the average of 50 CONVIS member farms which were 
monitored in the years 2013 and 2014 (the last two years before the withdrawal of the milk 
quota in the EU). The average size of the farms was 124 ha, of which 75 ha (60%) were used 
for dairy production, 27% for beef production and 13% for cash crops (Table 1).  

Table 1. Whole farm and dairy branch indicators (mean values of the investigated farms) 
*LAU: Large animal unit 

Indicators Unit 
Whole 
Farm Dairy branch 

St. deviation 

Size ha 124 75 49% 
Forage surface % 87% 100% 0% 
Cereals ha 23 6 111% 
Silage maize ha 18 14 56% 
Other crops ha 4 1 388% 
Grassland ha 80 54 48% 
Animal density LAU*/ha 1.47 1.61 19% 
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Nitrogen excretion 
kg N-
org/ha 124 147 19% 

N-surplus (farm gate 
balance) kg N/ha 120 134 31% 
Energy consumption GJ/ha 31 37 31% 

 

The dairy branch showed a higher animal density than the corresponding value for the whole 
farm. Consequently, the nitrogen surplus of the dairy branch as well as its energy consumption 
were also higher than the result at farm level. 

 

Table 2. Dairy production indicators (mean values of the investigated farms) 

Indicators Unit Values St. deviation(1) 
Dairy cows n 74 55% 
Milk produced per farm kg 549.443 124% 
Production intensity kg milk/ha 7.289 30% 
Cow performance kg milk/year 7.406 15% 
Basic ration performance kg milk/year 2.941 35% 
Basic ration performance % 40% 35% 
Protein autarchy % 52% 27% 
Concentrate per cow and day kg 6.12 30% 
Concentrate per kg milk kg 0.30 23% 
Concentrate per dairy farm t 166 157% 

 

 

In comparison with the long-term average data of CONVIS farms (Lioy et al., 2014), these 
farms showed a higher level of animal density and a higher importance of dairy production in 
comparison with other production branches. The figure of protein autarchy (Table 2) refers to 
valorization of the farm's own protein sources in feeding the dairy herd. In the case of the 
investigated farms, only 52% of the protein needed by the cows came from farm sources, with 
48% coming from outside (concentrates). 

Results and discussion 
The GHG-emissions (surface and product related, Table 3) as well as the economic data of 
the farms investigated (Table 4) showed a wide spread in the results. In the case of economic 
figures, the spreads of incomes and costs were relatively small, those of the profit were 
however very large. The main aim of this section is to examine the origin of the variability, and 
in particular the influence of farm structure and management on the result.  
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Table 3. Surface and product related GHG-emissions of investigated farms 

 t CO2eq / ha kg CO2eq / kg ECM 
Mean value 10.3 1.22 
St. deviation 26% 21% 
Max 22.5 1.82 
Min 6.6 0.79 

 

Table 4. Economic figures of farms analysed (mean 2013-2014, values in €cent/kg ECM) 

 Mean St dev.% Max Min 
Milk 40.51 3% 42.61 36.99 
Meat 4.63 49% 11.96 1.92 
Other incomes 2.45 107% 17.82 -0.01 
Sum incomes (1) 47.58 8% 65.16 42.77 
Farm feed production 16.01 24% 25.71 10.43 
Feedstuff purchase 8.98 28% 17.18 5.02 
Other costs for animal 
husbandry 10.40 27% 16.44 4.78 
Other general costs 4.99 49% 12.27 1.60 
Sum costs (2) 40.38 18% 63.61 24.48 
Profit (1)-(2) 7.21 92% 27.77 -3.85 

  

As in the past (Lioy et al., 2014; Lioy et al., 2012), we observed that the behaviour of surface- 
and product-related emissions were divergent, if expressed as a function of the production 
intensity (kg milk/ha, Figure 4).  

 

Figure 4. Behaviour of surface and product related GHG-emissions in function of 
production intensity 

This observation led us to divide the farms into 4 groups as a function of their results in surface- 
and product-related emissions in comparison to the mean value of all farms (Figure 5).  
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Figure 5.  Division of the farms examined in groups as a function of their position in 
relation to the mean value 

 

The first group (Eco-Eff) and the last group (nEco-nEff) showed results in GHG-emission per 
ha and per kg ECM respectively lower and higher than the average (Table 5). The second and 
the third group had an intermediary position: nEco-Eff showed a higher result in surface-
related GHG-emissions and a lower result in product-related ones; Eco-nEff behaved 
antithetically to nEco-Eff.  

 

Table 5. Mean values of GHG-emissions of farm groups in comparison with mean value 
of all farms 

Farm 
groups t CO2eq / ha St.Dev.% kg CO2eq / kg ECM St.Dev.% 
All farms 10.3 26% 1.22 21% 
Eco-Eff  8.5 14% 1.06 12% 
nEco-Eff 12.0 13% 1.02 9% 
Eco-nEff 9.0 13% 1.37 11% 
nEco-nEff 12.7 29% 1.39 10% 

 

To characterise the four generated groups more precisely, it is helpful to have a look at the 
values of their production intensity (Table 6). The groups nEco-Eff and Eco-nEff had an 
intensity which was farther from the mean value. For simplicity, we will subsequently call these 
farm groups intensive (nEco-Eff) and extensive (Eco-nEff). The intensity of the other two 
groups (Eco-Eff and nEco-nEff) was closer to the main value of all farms. We will from now on 
call these last two groups medium intensive-efficient (Eco-Eff) and medium intensive-not 
efficient (nEco-nEff) farms. 
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Table 6. Production intensity (kg milk/ha) of different farm groups 

Farm groups kg milk/ha StDev% 
All farms 7,289 30% 
Eco-Eff (medium intensive-efficient) 6,721 12% 
nEco-Eeff (intensive) 10,280 17% 
Eco-nEff (extensive) 5,546 16% 
nEco-nEff (medium intensive-not 
efficient) 8,000 28% 

 

As we can observe in Figure 6 the intensity minimum value of the intensive farms was higher 
than the maximum value of the extensive farms. This means that these two farm groups were 
well separated in terms of production intensity and it could be expected that the results of 
these two farm groups were mainly influenced by the farm structure. The other two groups 
were positioned in the middle of the intensity (medium intensive farms). Given the lower 
difference of structure described by the production intensity, the difference in the results of the 
medium-intensive groups could be influenced mainly by the farm management.  

 

 

Figure 6.  Mean value and spreads of production intensity of farm groups 

 

We now take a look at the economic results of the four farm groups. It can be observed (Table 
7) that the mean value of the profit was higher (for medium intensive-efficient) and respectively 
lower (medium intensive-not efficient) in the farm groups with the medium production intensity. 
Intensive and extensive farms occupied a middle position, with slightly better scores for the 
intensive ones. In addition, medium intensive-efficient had the lowest level of costs, but not 
the higher level of incomes, which was reached by the extensive farm group. The variability of 
the results was lower in the group medium intensive efficient, although, as shown in Figure 7, 
the spread between minimum and maximum reached the highest level in this group (medium 
intensive-efficient).  
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Table 7. Incomes, costs and profit (all in €cent / kg milk) of farm groups 

 

 
All 

farms 

Medium 
intensive-
efficient Intensive Extensive 

Medium 
intensive- 

Not efficient 
Sum incomes (1) 47.6 47.0 46.9 48.3 48.0 
Sum costs (2) 40.4 36.8 38.9 41.9 43.2 
Profit (1)-(2) 7.2 10.2 7.9 6.5 4.9 
St. dev.% 92% 74% 89% 89% 118% 

 
 

 
Figure 7. Mean value and spreads of profit for farm groups 
 
How can the observed hierarchy of results be explained? In both GHG-emissions and 
economic figures, we observe that the farm group with the best results in the mean value was 
the medium intensive-efficient one, followed by the groups intensive, extensive and medium 
intensive-not efficient. We can characterise the different farm groups with the help of Table 8 
which gives an overview of principal farm indicators. The first observation is that the best group 
(medium intensive-efficient) had the smallest size of all. In addition, the total amount of kg milk 
produced per farm as well as the number of dairy cows was the smallest in the group medium 
intensive-efficient compared to all other groups. In terms of intensity, the animal density 
confirms that the second group (intensive) contained the most intensive farms. It seems that 
smaller farms are under stronger pressure to produce efficiently, in particular concerning the 
use of concentrate and raw feed performance. 

The farm group with the best results (medium intensive farms) purchased less concentrate 
than the other groups, and had as a consequence the best raw feed performance (milk 
produced from grass and silage maize) as well as the best protein autarchy (valorization of 
own farm protein sources). In the other groups, the extensive farms had a better raw feed 
performance than the intensive farm, and the last group (medium intensive-not efficient farms), 
although less intensive on average than the intensives, had the lowest level of feeding 
efficiency, revealed by a small value in raw feed performance and protein autarchy. 
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Table 8.  Indicators of different farm groups – (1) in kg milk/cow/year 

 

Indicator All 

M. 
intensive-
efficient Intensive Extensive 

M. 
intensive-

not 
efficient 

Size (ha) 75.4 56.0 79.3 85.3 79.8 
Cereals (%) 8% 9% 7% 8% 8% 
Maize silage (%) 19% 18% 21% 15% 23% 
Grassland (%) 73% 73% 72% 75% 68% 
Dairy cows (n) 74 54 93 70 89 
Produced milk per farm 
(kg) 549.443 376.375 815.682 472.838 638.421 
Production Intensity (kg 
milk/ha) 7.289 6.721 10.280 5.546 8.000 
kg milk/cow/year 7.406 6.979 8.767 6.750 7.198 
Animal density (LAU/ha) 1.61 1.57 1.83 1.41 1.80 
Concentrate 
(kg/cow/day) 6.12 4.57 7.50 5.16 7.16 
Concentrate (kg/kg milk) 0.30 0.24 0.31 0.28 0.36 
Concentrate per dairy 
farm (t) 166 90 255 132 232 
Raw feed performance 
(1) 2.941 3.641 3.289 2.981 1.971 
Raw feed performance 
(%) 40% 52% 38% 44% 27% 
Protein autarchy (%) 52% 66% 45% 59% 39% 

 

 

When we look at the cost and income structures of the farm groups (Figure 8), we find that 
the costs for purchasing concentrates were lowest in the medium intensive-efficient group. 
Although the intensity difference between the better group (medium intensive-efficient) and 
the group with the worst mean values (medium intensive-not efficient) was the smallest, we 
observe the highest difference in the total amount of costs between these two groups of farms. 
Still with regard to the purchase of concentrates, the last group had costs higher by almost 
50% than the best group. There was a huge efficiency gap between the best and the worst 
farm group.  
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Figure 8. Income and cost structure of farm groups 

The results of the intermediate groups (intensive and extensive) are a bit more difficult to 
explain. The one group (intensive farms) had lower total costs than the other (extensive farms). 
The greatest difference was related to the costs for the farm feed production, which was 
considerably higher in the extensive farms. This could be explained by the bigger size of the 
latter farms and with their higher grassland surface, which caused higher costs than silage 
maize. The higher costs for the extensive group, in comparison with the intensive group, was 
not compensated for by a higher income, so that the main value of profit for the extensive 
farms was lower than the correspondent value for the intensive farms (see also Table 7). 

The structure of CO2-balance of the different farm groups (Figure 9) allows us to confirm that 
there is a gap in the efficiency of the resource use between the medium intensive-efficient and 
the medium intensive-not efficient groups, given that the intensity of the two groups was 
relatively close. Nevertheless, in all the figures of the CO2-balance, the medium intensive-not 
efficient group had higher amounts of GHG emissions, no matter whether these are expressed 
per ha or per kg ECM. In the other two cases, the structure of the farm (intensity) played a 
very important role: in the case of more intensive farms we can expect that the result is better 
if related to the product; and in the case of extensive farms, the result is better if related to the 
surface. We would like to stress that for a correct interpretation of the environmental impact 
specifically for these farms, both functional units are needed. 

 

Figure 9. Structure of CO2-balance of farm groups 
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Main conclusions 
The sustainability assessment of dairy farms carried out with the CONVIS-methodology allows 
evaluation of the optimisation potential in dairy production. The estimation concerns GHG-
emissions as well as economic figures. 

To correctly assess the improvement potential of CO2-balance, a combined analysis of both 
surface and product-related emissions is necessary. With the method illustrated here, it is 
possible to divide farms into homogeneous groups depending mainly on the structure (e.g. 
production intensity) of dairy farms. 

The farms with a medium intensity of production differed mainly in the efficiency of production 
mean use, while the result of the most intensive or most extensive farms was mainly influenced 
by their structure. 

The basic ration performance and the protein autarchy were key management indicators for a 
good (or bad) CO2-balance as well as for a good (or bad) economic result. Farms with the best 
indicators in this field work efficiently both in the environment as well as in economic terms. 

The same rank of results was observed in both fields (environment and economics), with better 
performances for efficient medium-intensive farms followed by intensive, extensive and not 
efficient medium-intensive farms. 

The results which are presented here refer to the last two years before the withdrawal of the 
milk quota in the EU. It is also necessary to extend the analysis to the years after the 
withdrawal of the milk quota in order to find out whether intensive farms can exploit their higher 
cost reducing potential and thus improve their position. 

How results will be used to achieve practical changes 
The results presented in this paper will be disseminated in several ways, addressing various 
target groups: 

1. Individual on-farm consulting on the basis of sustainability assessment report (240 farms). 
2. Publication of results in the CONVIS quarterly magazine “de Lëtzebuerger Ziichter”. This 

magazine can also be found online on the CONVIS website  (www.convis.lu). Addressees 
of the magazine are not only farmers, but also consultants and other stakeholders in the 
agriculture sector.  

3. CONVIS organises an annual one day info-event where important results are shared and 
discussed with farmers, consultants and administrators. 

4. Specifically for the dairy producer cooperative mentioned earlier in this paper, an info-
meeting will be organised in 2016. 

Potential for catalysing practical change of the CONVIS sustainability assessment tool 
Due to the fact that the evaluation method for GHG emissions of dairy farms presented here 
has been implemented in the CONVIS sustainability assessment tool for only two years, it is 
not possible yet to present long term change effects. However, long term tendencies in 
neighbouring environmental fields analysed by the CONVIS tool are available. Regarding 
nutrient farm gate balances (for example nitrogen, phosphorus, potassium - Figure 10), the 
average surpluses of the farms could be significantly reduced from 1996 to 2010 (the increase 
of the nutrient surpluses since 2011 can be explained by adverse weather conditions and by 
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the fact that farmers purchased more production means in expectation of the withdrawal of 
the milk quota system).  

 
Figure 10.  Long term nutrient farm gate balances of CONVIS assessed farms 
 
 

In addition, the CO2-balance at farm level could be significantly improved in the last 10 years 
(Figure 11). This improvement is not the result of reduction of GHG-emissions, but of the 
increase of carbon credits due to biogas production and more wide-spread use of minimum 
tillage practices. 

 

Figure 11.  Long term CO2-balance at farm level of CONVIS assessed farms 
 
 

The CONVIS sustainability assessment tool allows us to register changes and to address the 
direction of the advice service in order to improve farm sustainability. We also feel confirmed 
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in our approach because farmers react very positively to a tool where, as in our case, 
environmental and economic figures of the farm are closely linked. This helps to reduce the 
gap between research and practice and, as a consequence, to increase the acceptance of 
advice work. 
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Abstract: Family farms of the groundnut Basin bear the brunt of the effects of climate change 
and experience severe mutations as well as facing changes to their social, cultural and 
technical arenas. Agriculture, historically the main activity in the area, has less and less 
importance due to the deterioration of the means of production. In response, it is imperative 
to identify the constraints and risks affecting farms. Farmers have focused on structural 
constraints such as lack of inputs and farm equipment and climatic hazards such as insufficient 
rainfall. The analysis of the forms of risk shows that there is a large spatial and temporal 
variability in rainfall with different droughts that have impacted negatively on farming activities. 
These events have increased the vulnerability of farms in addition to the low level of adoption 
of technology and the low level of market integration. The indicators related to the means and 
factors of production are behind the vulnerability of farms.  

Keywords: Family farm , constraints, risk, groundnut Basin, climate change 
 

Introduction 
Family farming is linked indissociably to national and global food security. In developing 
countries as in developed countries, it is the main form of agriculture in the food production 
sector (FAO, 2014). It corresponds to a form of production that is characterised by the 
particular structural link between economic activities and family structure. It sustains 2.6 billion 
people and provides work for 40% of the global workforce (Agropolis International, 2014). It 
ensures at least 56% of agricultural production (FAO, 2014). In sub-Saharan Africa, most of 
the farms are family (nearly 80%) and the sector employs nearly 75% of the workforce 
(www.repaoc.org). 

Family farms in the groundnut Basin bear the brunt of the effects of climate change and 
experience severe mutations as well as facing changes in their social, cultural and technical 
arenas. Agriculture, historically the main activity in the area, has less and less importance due 
to the deterioration of the means of production. In response, it is imperative to identify the 
constraints and risks affecting farms. The risks (natural, agricultural, economic) are felt most 
acutely, accentuating vulnerability. Understanding vulnerability, conceptualised through the 
exposure, sensitivity and adaptive capacity is therefore essential to study the potential effects 
of risks  

Methodology 
The complexity and heterogeneity of the targeted family farms and the extent of the study area 
has led us to adopt a sampling method known as "multi-stage". The first step is the 
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identification of the study areas using a reasoned choice based on the information acquired 
via various projects involved in the field. The second step is a reasoned choice of 
representative villages in these areas. The last stage involves the random selection of family 
farms in the selected villages. For the Basin area, we selected 200 family farms (100 per zone). 
Several questionnaires on sociodemographic and structural data of the risks were 
administered to farms. For the typology, we took only the area surface as a discriminatory 
criterion. We divided our sample according to the typology proposed by the last global census 
of population, housing, agriculture and livestock (RGPHAE, 2013). 

Quantitative vulnerability assessment is performed by the development of a "vulnerability 
index" resulting from different types of vulnerability indicators related to farming. These 
indicators are variables (quantitative or qualitative) that must reflect the exposure, sensitivity 
and adaptive capacity of the farms facing risks, To standardise these indicators, we used the 
Human Development Index (HDI) of the UNDP (ICRISAT, 2009) that allows us to get free data 
units so that all values are between 0 and 1. 

Results and Conclusions 
The analysis of the forms of risk shows that there is a large spatial and temporal variability of 
rainfall with different droughts that ended up impacting negatively on farming activities. 
Farmers have focused on structural constraints such as lack of inputs and farm equipment 
before putting emphasis on the climatic conditions with insufficient rainfall. These risks have 
very different implications not only through time and spatially but also on socio-economic 
factors in the different types of farms. For exposure, the variables taken into account are the 
rainfall and temperature. The main activities (agriculture and livestock) are not viable without 
the presence of water and are highly impacted by temperature due to existing production 
systems in the Basin. For sensitivity, we have focused on the key factors of production: land, 
labour, inputs and farm equipment, Most of these variables have relatively important clues 
showing their role in farm vulnerability. For adaptive capacity, variables concerned the 
provisions of farms in relation to markets, education, income, relationships with organisational 
and financial institutions. These indicators allow us to appreciate the dynamism among farm 
members and the sources of income or financing.  

The vulnerability index at farm level is relatively high (0.66). The indicators related to adaptive 
capacity and sensitivity are the most important. These incidences have increased the 
vulnerability of farms in addition to the low level of adoption of technology, and the low level 
of market integration. The indicators related to the means and factors of production are behind 
the vulnerability of farms. Thus, it is in the understanding of these issues that we can find the 
political options for securing livelihoods in order to establish a sustainable production and living 
environment. 
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Abstract: Several indicators and methods have been already applied for sustainability 
assessment in agriculture. The links between sustainability indicators, agricultural 
management and policies are not well explained (Wei et al., 2009). The aim of this study is to 
combine biophysical and monetary sustainability assessment tools to support agriculture 
policy decision-making. Three methodological steps are considered: i) the environmental 
impacts of farms are assessed using terrestrial acidification, freshwater eutrophication, soil 
and freshwater ecotoxicity as well as natural land transformation; ii) the most relevant 
indicators of agricultural damage on ecosystems’ quality are aggregated into an index; and iii) 
the farm index score is combined with farm assets, land and labour, into the Sustainable Value 
Approach (SVA), as an indicator of natural resources used by farms. The methodology was 
applied in a case study on arable farms with and without animal husbandry in the "Alta Murgia" 
National Park. The sampled crop farms have a higher sustainable value using their economic 
and environmental resources. Mixed farms need to improve their resource use efficiency. 
Although crop farms have lower land-use efficiency than mixed farms, our results suggest, 
that specialised crops farms generally perform better in terms of ecosystems’ quality 
preservation. Finally, we find that Life Cycle Assessment (LCA) providing a measure of the 
environmental impacts of farms clearly enriches the SVA. 
 
Keywords: Farm sustainability, ecosystem quality damage, sustainable value, integrated 
assessment. 
 
Introduction 
Sustainability assessment is considered an important step towards sustainable human 
activities (Pope et al., 2004). Scientists have developed several different sustainability 
evaluation tools in the last thirty years such as biophysical, monetary tools and sustainability 
indicators to deal with the triple bottom dimensions of sustainability (environmental, economic 
and social) (Gasparatos & Scolobig, 2012; Van Passel & Meul, 2012; Kloepffer et al., 2008). 
Interesting reviews of different approaches for sustainability assessment can be found in 
Neumayer (2003), Gasparatos et al. (2008), Jeswani et al. (2010) and Van Passel & Meul 
(2012). However, the scientific debate between supporters of monetary or biophysical tools 
remains unsolved (Gasparatos & Scolobig, 2012). Moreover, biophysical and monetary 
assessment methods differ also in their basic concept of value, relying on cost of production 
and utility theories of value respectively (Gasparatos et al., 2009). According to Gasparatos et 
al. (2009), sustainability assessment based on only monetary or biophysical tools ignores the 
interaction between the two different approaches resulting in a marked deterioration of the 
decision making process. The combination of biophysical and monetary tools may help to 
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achieve a wider sustainability perspective. These "hybrid approaches" (Gasparatos et al., 
2008) were strongly fostered in order to balance the simplicity, the wider acceptance and the 
easy communication characteristics of monetary tools with the more strict and objective 
relation with ecosystem functions and flows of the biophysical ones, with a logical effect on 
the improvement of systems’ sustainability.  In order to avoid critical issues related to 
consistency and weighting between environmental, economic and societal priorities 
(Hoogmartens et al., 2014), monetary and biophysical sustainability assessment approaches 
could help to provide decision makers with tools for a simplified and standardised sustainability 
assessment (Jeswani et al., 2010). 
 
Several indicators such as water withdrawal, threatened species, soil organic carbon content, 
soil nutrient retention capacity, fertilisers and pesticides use, etc. (Reytar, et al., 2014) were 
developed to understand the complex relationships between agriculture and environment, but 
links between sustainability indicators and agricultural management are not well explained 
(Wei et al., 2009).  
 
The aim of this study is to cover this deficiency by exploring options for combining biophysical 
and monetary sustainability assessment tools to support agriculture policies decision-making 
at local, regional or national level.  To achieve this goal, the Life Cycle Assessment (LCA) 
methodology (biophysical tool) was integrated into a monetary sustainability assessment tool: 
the Sustainable Value Approach (SVA). LCA has been used to define the environmental 
impacts of the agricultural activities at the farm level, while SVA allows local policy makers to 
compare the sustainability performances of different farm management strategies. The 
proposed methodology was applied in a case study to the agricultural system of the "Alta 
Murgia" National Park (hereinafter simply referred to as Park). According to the EC Regulation 
1242/2008  - establishing a community typology for agricultural holdings - the typologies of 
agricultural holdings inside the Park are: mixed crops-livestock; specialist field crops and 
specialist grazing livestock (Ente Parco Nazionale dell’ Alta Murgia, 2010). 
 
This study was a cradle-to-farm gate study, in which all the raw materials and processes are 
included from raw material extraction or production, to crops or livestock production.  
 
This paper addresses the following research questions: a) is it possible to combine biophysical 
and monetary sustainability assessment tools in a meaningful and consistent way to agro-
ecosystems?; b) is this methodology suitable for investigating structure policy measures to 
improve the sustainability of agriculture in natural areas? 
 
The paper is structured as follows. The next section focuses on the logical framework and the 
methodologies used in the assessment of the environmental and socio-economic impacts of 
the farm activities inside the Park. The main results are then presented and the paper 
concludes with a discussion and conclusions section. 
 
A pathway to a more integrated sustainability assessment  
 
An integrated sustainability assessment of agro-ecosystems 
Agro-ecosystems are arguably the most managed ecosystems in the world (Stoorvogel et al., 
2004; Wei et al., 2009). In the past, agro-ecosystems were managed and evaluated 
overemphasising their social and economic components (Wei et al., 2009). According to 

1100



different authors, this has caused many changes to ago-ecosystems such as land degradation, 
loss of biodiversity, groundwater depletion, greenhouse gas emissions and erosion (Conway, 
1985; van der Werf & Petit, 2002; Dale & Polansky, 2007). The increasing concern about the 
negative impacts of agricultural activities on natural resources underlies the development of 
many methods for their evaluation (for a thorough review see van der Werf & Pertit, 2002;  
Payraudeau & van der Werf, 2005). In this context, sustainable agriculture can be defined as 
the management of the agro-ecosystem in such a way that it can maintain its biological 
diversity, productivity and regeneration capacity today and for the future (Van Cauwenbergh 
et al., 2007). In more detail, Pretty et al. (2008) defined agriculture sustainability as the 
capability of agricultural systems to: (i) integrate biological and ecological processes, (ii) 
minimise the human-made inputs, and (iii) make productive use of farmers’ knowledge and 
their collective capabilities. Several models integrate biophysical and economic assessment 
of agro-ecosystems sustainability (for a thorough review see Janssen & van Ittersum, 2007). 
Stoorvoegel et al. (2004) propose the so-called Trade-off Analysis Model, an integrated 
biophysical and economic approach for assessing sustainability of agro-ecosystems, 
highlighting the role of temporal and spatial scales to supply policy-makers with useful 
indicators. Wei et al. (2009) used the force-pressure-state-impact-response approach to 
identify the interactions between biophysical and economic models in order to provide a 
comprehensive evaluation of farms’ performance. Paracchini et al. (2015) presented another 
approach to sustainability assessment at different spatial levels (single farm, farming region, 
etc.) in combination with a wide range of indicators. According to Dantsis et al. (2010), the 
application of multiple criteria in agricultural system sustainability assessment requires several 
assumptions and simplifications although it also has several advantages (e.g. representation 
of the current agricultural management practices, the simplification of the composite concept 
and its applicability to different spatial scales). An interesting evaluation of the pros and cons 
of aggregate indicators for agricultural sustainability assessment is given by Gomez-Limon 
and Sanchez-Fernandez (2010). Usually, these "indicator lists" (Gasparatos et al., 2009) have 
been developed in order to capture sustainability issues relevant for a specific context. 
Therefore they are not widely applicable. One example of this approach is the project 
"Agroecosistemi"1  supported by the Park. This approach is based on the AESIS (Agro-
Environmental Sustainability Information Systems) framework, developed by Pacini et al. 
(2011). The project aims to identify a list of indicators according to the different sustainability 
dimensions (environmental, economic and social) for the assessment of farms’ sustainability 
performance and their contribution to the needs of the "Park System". Economic, biological 
and physical components describing the agro-ecosystem contribute to the overall 
sustainability (Belcher et al., 2004). Moreover, the complex trade-offs between these 
components call for a holistic approach to agro-ecosystems sustainability assessment in order 
to identify sustainable management practices (Pacini et al., 2015). However, the dependency 
of farms activities on natural resources and human-made resources requires a better 
understanding of the links between environmental indicators, farm management activities and 
policies. Integrated sustainability assessment tools may be appropriate to identify policies’ 
priorities for creating more sustainable agro-ecosystems. 

                                                      
1 
http://www.parcoaltamurgia.gov.it/officinadelpiano/index.php?option=com_content&view=article&id=856&catid=4
1 
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Methodological framework 
To account for the requirements of sustainability assessment of agro-ecosystems described 
above, we structured our analysis in three steps: (i) the life cycle environmental impacts 
assessment of the studied farms, (ii) the aggregation of some impacts categories into the 
ecosystem quality damage index, and (iii) the incorporation of this index into the SVA algorithm. 
Figure 1 illustrates the approach to assess sustainability of agricultural production systems 
combining LCA and SVA.  
 

 
Figure 1.  A framework for an integrated sustainability assessment of agro-ecosystems 
 
 
The sustainable value of different farms and agricultural sectors (specialised crop and mixed 
farms) is calculated to compare their role in guaranteeing the sustainability of agro-
ecosystems. The farms’ contribution to environmental sustainability can be monitored using 
LCA. Within the LCA methodological framework, the ReCiPe endpoint impact assessment 
method (Goedkoop et al., 2012) was selected in order to combine a problem (CML) and a 
damage oriented (Eco-indicator 99) approach. Although traditional LCA is a steady-state tool 
which does not account for the uniqueness of the environmental systems affected and their 
sensitivities to emissions sources (Reap et al., 2008) this bias has been reduced by means of:  
 

I. Consideration of only the most affected environmental impact categories by this site-
specificity bias, such as: terrestrial acidification, freshwater eutrophication, soil and 
freshwater ecotoxicity (Reap et al., 2008). 

II. Further reduction of the impact categories according to the main geo-morphological 
and ecological characteristics of the studied area.  

While the ReCiPe method uses the data on registered species at the European or Global level, 
in this study the selected impact categories were normalised using data at the Mediterranean 
spatial level2. The ReCiPe methodology assumes that the quality of ecosystems is adequately 
represented by the diversity of species (Goedkoop et al., 2009). Hence the five impact 
categories terrestrial acidification, terrestrial ecotoxicity and freshwater ecotoxicity, freshwater 
eutrophication and natural land transformation (measured in terms of species lost/year) have 
been considered as a good proxy for the damage caused to ecosystems’ quality. Assuming a 

                                                      
2 Data from 2000 have been used according to Brooks et al. (2002) in order to be consistent with the 
normalisation procedure used in the  ReCiPe impact assessment method. 
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linear relationship, an aggregated index has been designed (the ecosystem quality damage 
index), accounting for the overall effects of the farm’s management activities on ecosystems’ 
quality. The ecosystem quality damage index has been incorporated into the SVA algorithm 
representing the natural resources used by farms to create value added for the society. 
However, by definition, the outcomes of the SVA compensate for the negative impacts 
generated by farms with the positive ones. Therefore, the value contribution (the Return to 
Cost ratio) for each category of capital was calculated in order to identify on which resource 
category (capital, land, labour, natural) the efforts should be focused in order to achieve a 
more sustainable agro-ecosystem within the Park. 
 
Materials and methods 
To broaden the general insights into the integration and combination of sustainability 
assessment tools and to answer the call for methodological pluralism in holistic sustainability 
assessment (Gasparatos et al., 2009), this study performs a sustainability evaluation of 
farming systems both at the farm level and at the regional level.  Therefore, LCA and SVA are 
integrated. Combining these two methods is feasible because they satisfy the request of 
complementarity, consistency and ability to address all the perspective of sustainability (Van 
Passel & Meul, 2012).  
 
Application of this method is illustrated in a case study involving 14 mixed and specialised 
crops farms located in the Park. All the relevant farm characteristics are summarised in Table 
1. 
 
Table 1.  Average descriptive statistics of the data sample of crop and mixed farms 
 

 Unit Crop Farms Mixed Farms 
Farm size and land use  Mean value Range Mean value Range 
Cultivated area (UAA) ha 178 40 - 410 313 94 - 1040 
Crops area ha 178 40 - 410 60 4 - 121 
Grassland area ha   224 19 - 1000 
Forage area ha   40  9 - 67 

 

      

Farm Intensity      

Annual crop production q./ha 20  3 - 37 26 15 - 56 
Annual livestock productiona q./yr   56 0 - 150 
Herd size Number of heads   293 90 - 520 
Financial capital KEUR 96 22 - 318 173 16 - 307 
Subsidies  

 KEUR 70 14 - 126 30  4 - 44 
Labour Average Work Unit 1 0,1 - 2 2  1 - 2 
a The production of one of the mixed farms was excluded in the calculation because it is the only case 
that produces sheep meat 
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The LCA approach  
LCA was applied for analysing the interactions between agricultural activities and the 
environment, allowing the evaluation of the main environmental impacts of farm activities in 
the Park area. The goal of this LCA study was to assess the relationships between farm 
activities and ecosystems’ quality loss within the Park. Data from the commercial farms that 
participated in the project “Agroecosistemi” (n=14) were used and refer to the year 2013. Data 
were collected on farm management strategies, yields, fertiliser and pesticide use and water 
consumption, as well as the technique of animal husbandry (semi-wild or tethering), types and 
amount of animal feeding materials, etc. Data acquisition was performed using questionnaires 
that had been provided to participating farmers. An area based functional unit (FU) was 
defined for this study, since the sampled farms belong to the same class of "land use intensity". 
In order to account for land size effect, each farm is considered as a single production unit 
and it has been employed as a reference point for the estimation of environmental impacts.  
 
The FU used within this study is thus a farm with UAA equal to 40 ha, which corresponds to 
the surface of the least extensive farm in our sample. For each farm, a detailed cradle-to-farm-
gate life cycle assessment, including on and off farm pollution and avoided impacts, was 
performed (Figure 2). 
 
 

 
Figure 2. System boundaries used for the environmental impact assessment of the 
sampled farms. 
 
 
The Ecoinvent database (version 2.2) was consulted, for collecting the data concerning raw 
materials’ production and transports. Simapro 7.3.3 was used as a calculation platform. 
Transports inside the farm were excluded from the system boundaries. The use of manure 
and recycling of seeds were accounted for in the system as prevented impacts due to the 
avoided production of, respectively, nitrogen and phosphorus fertilisers and commercial seeds. 
The amount of fertiliser produced was determined based on the mean N and P content of 
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bovine and sheep manure respectively (Brentrup et al., 2000; Azeez et al., 2010). The 
emissions of N fertiliser and manure were calculated according to Brentrup et al. (2000), using 
different references to estimate the N-balance for the different crops (Ryden et al., 1984; 
Köpke & Nemecek, 2010; Garabet et al., 1998). The leaching fraction of applied P fertilisers 
was estimated according to Nest et al. (2014). Pesticide emissions were assessed using the 
PestLCI model (Dijkman et al., 2012). Methane emissions to air and N2O emissions to water 
and soil from livestock breeding and grazing were assessed using the IPCC tier 2 approach 
(IPPC, 2006).  
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For the life cycle impact assessment (LCIA) the endpoint ReCiPe method (Goedkoop et al., 
2012) was used, which integrates the ‘problem oriented approach’ of CML-IA (Guinée et al., 
2002) and the ‘damage oriented approach’ of Eco-indicator 99 (Goedkoop & Spriensma, 2001). 
Both these approaches have strengths and weaknesses related to: (i) the level of uncertainty; 
and (ii) the interpretability of the results. The ReCiPe method implements both strategies and 
has both midpoint (problem oriented) and endpoint (damage oriented) impact categories. The 
"Alta Murgia" is the main water resource for the entire Apulia Region (Canora et al., 2008) and 
it is highly important in terms of vascular plants and animal biodiversity (Perrino et al., 2006; 
Cotecchia, 2010). To account for these typical traits, the impact categories used for this study 
were water -use and land-use changes (Chapin III et al., 2000). The ReCiPe normalisation 
factors are based on data at both the European and global level, whereas policy makers often 
are interested in using smaller regions as reference systems (Sleeswijk et al., 2008). In this 
study, the selected impact categories were normalised based on the rate of yearly species 
lost for the Mediterranean basin in the year 2000 as explained by Brooks et al. (2002).  
 
Taking into account the "conceptual and data limitations" existing for the inclusion of 
biodiversity and ecosystems quality into the LCA framework (Toumisto et al., 2012; Curran et 
al., 2011; Schmidt, 2008) the selected impact categories were considered as a good proxy for 
assessing the damage produced by farm activities to the quality of ecosystems, landscapes 
and wildlife habitats. The other impact categories which associate with the human health and 
resources areas of protection (see Goedkoop et al., 2012) were excluded from the study. The 
assumption for this choice was that the Park Authority was more interested in understanding 
how agriculture activities affected biodiversity and ecosystems’ quality at the local level, which 
can provide a more direct link to political goals (Sleeswijk et al., 2008). Land occupation 
(agricultural and urban) impact categories are usually estimated based on the species 
richness ignoring human distortion (de Schryver et al., 2010). Therefore, these impact 
categories are also excluded from the study to avoid overestimated damages.  
 
The Sustainable Value Approach (SVA). 
The SVA methodology assumes that a firm contributes to sustainable development whenever 
it uses its resources more efficiently than other companies, reducing or unchanging the overall 
resource used (Van Passel & Meul, 2012). The methodological steps to calculate the 
sustainable value of a firm are:  
(i)   Define the aims of the analysis and determine the addressed stakeholders;   
(ii)  Determination of the relevant resources with regard to sustainability performance of the 
firms or the economic sector; 
(iii)  Determine the benchmark values. The benchmark determines the costs of the resource 
that a firm (or economic sector) must exceed in order to produce sustainable value;  
(iv) Comparison of the productivity level of a company resource with the corresponding 
benchmark while keeping the overall resource use constant. When the productivity of the 
company exceeds the opportunity cost, the company contributes to a sustainable use of the 
considered resource.    
 
The opportunity cost of a resource form is the cost of the most valuable alternative and can 
be calculated as: 
 
 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜 = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑜𝑜𝑜𝑜𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑣𝑣𝑣𝑣𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚⁄   (1) 
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A firm generates sustainable value by using resources more efficiently than the benchmark. 
Accordingly, the value spread by the companyi. is calculated by subtracting the opportunity 
cost from the efficiency of resource use for the company (2). 
 
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖  = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖⁄  −  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑟𝑟𝑟𝑟𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚⁄    (2) 
 
Therefore, the sustainable value of the companyi is assessed by summing up the value 
contribution for every category of resource (3) that will be estimated by multiplying the value 
spread i for a certain category of resource by the amount of resource used by the companyi. 
 
𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖  =  1

𝑏𝑏𝑏𝑏 ∑ (𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖
𝑠𝑠𝑠𝑠 ∗ 𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖

𝑠𝑠𝑠𝑠)     𝑚𝑚𝑚𝑚 = 𝑏𝑏𝑏𝑏° 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑟𝑟𝑟𝑟𝑚𝑚𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠 [1,𝑚𝑚𝑚𝑚]  𝑠𝑠𝑠𝑠=1    (3) 

 
According to Van Passel et al. (2007), dividing by the number of resources n   allows us to 
correct for the overestimation of value created, avoiding double counting (Figge & Hahn, 2005). 
In order to account for the company size, the Return to Cost Ratio (RTC) for farm i was 
calculated (Van Passel et al., 2009) according to equation 4. 
 
𝑅𝑅𝑅𝑅𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟 𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑖𝑖𝑖𝑖  =  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 (𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖 − 𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖)⁄   (4) 
 
A  RTC above one means that the company is more efficient in resource allocation than the 
benchmark. The most criticised aspect of this method is the definition of the benchmark 
(Mondelaers et al., 2011). This is due to the fact that the method is not able to capture whether 
the overall resource use ensures a sustainable outcome (Figge & Hahn, 2004a); and so the 
benchmark may be defined in such a way that it does not describe a sustainable resource use 
(Ang et al., 2011). Although, the choice of the benchmark strongly affects the explanatory 
power of the analysis (Figge & Hahn, 2005), Van Passel et al. (2007) showed in an application 
on Flemish dairy farms that the ranking of the companies does not differ between several 
types of benchmarks. An interesting alternative approach is the construction of a sustainability 
benchmark using appropriate agro-environmental farm models (Merante et al., 2015). 
Unfortunately, these models were not available for the assessment of agricultural systems in 
the studied area.  
 
For the above mentioned reasons, the average for each resource has been used as a 
benchmark. To test the robustness of the sustainable value calculations, the rank correlation 
(Spearman’s rho) of RTC using different benchmarks is calculated (Table 3). The correlations 
are high and significant. 
 
Table 3.  Correlation between the return-to-cost ratio using different benchmarks 

Return-to-cost Benchmark 1 Benchmark 2 Benchmark 3 

Benchmark 1a 1 0.9428*** 0.6131** 

 
Benchmark 2  

1 0.6440** 

 
Benchmark 3   1 
a Benchmark base using the average for each form of resources 
* significant at 10%   ** significant at 5%   ***significant at 1% 
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The different forms of capital considered were: (i) labour, (ii) farm capital, (iii) used land (ha) 
and (iv) ecosystem quality damage (species lost*yr). For each farm, labour was measured in 
Annual Working Unit (AWU). Farm capital (assets) was calculated as the total capital minus 
the value of land to avoid double counting; while the ecosystems quality damage index was 
calculated by summing the considered environmental impact indicators of the LCA analysis. 
Therefore, in this study the Sustainable Value was expressed as a function of farm capital, 
used land, labour and ecosystems’ quality damage (Equation 5). 
 
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑣𝑣𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖 =  𝑓𝑓𝑓𝑓 (𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖, 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢  𝑖𝑖𝑖𝑖 , 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑙𝑙𝑙𝑙𝑓𝑓𝑓𝑓 𝑖𝑖𝑖𝑖, 𝑠𝑠𝑠𝑠𝑐𝑐𝑐𝑐𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑦𝑦𝑦𝑦𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓 𝑞𝑞𝑞𝑞𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑦𝑦𝑦𝑦 𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖) 
(5) 
 
This highly relevant selection of several resources categories is ignored by previous studies 
(Van Passel et al., 2007; Van Passel et al., 2009). This is especially critical for natural 
resources for which the choice was merely data driven without a sound selection method (see 
Ang et al., 2011; Van Passel et al., 2009; Van Passel et al., 2007). Only Merante et al. (2015) 
and Pacini et al. (2015) used agro-environmental models to outline environmental thresholds 
that can be used as farm sustainability benchmarks. 
 
 
Results  
There is a large within-group variability for the indicators scores between specialized crops 
farms and mixed farms. The ecosystem quality damage scores for the sampled farms range 
between 3.60E-05 and 3.89E-02 species lost*yr as shown in Table 4.  Specialized crop farms 
have less impact on the environment in terms of cumulative ecosystems quality damages, 
accounting for almost the 30% of the total estimated damages to ecosystems (Table 4).  
 
 
Table 4. Characterisation of the environmental impacts of crop and mixed farms 
(species lost*yr-) 
 

    Terrestrial 
acidification 

Freshwater 
eutrophication 

Terrestrial 
ecotoxicity 

Freshwater 
ecotoxicity 

Natural land 
transformation 

  

Ecosystem 
quality 
damage 
index 

Farm 1 CF 1.88E-06 2.84E-07 -3.89E-08 4.43E-08 3.38E-05   3.60E-05 
Farm 2 CF 1.44E-05 3.47E-07 6.17E-06 1.79E-07 6.43E-05   8.54E-05 
Farm 3 CF -6.73E-06 4.72E-07 -1.48E-05 -1.87E-08 1.75E-04   1.54E-04 
Farm 4 CF 4.01E-03 3.99E-05 1.21E-04 5.31E-06 3.42E-03   7.60E-03 
Farm 5 CF 1.80E-04 2.14E-03 1.11E-02 1.38E-03 2.00E-04   1.50E-02 
Farm 6 CF 9.64E-05 2.27E-05 2.75E-05 2.46E-06 3.53E-04   5.02E-04 
Farm 7 CF 1.03E-03 8.34E-06 1.98E-05 1.01E-06 4.82E-04   1.54E-03 
              
Farm 1 MF -6.94E-05 2.82E-03 1.46E-02 1.82E-03 8.38E-05   1.92E-02 
Farm 2 MF 6.62E-06 2.21E-06 1.94E-05 3.76E-07 3.22E-04   3.51E-04 
Farm 3 MF 7.54E-05 7.46E-04 3.86E-03 4.80E-04 7.86E-05   5.24E-03 
Farm 4 MF -3.79E-06 1.32E-08 1.36E-07 -4.28E-08 4.97E-05   4.60E-05 
Farm 5 MF 2.39E-05 7.92E-04 4.09E-03 5.09E-04 5.38E-04   5.95E-03 
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Farm 6 MF -3.93E-05 1.91E-04 9.72E-04 1.23E-04 1.26E-04   1.37E-03 
Farm 7 MF 6.25E-04 5.58E-03 2.89E-02 3.59E-03 1.40E-04   3.89E-02 
SD   0.001 0.002 0.008 0.001 0.001   0.01 
CF = crop farms; MF = mixed farms; SD = standard deviation 

 
Specialised crop farms score better for freshwater use and terrestrial ecotoxicity; while they 
have higher impacts for terrestrial acidification and transformation of natural land. Farm 5 CF 
and Farm 1 MF show significant impacts in terms of terrestrial ecotoxicity which consistently 
affect the overall ecosystem quality damage outcome. These high impacts are due to the 
consistent amount of manure used (Table 2), which consequently determines a high level of 
phosphorous leached into water bodies.  
 
These results can be explained by the higher use of human-made resources for crop farms 
such as gasoil, seeds, fertilisers and pesticides. Usually, mixed farms produce only the forage 
needed for feeding the livestock and use natural pastures for grazing their animals. Therefore, 
they have less cultivated land for crop production, leading to a decreasing number of soil tillage 
operations and a less intensive use of chemicals. Moreover, seed recycling is more widely 
practised in mixed farms generating lower impacts on soil, natural land transformation and 
climate changes. The higher impacts of mixed farms on freshwater (ecotoxicity and 
eutrophication) and terrestrial ecotoxicity are determined by freshwater nitrogen and 
phosphorus leaching as a result of animals grazing and manure management. 
 
The performance of the crop and mixed farms clearly differs (Figure 3). Overall, most of the 
specialised crop farms are sustainable showing a RTC above 1, whereas most of the mixed 
farms are less sustainable showing RTC below 1. However, both farm groups exhibit 
frontrunners with a RTC above 1. 
 

 
Figure 3. Return to cost ratio using the average benchmarks 
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The variables in our data set that may explain the difference in farms’ performance are the 
capital productivity and eco-efficiency (Table 5).  
 
Generally, the most sustainable farms maximise the productivity of capital, labour and land 
while minimising the ecosystem quality damage index. Mixed farms perform well in terms of 
land productivity, while specialised crop farms achieve better results in terms of labour and 
capital productivity and have a lower impact on ecosystem quality. From these calculations of 
the sustainable value, it can be concluded that the focus should be put on the reduction of 
ecosystem quality damage of mixed farms. Further, the higher land productivity of crop farms 
is important to strengthen the sustainability performance of agricultural activities within the 
Park.  
 
Table 5. Average resource productivities and eco-efficiency of crop and mixed farms. 
 

  
Capital 
productivity (€/€) 

Labour productivity 
(M€/AWU) 

Land 
productivity 
(€/ha) 

Eco-efficiency  
(€/species lost 
*yr) 

Crop farms 1.79 1.40 514.09 2.82E+08 
Mixed farms 0.997 0.44 848.90 1.75E+08 

 
Discussions and Conclusions 
In this paper, we explored the possibilities of integrating biophysical and monetary 
sustainability assessment tools through combining the impacts of agriculture activities on 
ecosystems with the concept of natural capital. To achieve this goal we performed a case 
study where Life Cycle Assessment and Sustainable Value Approach were simultaneously 
used to assess the sustainability of agricultural systems within the Park. The methodology 
presented in this study allowed an integrated assessment of the economic and environmental 
dimensions of sustainability, providing decision makers with an overview of the effects of 
agriculture activities on local sustainable development. Moreover, the use of a benchmark to 
measure the overall performance of farms and their relative efficiency can be useful to 
highlight opportunities of improvement both at farm and regional level. The main goal was to 
develop a novel framework for combining biophysical and monetary oriented tools to assess 
sustainability of agricultural systems. However, considering the large variability in farm 
accountancy data and agriculture management practices, a higher number of farms needs to 
be sampled in order to avoid the inference on outcomes of frontrunners and laggards. Further 
research is needed to improve the benchmarks such as the efficiency frontiers which require 
more data availability in order to guarantee the robustness. Although further improvement is 
needed, the new methodology for measuring farm sustainability proved to be promising. 
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Evaluating economic implications of agricultural innovations. A theory based 
impact assessment of biochar as a soil amendment and improved wastewater 
irrigation in West African cities  
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Abstract: This paper proposes a methodology for systematically assessing the economic 
implications of agricultural innovations on different stakeholder groups, exemplified by biochar 
as a soil amendment and improved wastewater irrigation in the West African cities of Tamale 
(Ghana) and Ouagadougou (Burkina Faso). Intensive cultivation of vegetables on small urban 
open-space plots has resulted in declining soil fertility and yields. Insufficient irrigation and 
nutrients have promoted the use of wastewater irrigation amongst urban vegetable farmers, 
exposing urban producers and consumers to health-related risks. Productivity-enhancing 
innovations may simultaneously improve the livelihoods of urban farm households as well as, 
through reduced market prices, increasing the food security of consumers. Additionally, 
improved irrigation technology to reduce pathogen loads on vegetables may enhance food 
safety but increases farmers’ production costs. In order to assess the economic impacts of 
such technology enhancements ex-ante, a household production function for urban vegetable 
farmers that integrates soil fertility indicators is developed, alongside an aggregate supply and 
demand model for urban vegetable markets. This will allow the dynamic estimation of income 
effects on urban farmers due to production changes with resulting price changes at the market 
level. To scrutinise further assumptions pertaining to consumers’ and producers’ perceptions 
of the costs of illness, studies on the opportunity cost of wastewater-related illness and 
willingness to pay for safe, certified food are being conducted. The combination and integration 
of a farm-level assessment of productivity changes, analysis of market-level changes and 
contingent valuation studies on consumers’ preferences allows for a holistic, systematic 
assessment of the sustainability of agricultural innovations from the perspective of various 
stakeholder groups. 
 
Keywords: Agricultural innovations, stakeholders, biochar, contingent valuation, cost-benefit 
analysis, impact assessment, market method, production function, soil fertility, wastewater 
irrigation.    

Introduction  
To meet the global challenge of food and nutrition security for a steadily growing and 
increasingly urban population, sustainable agricultural intensification will be inevitable 
(Tscharntke et al., 2012; Tilman et al., 2011). This particularly applies to Sub-Saharan Africa 
and other developing regions with persistent shortfalls in agricultural productivity and resulting 
poverty (FAO, 2014; Dzanku et al., 2014; The Montpellier Panel, 2013). Agricultural 
innovations play a key role in intensification but must be rigorously assessed for all relevant 
dimensions of sustainability in a particular local context. Apart from the technical feasibility, 
the ecological impacts and the socio-cultural appropriateness, the economic desirability of an 
innovation must be examined before a widespread roll-out can be recommended.   
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With growing urban populations and demand for food, a multitude of livelihood opportunities 
related to agricultural cultivation and trade have emerged. Due to inadequate storage and 
transportation infrastructures in much of the Sub-Saharan region, perishable crops such as 
vegetables are produced in close proximity to urban markets (Cofie et al., 2003). Despite its 
importance for livelihoods and food security, agriculture in West African cities such as Tamale 
and Ouagadougou increasingly come under pressure from urban sprawl and competing land 
use options. The intensive cultivation of vegetables on small, urban, open-space plots has 
resulted in declining soil fertility and yields. This has promoted the use of nutrient-rich but 
unsafe water sources such as wastewater for irrigation of locally produced vegetables, 
exposing urban producers and consumers to health-related risks (Drechsel & Keraita, 2014; 
Wichelns & Drechsel, 2011).   

To enhance soil fertility and reduce the health-related risks of wastewater irrigation, “Urban 
Food Plus” (UFP), an on-going multi-disciplinary African-German research project aimed at 
increasing resource use efficiency in West African urban agriculture (www.urbanfoodplus.org), 
has proposed biochar as a soil amendment and improved wastewater filtration technologies. 
Scientific interest in biochar, i.e. charcoal from various types of biomass such as unused crop 
residues and stems from research on so-called “terra pretas” in the Amazon rainforest 
(Lehmann, 2007). While not having fertilising properties per se, biochar may possibly improve 
soil characteristics. In addition, biochar holds the promise of being an effective carbon sink, 
thus curbing greenhouse gas emissions (Steiner, 2007; Glaser, 2001; Marris, 2006). The 
project also examines the properties of biochar as a medium for wastewater filtration. Apart 
from investigating the effects of biochar addition and improved wastewater irrigation on soil 
fertility and yields, the adoption potential and wider socioeconomic implications of these 
innovations have to be established. Since mid-2013, UFP has been conducting multifactorial 
field trials in the cities of Tamale (Ghana) and Ouagadougou (Burkina Faso), along with crop 
and livestock production surveys, anthropological studies, food flow surveys and on-farm field 
trials. In the second phase (2016-2018), research activities will be replicated in Bamenda 
(Cameroon) and Bamako (Mali).  

While research activities are still ongoing, this contribution proposes an integrated, theory 
based methodology developed in the context of the UFP project to comprehensively and 
systematically evaluate the economic impact of agricultural innovations on different 
stakeholder groups and on urban food security and poverty alleviation through an ex-ante 
evaluation (i.e. before implementation).   

  
Assessing agricultural innovations from the perspective of local stakeholders  
Our research aims at exploring the effects of biochar application and wastewater filtration on 
the livelihoods of urban farmers, and, via effects on food quality, supply and prices, on urban 
food security and food safety. The UFP project is proposing a comprehensive, holistic 
approach towards assessing the sustainability of innovations that integrates the perspectives 
of urban farmers and consumers. Drawing on a variety of data on farm-level production and 
cultivation patterns, soil quality, household structure, income sources, farm households’ costs 
of illness and urban consumers’ willingness to pay (WTP) for safer, certified produce, the 
assessment combines insights from the natural sciences (soil science and agronomy), 
engineering sciences (wastewater engineering) and economics. Other social science 
disciplines such as geography (GIS-based spatial sampling and analysis) and anthropology 
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(long-term ethnography of urban food markets and technology adoption) make further 
important contributions to the empirical investigation.  

While the integration of various analytical perspectives and multiple data sources is innovative, 
the theoretical concepts on which our empirical assessment rests are not new, drawing on 
well known and well-tested approaches developed in welfare economics that are typically 
applied for environmental valuation. These include revealed preference and stated preference 
approaches to cost-benefit analysis (King & Mazzotta, 2000; Carson & Bergstrom, 2003; 
Bockstael & McConnell, 2007; Bergen et al., 2013).   
 
Farm-level assessment  
As potential adopters, urban vegetable producers are the primary stakeholder group affected 
by the agricultural innovations proposed by UFP. Applying a production function for these 
urban farmers, we estimate the role of various input factors in determining agricultural output 
in the specific context of Tamale and Ouagadougou. Based on our theoretical assumption that 
biochar may not just alter the role of traditional production factors (e.g. intermediate inputs and 
labour) but also the quality of land via changes in soil fertility, the production function also 
accounts for landholding size moderated by soil quality parameters.   

Standardised household data from 168 randomly sampled open-space farmers in Tamale and 
237 in Ouagadougou were collected in 2014/2015. Along with the socio-economic data, soil 
samples were taken from each surveyed farm to determine the influence of various soil 
parameters on agricultural output. By integrating knowledge from UFP’s field experiments and 
secondary literature on the interactions between biochar, other inputs, soil parameters and 
yields, (as well as taking into account the costs of technology adoption), the potential net 
welfare effect of using biochar as a soil amendment on agricultural output can be simulated 
ex-ante. Focus group discussions with urban farmers complement the quantitative 
investigation and further explain the empirical observations.  

Market-level assessment  
For the farm-level analysis, we assume constancy of market prices, as long as only few 
farmers adopt and food markets remain unchanged. However, with increasing adoption, 
production quantities of vegetables are expected to increase on the urban market. This will 
have an effect on market prices and hence an impact on the welfare of urban consumers and 
producers. The assessment of welfare changes caused by widespread adoption of the 
proposed innovations focuses on simulating changes in production quantities on urban food 
markets and resulting price effects. Consequences for the food security of urban consumers 
(through more affordable vegetables) and corresponding income effects on urban producers 
(through reduced market prices) are expected. For the empirical analysis, aggregate supply 
and demand models for urban vegetable markets are developed, using time series data of the 
past 30 years on a regional and national level.  

Assessing costs of illness and consumers’ willingness to pay for food safety and food 
certification  
To get an even more comprehensive and realistic picture of the adoption potential of the UFP 
proposed innovations, further empirical studies explore farmers’ costs of illness and urban 
consumers’ willingness to pay for enhanced food safety, as achieved through wastewater 
filtration and food certification. Both analytical perspectives focus on the adoption potential of 
improved wastewater irrigation technologies. A prototype for a small-scale, low-cost 
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wastewater filtration and drip irrigation plant has been developed by the UFP engineers and 
is currently being tested under field conditions in Tamale. The economic viability of such a 
technology depends not just on the initial investment cost but more importantly on farmers’ 
perceptions of longer-term benefits and disadvantages of adoption, i.e. the net balance 
between increased returns and increased production costs.  

As wastewater-using farmers are exposed to particular health risks such as worm infections 
and other gastrointestinal disorders (Drechsel & Keraita, 2014), a study among 300 urban 
farmers in Tamale was conducted to establish illness-related costs and to explore causalities 
between wastewater use and illness incidence. Apart from potentially reduced illness costs, 
farmers could also be motivated to adopt improved wastewater irrigation technologies if they 
can achieve higher prices for their products. We are therefore also establishing urban farmers’ 
willingness to pay (WTP) for safely irrigated and certified vegetables. To establish this WTP, 
a first contingent valuation study was conducted in Tamale among 300 urban consumers. 
Corresponding cost of illness and WTP studies are planned for Ouagadougou.  

Conclusions  
As argued initially, assessing the sustainability of agricultural innovations has to go beyond 
the technological, social or ecological assessment level, i.e. the question of whether an 
innovation “works” and is socially and ecologically acceptable or not. Our assessment 
approach will reveal whether the adoption of the UFP-proposed innovations “makes sense” 
from the perspective of urban farmers and consumers. Farmers will only have reason to adopt 
agricultural innovations if such innovations lead to the desired net productivity enhancements 
and increase their income, be it via a reduction in production costs, reduced opportunity costs 
(e.g. costs of illness) or better prices for their agricultural commodities.  

The results to date clearly confirm the suitability of our theoretical and methodological 
approach. For instance, first regression results demonstrate a strong link between soil quality 
parameters and farmers’ agricultural income. This confirms that an integration of 
socioeconomic and biophysical data is not just possible but highly desirable to assess the 
sustainability of agricultural innovations. However, quite a few analytical steps towards 
integrating data and research findings are still outstanding, as the research tasks of UFP are 
not yet completed. This particularly applies to modelling the interactions between urban 
vegetable production, markets and food security.   

The ex-ante, forward-looking perspective of our investigations, i.e. the simulation of impacts 
of the proposed innovations before widespread adoption, is stressed as particularly useful, as 
it avoids a waste of scarce resources and experimentation with potentially unsustainable 
solutions on the back of poor urban farmers in Sub-Saharan Africa.  
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Abstract: New farming technologies may have definite benefits when studied in isolation, but 
can be disruptive when implemented. This reduces the potential uptake and integration of 
such technologies. A project was developed to provide a framework for understanding impacts 
of new science and technologies on farm system dynamics. Elements of the work will help 
understand the role of risk and variability in decision-making and uptake. A range of land class 
and variability scenarios were tested to set current potentials and understand the effect of 
future technologies on-farm. The objective was to investigate the impact of improved ryegrass 
use to increase pasture productivity on whole farm profitability and inform the design of future 
farming systems. How does the farm system respond to increasing feed availability on part of 
the farm? Three real farming properties in three distinct geo-climatic regions (cool temperate 
(1280 ha), dry temperate (3136 ha) and warm temperate (1159 ha)) were modelled using 
INFORM, an optimisation model developed in-house, that maximises farm EBITDA (Earnings 
before interest, tax, depreciation and amortization) using farm resources.  Information from 
current physical and financial data were used to generate input parameters for the models.  
Three base models that mimicked current farm practices as near as possible were developed 
for baseline comparisons.  Models were then generated to assess the impact of increasing 
pasture production from the current production of 7t DM/ha, to 15t DM/ha on 100, 200, 300 
and 400ha blocks of land within each farm. Increasing pasture production resulted in a linear 
response of EBITDA with increasing area of improved land.  EBITDA increased by $33,000, 
$10,000, and $32,000 for every 100 hectares of improved land up to 400 hectares for the cool 
temperate, dry temperate and warm temperate geo-climatic regions respectively.  Only small 
adjustments were made to the farming enterprises with increasing area of improved land. The 
outcome from investigating this first technology, a linear increase in pasture productivity, 
through the application of new ryegrass genetics, provided a predictable and non-disruptive 
change in the farm system. The types of livestock enterprise were mainly unchanged, 
suggesting that a technology of this type would be relatively simple to implement, provided the 
appropriate management practices to maximise the pasture production were also simple to 
implement. 

 

Keywords: Farm system, geo-climatic, profit, animal enterprise, pasture 

 
Introduction 
New Zealand is dominated by mountainous and hilly landscapes. Mountain land above 1000 
m occupies about 20% of the land surface, while steep, non-arable hill country below 1000 m 
comprises a further 40% (Blaschke et al., 1992). These lower steeplands are known popularly 
in New Zealand as “hill country” and comprise two main areas that support livestock grazing 
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enterprises. These are North Island hill country, which covers 3.5 million ha (28% of farmland 
in New Zealand) (Mackay et al., 1993), and South Island pastoral high country (also known as 
tussock grasslands, run country, rangelands) which comprises about 3.4 million ha (Anon, 
1994).  
 
The development of New Zealand’s hill country for pastoral farming has had a long and 
interesting past (Suckling, 1966; Levy, 1970; White, 1973; Blaschke et al., 1992; White, 1999). 
Significant events include clearance of large tracts of evergreen conifer/broadleaf forests in 
the 19th and 20th centuries, destruction of areas of tall tussock grasslands, enhancement of 
soil fertility through application of lime and fertiliser, particularly superphosphate, subdivision 
to enable improved stock management and control of grazing pressure, and introduction of 
new species or improved cultivars and selections of existing species. The aerial application of 
fertiliser and seed using fixed-wing aircraft, commencing in the 1950s, and later the helicopter 
revolutionised development and management of hill country pastures.  

If subdivision, topdressing and utilisation are advanced to the stage where further gains are 
sought, introducing new germplasm may have potential.  Lambert et al. (1985) described some 
benefits of introducing improved plants to existing hill pastures as enhanced annual or 
seasonal production of forage, higher nutritive value of forage, and more tolerance to factors 
such as drought, grazing, trampling, pests, or low fertility.  They also highlighted the potential 
value of introducing new germplasm to exploit the many different micro-sites present in hill 
pastures, and to allow for situations where the material was not introduced earlier, or was 
introduced but did not persist perhaps because of inappropriate management. 

Pasture production in New Zealand hill country can range widely (McNamara, 1992) and 
produces an average of 5-9 t DM/ha depending on the rainfall (Daly, 1990). However, much 
higher yields of between 15 and 20 t DM/ha can be achieved when intensive grazing 
management is applied in conjunction with nitrogen fertiliser, regardless of low rainfall 
(Lambert et al., 2003; Mills et al., 2006).  

When farmers aim to increase productivity and profitability, changes are often required to the 
farming system. In the first instance current data from operating farms can be used to test 
whether improvements to the feed supply add value to the farm enterprise. Secondly, changes 
in enterprise must be assessed to determine the suitability of the changes to the achievable 
practices. 

Farm systems analysis was used to investigate the potential impacts of increasing pasture 
production through the perpetual use of Italian ryegrass on part of hill country farms on whole 
farm systems configuration, using real farm data from three sheep and beef breeding farms 
(2 North Island and 1 South Island). The data were supplied by Landcorp Farming Ltd, a state-
owned farming company in New Zealand. Whole farm scenarios and variability were 
investigated using a response surface approach to maximise profit by optimising the chosen 
system and then providing investment analyses. 

Briefly, the process used existing real farm data to investigate potential maximum profit by 
optimising the use of current resources to provide a base comparison for potential changes. 
An increase in resource was investigated by adding a specialist ryegrass area to the farm 
(producing 15t DM/ha/yr).  
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Methods 
Farm system analyses were performed using INFORM (Integrated Farm Optimisation and 
Resource allocation Model) (Rendel et al., 2013, 2015), a linear programming model that 
maximises EBITDA (Earnings before interest, tax, depreciation and amortization), by 
optimising resources over a one year timeframe. INFORM is a single year steady state model.  
Initially base scenarios were developed that replicated, as near as possible, the physical 
properties and the animal performance parameters that were achieved in the previous year 
on three Landcorp Farming Ltd properties in three distinct New Zealand geo-climatic regions 
(cool moist temperate (Otago, 1280 ha), warm dry temperate (Gisborne, 3136 ha) and warm 
wet temperate (Northland, 1159 ha) (Figure 1).   
 
 

 

Figure 1. Approximate position of the farms in three geo-climatic zones in New Zealand. 

The three properties were modelled to assess the impact of increased pasture production from 
an intensive pasture renewal programme on profitability and farm enterprise choice. The three 
properties represent a range of climatic conditions (Figure 2) that are experienced around New 
Zealand.   
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Figure 2.  Fortnightly rainfall (mm) and average fortnightly temperature (oC) for Otago 
(a), Gisborne (b) and Northland (c) demonstrate the relative differences between these 
geo-climatic zones.  

 

Baseline farm models 
Three baseline farm scenarios were developed from the physical data provided by Landcorp 
Ltd.  Pasture and animal performance input tables were populated using information extracted 
from these files. Actual expenditure files were used to create animal, per hectare and 
enterprise costs following Thompson et al (2015) (Table 1).  Per animal costs were further 
partitioned into ewe, lamb, cow and growing cattle costs assuming that labour costs are 30% 
greater for sheep than cattle and animal health costs are 50% greater for cattle than sheep on 
a per head basis.  
 
A twelve month fortnightly price schedule was developed for prime beef and lamb based on 
weekly prices sourced from www.interest.co.nz for the 2014 year.  Separate schedules were 
developed for the North and South Island, with adjustments for carcass grade to reflect 
published market pricing. Store animal prices were adjusted to reflect the schedule price as 
per local information.  Recorded animal liveweight gain and reproductive performance were 
used to ensure that INFORM replicated enterprise performance comparable to the current 
farms.    

Otago and Northland properties were of similar size (1280 and 1159 ha respectively) while the 
Gisborne property was considerably larger (3136 ha).  The properties were divided into land 
management units (LMU) based on the pasture productivity of the land resource. Both Otago 
and Gisborne properties consisted of two LMU while the Northland property had four LMUs in 
the base model.  Latitude for each property was estimated at 45.9°S, 38.7°S and 35.1°S for 
Otago, Gisborne and Northland properties respectively (Figure 1). Latitude strongly affects 
seasonal pasture growth patterns in New Zealand. 
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Table 1.  Per animal (includes costs associated with animal health, breeding, shearing, 
salaries, casual wages, ACC levies, electricity and vehicle fuel), per hectare (includes costs 
associated with dogs and horses, weed and pest control, amenity planting and shelter belt 
maintenance, pasture maintenance, urea, lime and fertiliser application, freight, farm stores, 
repairs and maintenance, rates and other costs) and per enterprise (includes costs 
associated with livestock recording, professional services, stationary, office supplies, 
subscriptions, communications and travel) cost for the three farm systems modelled. 

 Otago Gisborne Northland 
Enterprise ($) 15889.63 22937.67 12104.77 
Hectare ($/ha) 164.53 169.00 233.86 
Ewe ($/ewe) 26.79 22.50 37.58 
Lamb ($/lamb) 11.48 7.05 10.10 
Cow ($/cow) 36.34 26.33 32.47 
Finishing cattle 
($/animal) 26.24 26.33 39.67 

Increased pasture production scenarios  
Four scenarios for each baseline farm were created to investigate the effect of increased 
pasture production on a restricted area of the farm, on farm enterprise structure and overall 
EBITDA. This was achieved by creating a new land management unit (LMU) that consisted of 
100, 200, 300, or 400 ha with a pasture production of ~15000kg DM/ha.  This LMU was named 
“Improved ryegrass” to reflect the use of Italian ryegrass as the base forage (Figure 3).  It was 
assumed that Italian ryegrass is a two year crop with an annual cost per hectare of $185.40 
(Table 2) above the standard LMU cost.  Nitrogen fertiliser (N) was also used to boost pasture 
production.  The first 40kg of N used had a response rate of 30:1 with the remaining 30kg of 
N having a response of 24:1.  It was also assumed that best management practice for ryegrass 
grazing would be implemented to maximise growth. The LMU in Italian ryegrass would be 
used on a two year cycle of renewal in perpetuity. Pasture energy content and animal 
performance traits remained the same as in the baseline models.  The Gisborne farm was 
significantly larger than the Otago or Northland farms and so further scenarios of 250, 500, 
750 and 1000 ha were also investigated to test the importance of scale. 
 

Table 2:  Assumed Italian ryegrass establishment costs excluding fertiliser for a two 
year life. This value is then halved to represent an annual cost and assigned directly to 
the LMU as an operational cost for EBITDA calculations. A further analysis of these 
costs was done using an investment analysis to compare the two approaches.   

 Cost ($/ha) 
Grass seed $170.40 
Glyphosate $16.89 
Clopyralid $43.52 
Chemical application $20.00 
Direct drilling $120.00 
Total $370.81 

 

Pasture growth curves were supplied for each LMU (Figure 3) from current information and 
were converted to a fortnightly profile for each property.   
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Figure 3.  Seasonal pasture growth rates (kg DM/ha/d) for individual land management 
units (LMU) of the Otago (a), Gisborne (b) and Northland (c) properties, and average 
pasture quality (MJME/kg DM) for each property (Litherland et al., 2002).  
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Table 3.  Beef animal performance data for the baseline model of each property that 
was used as inputs into the INFORM model.   

Variable Otago  Gisborne Northland 
Pregnancy scan date 5th April 5th April 26th March 
Dry at scanning (%) 8 10 7 
Scanning %1 100 100 93 

Start calving date 07th October 
16th 
October 

12th 
September 

Heifer birth weight (kg) 36 36 27 
Bull birth weight (kg) 40 40 27 
Weaning date 25th April 30th March 21st March 
Weaning %2 84 81 90 
Heifer wean weight (kg) 220 215 216 
Steer wean weight (kg) 250 230 216 
Bull wean weight (kg) 250 230 216 
Cow replacement (%) 40 35 22 
Cow death rate (%) 2 4 5 
Cow cull date 16th May 16th May 31st March 
Rising 1 yr old death rate 
(%) 1 1 3 
Rising 2yr old death rate 
(%) 1 1 2.8 
Heifer carcase yield % 47 47 47 
Steer carcase yield % 44 44 44 
Bull carcase yield % 44 44 44 
Cow carcase yield % 50 50 50 
Maternal breed A A A 
Terminal breed A A A 

1Scanning % of animals pregnant at scanning 
2Based on cows pregnant and present at the start of calving 
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Table 4.  Sheep animal performance data for the baseline model of each property that 
was used as inputs into the INFORM model. 

Variable Otago Gisborne Northland 
Ewe carcase yield % 50 50 50 
Milk fed lambs carcase yield 
% 47 47 47 
Prime lamb carcase yield % 44 44 44 
Ewe cull date 2nd February  22nd February 15th December 
Ewe death rate (%) 9 6 9.6 
Lamb wean weight 27.3 26 24.6 
Prime lamb death rate (%) 2 2 5 
Replacement rate (%) 28 28 22 
Pregnancy diagnosis date 2nd August 30th June 23rd June 
Non-pregnant rate % 2 2 5 
Pregnancy status (%1) 179 177 171 
Start lambing date 8th October 12th September 17th August 
Weaning date 6th January 11th December 14th November 
Lambs weaned (%2) 142 142 135 

1Lambs observed using ultrasound pregnancy diagnosis as a % of pregnant ewes 
2Lambs present at weaning (approximately 100 days of age) as a % of ewes pregnant and 
present at the start of lambing 

Animal growth rates were taken from data supplied and converted into fortnightly periods post 
weaning.  Lamb growth rates were constrained to zero in winter. Growth rates of replacement 
females were also taken from the data supplied. 

An investment analysis was carried out to investigate the impacts of changing stock numbers 
on the value of the returns using the approach outlined by Rendel et al. (2015). A 20 year time 
frame was used.  The capital value of livestock was calculated from the stock reconciliation 
using standard tax values at the time. The net present value of each scenario was calculated. 
The annual cost of the Italian ryegrass improvements were added to the cost of re-establishing 
a permanent pasture ($1,000/ha) at the end of the 20 year cycle and this was compared to 
net increase in present value to calculate the return on investment in the new technology. An 
annuity value was calculated from the net present value and the net increase in annuity 
calculated.  

Results and Discussion 
INFORM is an optimisation model which is important when interpreting the results. As feed 
resources are an input, the model already knows when and how much feed is available for 
each period of the year. It therefore can both alter the type of stock class and optimise the 
number of animals including sale dates (prime and store) that it uses to ensure feed is utilised 
if it leads to a greater economic surplus.   
 
The model also runs within a defined set of parameters pertaining to pasture cover. The 
pasture growth was based on perennial grass/white clover and average pasture covers on any 
LMU were constrained between 1200-2500 kg DM/ha to ensure pasture quality, pasture 
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growth rate and animal intake assumptions were valid (Bircham & Hodgson, 1983; Lambert et 
al., 2004). As such, the model must keep the pasture cover within this range and thus makes 
decisions to achieve this outcome while maximising profit within those constraints.  

The enterprise chosen in any case was the result of optimising the resource use in the most 
profitable way. So we see an interaction between inputs and outputs. Generally we see the 
most profitable outcome was a trade-off between maximising resource use at minimal cost, 
as the influence of pricing options was usually relatively limited in sheep and beef schedules.  
Increasing the availability of pasture maintained the current enterprise structure. Variations in 
pasture quality or seasonal feed supply may alter the enterprise mix. 

Profitability analysis 
Increasing the overall pasture supply to 15000 kg DM/ha on a portion of the farm using a 
combination of Italian ryegrass and nitrogen fertiliser resulted in a steady increase in EBITDA 
(Figure 4) in every geo-climatic zone.   
 
In the Otago region improvement of 100 ha of land increased farm EBITDA by approximately 
$33,000 (~5% on base).  The EBITDA per hectare increased from $484.39 for the base model 
up to $591.53 when 400 ha was improved.  The number of breeding ewes, lambs purchased 
and sold store increased with increasing area of land improved (Figure 4a).  Breeding cows 
featured in the base model but disappeared with improved production of land and was 
reflected in a greater increase in sheep numbers in the first increment of 100 ha developed 
than subsequent sheep number changes.   

For the Gisborne region, farm EBITDA was increased by approximately $21,000 (~1.8% of 
base value) per 100 ha improved (Figure 4b).  The small increase in comparison to the Otago 
property may be due to the comparative size of the properties.  A 100 hectare block of land in 
the Gisborne property represents only 3% of the total land area, whereas for Otago it 
represents approximately 8% of the land area.  Increasing the improved land in Gisborne from 
100 ha to 250 ha increments (representing approximately 8%) resulted in EBITDA increases 
of approximately $56,000 per increment. This increase was 4.9%, and so the Gisborne 
property exhibited a similar increase in profit to Otago when a similar proportion of the farm 
was developed.  Profit per hectare was $365.38, $394.61, and $437.33 for the base, 400 ha 
and 1000 ha models respectively.  Increasing pasture production resulted in increases in the 
number of breeding ewes and cows (Figure 4b).  This trend continued with the 250 ha 
incremental changes up to 1000 hectares.  No dramatic shift in enterprise selection occurred. 

Increasing pasture production on the Northland property increased farm EBITDA (Figure 4c) 
by approximately $32,640 (representing a 14% increase on base EBITDA) for every 100 ha 
improved up to 400 hectares.  One hundred hectares represented around 8% of the total land 
area, similar to the Otago property and hence a similar increase per 100 hectares of 
development.  Per hectare EBITDA increased from $198.01 to $306.37 from the base to the 
400 ha improved land model.  There was a large increase in the number of breeding ewes 
with the increase in the amount of area improved, which translated into more lambs sold prime 
and store (Figure 4c).  Breeding cow and cattle finishing numbers decreased with increasing 
area of improved pasture production.  Average prime lamb selling date did not shift 
significantly from the base model of 8 April.  Cattle were sold at 30-36 months of age in 
December in all models. 
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Figure 4. Profitability (EBITDA) and productivity parameters when improving pasture 
production on 100, 200, 300 and 400 ha of typical hill country farms in the Otago, 
Gisborne and Northland regions. 

Investment analysis 
An investment analysis was carried out on the development of the extra land area into a high 
producing Italian ryegrass (Table 5).  The greatest return on investment of 75% was in the 
Otago region, while the Gisborne region showed a negative return. The return in Northland 
was relatively small.   
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Table 5.  Investment analysis when improving pasture production on 100, 200, 300 and 
400 ha of typical hill country farms in three geo-climatic regions of New Zealand using 
a 20 year investment time frame. 

     
         Area of improved pasture 

  Base  100 ha 200 ha 300 ha 400 ha 
Otago      
Stock Capital Value ($)  $  792,946   $  835,082   $  884,020   $  932,958   $ 982,590  
NPV ($)  $ 7,045,244   $ 7,869,273   $ 8,668,121   $ 9,466,969   $ 10,270,568  
Return on Investment 
%  75% 72% 71% 71% 
Annuity per ha planted 
($)    $         661   $        651   $         648   $         647  
Gisborne      
Stock Capital Value ($)  $ 3,258,760   $ 3,350,967   $ 3,441,652   $ 3,562,910   $ 3,655,117  
NPV ($)  $12,249,007   $12,649,157   $13,050,256   $13,520,183   $ 3,920,333  
Return on Investment 
%  -15% -15% -10% -11% 
Annuity per ha planted 
($)    $         321   $           321   $      340   $         335  
Northland      
Stock Capital Value ($)  $  1,093,052   $ 1,203,409   $ 1,306,854   $  1,415,138   $  1,519,853  
NPV ($)  $ 2,292,471   $ 2,826,281   $  3,363,663   $ 3,895,920   $  4,429,557  
Return on Investment 
%  13% 14% 14% 13% 
Annuity per ha planted 
($)    $         428   $          430   $         429   $          429  

 

While the implementation of technologies and strategies to increase pasture production 
appear to be profitable, an understanding of the environment into which those changes are 
proposed is required.   

The modelling highlights a significant shift towards lamb finishing in the Otago example. While 
this may be profitable, consideration must be given to the availability of lambs for purchase 
before this change in system might be undertaken. The variability of pasture growth due to 
climatic variations in temperature and rainfall must also be accounted for, though a lamb 
trading and finishing operation may be more flexible in the face of these changes if purchasing 
and selling decisions are well managed. 

The buying and selling of store stock is one area that may create slightly aberrant behaviour. 
The on-going cost of finishing cattle seems to drive a majority of calves to be sold at weaning. 
This indicates that there may be significant gains to be made to keep costs of finishing cattle 
to a minimum to ensure profitability. Buying and selling store lambs at weaning in the model 
appears to be driven by the price differential in the model, though in some environments the 
pasture growth profile, associated with a relatively low cost of finishing lambs, drives the model 
to purchase large numbers of lambs. 
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The relatively low returns for the investment in increasing pasture production in the Gisborne 
example is indicative of current farmer practices in this region. Very little pasture renewal is 
undertaken. One critical influence on this approach is the uncertainty of climatic variations 
during the establishment of a new pasture during autumn, leading to variable pasture 
production responses and a propensity for weed ingress as a result. 

In the Northland example the enterprises chosen were dominated by sheep. While the base 
system achieved the performance levels documented, this may not be the case if sheep 
numbers were increased. Animal health problems of facial eczema (a fungal toxin that causes 
liver damage) and internal parasites (Haemonchus contortus) in a relatively warm humid 
environment mean that sheep production can be quickly compromised.  

Increasing the availability of pasture at a cost of $ 184/ha/annum increased cash flow profit in 
every environment, and was proportional to the amount of pasture improved. The average 
cost of this improvement was approximately 3 c/kg DM, while the total return ranged from 5.8 
to 7.1 c/kg DM. This suggests that the break-even price to gain these benefits would be 
between $356 and $435/ha. Often pasture renewal programmes can cost between $800 and 
$1000/ha, requiring the benefits of pasture renewal to last for 3 or more years. The 
implementation of a programme as outlined in this research would require an area of land 
available to meet the requirements of a low cost pasture improvement programme.  
Investment analysis demonstrated that increasing pasture production provided a positive 
annuity, though only provided a positive return on investment in 2 of the 3 environments. 
However, the return on investment per annum varied between environments from -15% to 
+75% when a 20 year time frame was chosen and the changes in capital stock were accounted 
for. 

The influence of variability in the farming environment leads to farming enterprise 
configurations that may not be the optimal fit for the average conditions. These case studies 
provide a useful example of the principles of sub-optimal configuration of complex adaptive 
systems. While profit may be a major driver of farm systems configuration, the final 
configuration of the system becomes sub-optimal to allow for resilience in the face of 
environmental variability. 
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Workshop 2.3:  Well-being in rural areas: how is it affected by different farming 
systems? 
Convenors: Diana Surova, Teresa Pinto-Correia and Isabel Rodrigo 
 

The lifestyle in most rural areas has changed profoundly during the last decades. Global trends 
such as globalisation, increased mobility, and global communication networks have brought 
economic, social, cultural and environmental changes to rural areas. Still, agriculture, even if 
substantially changing, continues to represent the primary land use in rural areas, and it 
continues to have extensive influence on rural social ties, community life functioning, and local 
cultures, landscapes, and environments. With a variety of agricultural systems resulting from 
the current transformations, some fundamental questions are arising related to the well-being 
of rural citizens. Local agriculture undeniably influences not only the well-being of farmers 
but also, to a different extent, residents and temporary visitors, as well as the well-being of the 
community as a whole. In the research literature, the interconnections between local 
agriculture and human well-being remain largely unexplored. What impact has the agricultural 
modernization had on rural well-being? How has the current reconstituted rural population, 
with fewer people engaged in agricultural production, interacted with local agriculture? Are 
there different impacts of local agriculture on various population groups? How do the social 
interactions like people-agriculture, farmers-consumers, and farmers-farmers vary across 
different agricultural systems? Is farmers’ well-being in harmony with the well-being of others? 
Is human well-being in rural areas compatible with environmental well-being? What are the 
priorities of rural residents? These are only a few questions that remain largely unanswered. 
The importance of understanding these interconnections is increasing with the many, often 
rapid, changes currently occurring in agriculture that in several situations can be hardly 
reversed. The concept of well-being has attracted much attention recently due to the challenge 
of redefining progress and moving beyond the gross domestic product as the primary indicator 
of social progress. On the one hand, there is still an ongoing discussion among researchers 
about the definition and the dimensions of well-being. On the other hand well-being was 
already recognised as a broad and dynamic concept going beyond a purely economic issue 
that encompasses various specialties and requires a multidisciplinary dialogue to advance its 
measurement. It is recognised as an essential element in sustainable development; thus, there 
is a growing amount of research focused on developing approaches to assess the 
interconnections between human well-being and the environment. In a rural context, a linkage 
between farming systems and human well-being is a necessary contribution to the current 
research debates. The workshop aim was to open a discussion about the following issues 
interconnecting different farming systems, including their outputs like goods and services, with 
the well-being of rural actors: theoretical and conceptual frameworks, future research 
challenges, approaches, and descriptive and experimental methods. By rural actors, we mean 
primarily farmers, residents, the local community, and other citizens who in certain modes 
interact with rural spaces. Well-being, in this case, can have a variety of meanings: life 
satisfaction, life quality, eudaimonic well-being, household well-being, community well-being, 
society well-being, objective well-being, subjective well-being, and so on. Moreover, different 
well-being dimensions are relevant to the discussion. The scale of the focus was the local one 
when considering agriculture and the community. Nevertheless, the discussion was also 
allowed to evolve naturally to more global perspectives. 
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Economies of scope: context of agriculture, smallholder farmers and 
sustainability 
 
Nayak, Amar K.J.R. 
 
National Bank for Agriculture and Rural Development, Xavier Institute of Management, Xavier 
University, India 
 
Abstract: Tracing the evolution of theory and practice of ‘economies of scale’ during the last 
three centuries of industrial revolution, the paper shows the irony of adopting economies of 
scale time and again only to face greater economic recession, market failures, climate 
changes, food crisis and growing unsustainability of our ecosystem. The article analyses the 
significance of ‘economies of scope’ in the context of: (a) basis of efficiency in agriculture 
versus industry; (b) operational dynamics of scope and scale across sectors in agriculture; 
and (c) organisational design and institutional architecture with the logic of scope. Further, 
through empirical evidence from smallholder farmers and farmer producer organisations from 
across India, the paper highlights that ‘economies of scope’ in agriculture is not only more 
efficient for nutritious food production, wellbeing in farmers and their communities, and local 
climate healing but also for the sustainability of agricultural ecosystems and the overall socio-
economic environment.  Based on the analysis and empirical observations from action 
research during the last eight years, the article explores three areas: (i) the science of 
economies of scope in agriculture; (ii) optimal organisational design in the light of economies 
of scope; and (iii) optimal institutional architecture for a stable relationship between producer 
organisations and markets.  
  
Key Words: Economies of scope, economies of scale, climate healing agriculture, open 
systems, smallholder farmers, organisational design, institutional architecture and 
sustainability 
 
 
Introduction 
In the last three hundred years of industrial revolution, the theory and practice of ‘economies 
of scale’ has snowballed. Scale has been the basis of efficiency and growth in industrial 
production. Accordingly the industrial enterprises and their shareholders in the secondary and 
tertiary economic activities across the globe have grown and prospered. More often than not, 
the governments across geographies have tried to resolve the problems of inefficiency in 
industry and economy through scale and technology. Such has been the quest for scale under 
the aegis of globalisation.   
 
In the context of increasing mainstreaming of the ideas of ‘economies of scale’ in agricultural 
production and its associated features across the value chain in agriculture; this paper 
explores whether this mainstream thought and action lead to sustainability of agriculture, and 
wellbeing of small farmers and retail consumers of agricultural produce. Empirical evidence 
from a transitional economy like India from the domain of agricultural production, the 
enterprises of smallholder farmers and the purchase preferences of retail consumers seems 
to suggest otherwise. 
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In light of the above, this paper analyses the relevance and significance of ‘economies of 
scope’ in the context of agriculture and smallholder farmers from the perspectives of efficiency, 
wellbeing of rural communities and sustainability. The comparative analysis of industry and 
agriculture for respective efficiency will be on three key dimensions:  (a) the basis of efficiency; 
(b) dynamics of scale and scope in industry and agriculture; and (c) organisational design and 
institutional architecture to fit the logic of scope.   
 
In this paper, wellbeing of rural areas refers to the efficiency of smallholder farms, nutritional 
security of farmer families, increase in net income to smallholder farmers, local ecological 
balance and overall sustainability of the local ecosystem including the agricultural system, 
farmer organisation, institutional architecture and environment at a district level.     
 
Economies of scale: evolution of practice & theory 
‘Economies of scope’ has been a powerful idea for achieving operational efficiency across the 
commercial and industrial enterprises. Over the years, the logic of economies of scale has 
also impacted agricultural production globally. The revolution of agriculture probably occurred 
in the Middle East about ten millennia ago and developed independently in other parts of the 
world. People lived in small communities and cultivated for their own consumption. To avert 
the risks of famines and floods, people tried to grow more than required for consumption and 
stored them for potential natural calamities. However, the nature of agriculture remained small, 
ecosystem specific and largely self-sufficient especially in geographies like the Indian sub-
continent in the temperate zone with abundant flora and fauna.  
 
With the development of science and technology came the Industrial Revolution in the 
eighteenth century. This second revolution of mankind has indeed greatly impacted the lives 
of human beings.  It has not only transformed the nature and quality of human life but has also 
transformed the first revolution of agriculture and our ecosystems as a whole. From an open 
production system in agriculture, the industrial revolution adopted the closed production 
system by way of factory production. Factories were owned by the rich and wealthy individuals, 
with operational efficiency becoming the major concern of factory managers as would be 
desired by the owners of these factories. Unlike in an open system, many of the variables of 
production could be controlled in a closed factory production system and hence the efficiency 
of operations improved in such systems.  
 
Since the factors of production could be controlled, there was scope for individual owners and 
their managers to better manage the variables and hence be more efficient. Increase in scale 
of production led to lowering costs and hence was a natural logic for greater efficiency. Greater 
efficiency in production attracted more entrepreneurs to invest in the factory system of large 
scale production. Scale lowers the cost of production (Dobrev & Carrol, 2003) and helps in 
several ways such as: (a) purchase and use of specialised manufacturing equipment; (b) 
savings from operational expansion and quicker pay back of investments in production 
facilities and capacity expansion;  (c) promotes in-depth employee specialisation based on an 
intricate division of labour; 
(d) extracts value from experiential learning and the benefits of high frequency with which the 
same tasks are carried out; and (e) reduces per unit overhead cost. Scale also facilitates the 
gaining of a substantial market share in a competitive market. This helps large scale firms to 
force customers and suppliers to become price takers as well as to review their own strategies 
in light of their dependency on the local firm. Scale also serves as a strong barrier to entry.  
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These obvious advantages of scale in industrial production have caught the imagination of the 
economists from the time of Adam Smith in the 1770s; from the beginning of the industrial 
revolution. While the idea of ‘economies of scale’ has been the mainstay of discussion and 
research among the economists since this time, the idea of ‘economies of scope’ has 
appeared intermittently within the history of economic thoughts. In his book “Wealth of 
Nations”, Adam Smith (1776) discusses the notion of economies of scope in the light of how 
division of labour is limited by the extent of the market for a product or service. He observed 
that a person needs to engage in multiple activities because the product or service that a 
person offers is limited to the nearby smaller market and cannot be sold in far off and larger 
markets. In other words, scope limits growth and for one to extend his product or service to 
far off larger markets, he has to specialise in a particular product or service. In the context of 
industrial culture and production economics, Adam Smith and the other leading economists 
were indeed right and, rightly so, they buried the idea of economies of scope.  
 
As the industrial enterprises grew with the growth in industrial production and trade, several 
social, cultural and environmental issues emerged. Marx (1927) described the problems of 
value appropriate to labour by the owners of the enterprise and the alienation of man from his 
life and culture due to over mechanisation and industrialisation. Joseph Schumpeter (1942), 
on the other hand argued that capitalistic model of production led to creative destruction and 
loss of value for the society; which may therefore ultimately collapse from its own internal 
contradiction and weight. However, the idea of economies of scale as propounded by Smith 
and others, along with the industrialists who had a great appetite for growth, kept the idea of 
scale to grow. That the division of labour is limited to the extent of the market, as proposed by 
Smith, was reiterated by Stigler (1951).   
 
With markets becoming more competitive for industrial products during the first 200 years of 
the industrial revolution, the idea of economies of scope re-emerged in the1970s. Panzar and 
Willig (1977) brought it back to the discourse of economic thinking by arguing for economies 
of scope in multi-output production. David Teece (1980) extended this idea by his empirical 
observations of scope for diversification to multi-output from single input, especially in the 
petroleum industry in the USA. Economies of scope in business and product diversification 
were seen as ways to open new avenues of growth in highly competitive industries and 
markets. The ideas of scale and scope were however applied essentially to industrial 
production systems, at secondary level production.         
 
To the broader arguments of Marx on capitalism, North (1984) argued instead that the core 
problems of both capitalism and communism lay in specialisation and division of labour. 
Further, explaining the limitations of transaction cost analysis, North(1984) argued that the 
economies of scale built on the basis of specialisation and division of labour, that was 
supposed to reduce the transaction costs, neglected to recognise the significant increase 
(nearly 50%) in indirect transaction costs.   
 
Despite the observations on the limitations of industrialisation and mass scale production, the 
clear benefit of greater efficiency of production through scale led to the formation of large 
enterprises. In the United States of America, firms followed a three pronged investment 
strategy (to invest in production, the managerial pool, and distribution) to grow ahead of the 
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European firms (Chandler, 1990). Europe and Japan soon caught on to this strategy for 
growth.  
 
With a larger scale of production, supply often overtook demand. This would occur because 
scale based production is a step function due to indivisibility of production technologies. With 
greater competition, the local markets in these industrial economies saturated gradually and 
hence the surplus production had to be exported out to other markets. Hence, the logical step 
to scale was expansion of markets through geographic expansion; which led to the 
globalisation of business. From the 1880s international trade and business grew uninterrupted 
till around the 1920s. War & economic recession in the 1920s favoured state intervention in 
the economy. Keynes (1936) argued for a welfare state through his book “General Theory of 
Employment, Interest and Money”. These arguments supported the government investment 
in large scale state owned enterprises between the 1930s and 1970s.   
 
Despite the argument for smaller production and implementation of the New Economic Policy 
under Lenin in the USSR by Kondratiev (1921), Stalin followed large scale production through 
the large state run enterprises. Many of the European countries including the United Kingdom, 
Germany and France also promoted several large state owned enterprises in the 19th century. 
Following the global trend, countries like China and India promoted large scale state owned 
enterprises after they became independent in the 1950s.  
 
To facilitate global trade and business arising out of the surplus production and recession in 
the western industrial economies during the inter-war period (1919-1939) the Bretton Woods 
Conference (July, 1944) chaired by Keynes proposed the formation of international agencies: 
the World Bank; International Monetary Fund (IMF); and International Trade Organisation. The 
basis for these global institutions fitted the idea of managing scale through global expansion 
of markets. While the World Bank and International Monetary Fund were approved by the 44 
Allied Nations that attended the conference, the International Trade Organisation was 
approved only as a milder version as the General Agreement on Tariffs and Trade (GATT).  
 
However, expansion of markets in the developing countries by the large enterprises from the 
western countries was stalled during 1950-1970 by the protective mechanisms imposed by 
countries like India and China (the former colonies of the western countries) which became 
independent after the Second World War (Jones, 1996; Nayak 2008). As a result, the large 
enterprises from the western countries could not offload their surplus production in developing 
countries, resulting in greater competition within and among the industrial economies. Moving 
on from scale, the source of competitive advantage became technological innovations. As a 
result of market saturation and very high competition based on technological innovations, 
many of the large enterprises, especially the state owned enterprises, became unviable. This 
led to the beginning of privatisation of state owned enterprises in the western countries.      
 
Despite international political manoeuvering for global expansion of markets, the industrial 
economies could not balance their production capacity with the expanded global markets. 
Observing the problems of scale in industrial production (its negative impacts across the 
countries), a wave of thought emerged in the1970s. Schumacher (1973) argued for 
appropriate technology that could be small and hence sustainable. Scholars working on 
multinational corporations that operated on scale and the trends of global trade and 
investments had also begun to perceive the dangers of the large corporations.  Vernon (1971, 
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1977) argued that the large corporation through their scale of operations could undermine the 
sovereignty of other small countries and societies.  
 
However, as global trade and business picked up in the 1970s (Jones, 1996; Nayak, 2008), 
the industry magnates, policy makers and international agents of trade and commerce pushed 
forward the idea of large scale operations. The excitement of growth and prosperity through 
large scale production, although only for a few in the industrial economy, was blissfully ignored 
by the scholars and academia in terms of any deeper analysis. In addition, by the 1990s, with 
the maturing of practices and theories of private property rights, commercialization, the control 
of innovations in product and process technologies, and the coercive opening up of global 
markets, the market competition intensified globally. To cope up with the intense competition 
a wave of strategic mergers and acquisitions in the USA and Europe began in 1998. 
Accordingly, countries across the world had begun to relax the clause to restrict monopolies 
in order to protect the private corporations of their respective countries, as it otherwise 
threatened the business and employment of key stakeholders of their respective national 
polity.  
 
The scholarship in management science since the 1990s had more observations and 
ammunition to argue for specialisation at the firm level to be competitive in global markets. 
Prahalad and Hamel (1990) argued for focusing on core competence and Porter (1991) 
argued for strategically managing the external forces to keep the barometer of profits of the 
business entities. True to their allegiance to the idea of corporate growth and private wealth 
creation, the management scholars took great pride in spreading these ideas of economies of 
scale in the classrooms of business schools where the future managers of corporations were 
to be found.  Chandler (1990) observed that enterprises across America, Britain and Germany 
had pursued scale to expand their business. Multinational enterprises, that were perceived to 
be the engines of growth (Jones, 1996) by some business historians, were being deemed as 
leviathans of the global society by another set of business historians (Chandler & Mazlish, 
1995). The explosive growth of Indian multinational enterprises during 1991-2010, in the post 
liberalisation, privatisation and globalisation period, has largely been an outcome of the 
manoeuvering capacity of the owners of large enterprises over the various political, industry, 
social and knowledge networks (Nayak, 2011).   
 
Finally, in 1995, fifty years after its inception, GATT finally became the World Trade 
Organisation with a remit to regulate international trade and business. The World Bank, IMF, 
and WTO systematically argued for liberalisation, privatisation and globalisation in the 
developing countries and even in the erstwhile USSR. Since the 1990s, there has been a great 
momentum in the expansion of global trade and business. Subsequent intensive global 
competition has led to large scale mergers and acquisitions across industries and across the 
globe, furthering the idea of economies of scale.   
 
During these three centuries, industrial economies have faced several business cycles, 
economic slowdowns and recessions, battles over currencies, economic war, political war and 
alarming climate changes. Ironically, there is an attempt to resolve the problems of one 
business cycle by applying more of the ideas of economies of scale. It appears that economies 
and industries are locked into scale and specialisation for survival. Whether the outcomes of 
the policies based on scale and specialisation led to the global economy moving from bad to 
worse over these business cycles is yet to be analysed and recognised. The summary of the 
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evolution and spread of the idea of economies of scale, with some brief interjections by the 
ideas of economies of scope, to the mainstream discourse of economics during the last three 
centuries is shown in Figure 1.  
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Basis of efficiency in agriculture versus industry 
It is increasingly being pointed out that sustainability of agriculture will depend on the 
systematic and scientific management of soil, seed, moisture, diversity in farms and local 
ecology.  More than the external industrial inputs of fertilisers, chemicals and pesticides, 
healthy soil management is considered to be the key to high yield and sustainable production 
(Howard, 1943, 2013). Soil health is linked to the overall management of other dimensions of 
moisture management, seed, cropping pattern, and integration of agriculture with livestock 
and forestry. All these improve the micro ecosystem that enhances the condition for better 
plant protection and better agriculture (Collette et al., 2011; Rupela, 2011).  

Scientific experiments in the recent years in India also prove the above points (Gopalakrishnan 
et al., 2012; Pannerselvam, 2013). A large number of research studies across India also lead 
to the same conclusion that productivity and efficiency in agriculture lies in sustainable 
agriculture practices (Shiva, 1993; Alvares, 2009; Nayak, 2012; CRIDA 2012; Nayak, 2014).  

International research and studies across the world by different agencies are also building up 
the argument that agriculture has to adopt sustainable methods by following the basic 
principles of bringing back life to the soil through integrated agroecological, agricultural 
practices (IAASTD 2009; Third World Network, 2012; UNCTAD 2013). Several research 
reports from across the world indeed argue for small scale diversified and integrated methods 
of agriculture. These studies essentially suggest that it would be logically flawed if ‘economies 
of scale’ were applied in agricultural ecosystems unlike the logic of scale in industrial 
production.  

The core contextual difference between agriculture and industry is in the nature of the 
production system. On the one hand, high bio-diversity in the life systems, deep 
interconnections and high levels of interdependence characterise the open system of 
agricultural production. On the other hand single product specialization and sequential, linear 
and uni-directional relationships are the characteristics of a closed industrial production 
system.  

Contrary to the basis of efficiency in a closed system, the basis of efficiency in an open system 
is the high degree of interdependence and cooperation. The high frequency of interactions 
and high degree of relationships among the various actors and actants are the sources of 
efficiency in production. The network of relationships is often dense and complex in nature. 
Bio-diversity is the essence of life in such networks. In other words, economies of scope seem 
to provide a coherent logic of agricultural ecosystems and the basis of efficiency and 
sustainability in agriculture.  

Characteristics of owners in agriculture versus industry  
It is also important to understand the characteristics of the owners of production in agriculture 
and industry. On the one hand, over 80% of the owners of production in agriculture are the 
smallholder farmers. Their resource base in terms of assets, capital, technology, information, 
modern equipment and associated skills is rather weak. Their capabilities lie more in 
indigenous knowledge and techniques of production and most of their resources are in the 
form of common resources. On the other hand, the owners of industrial production have 
comparatively greater asset, capital and technology bases that are governed by private 
property rights. Given the different levels of factors of productions and the principles that 
govern them, the mechanism to achieve efficiency could be quite different for these two 
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diverse groups of producers.  Further, while the purpose of an investor/owner in an industrial 
production system is to rotate capital to generate greater return on capital invested, over 80% 
of the owners involved in agriculture are into subsistence agriculture with a purpose of 
ensuring food and nutritional security for their families.  
 
Operational dynamics of scale and scope across sectors in agriculture 
In the first stage of evolution of an economy (e.g. agriculture) the primary sector is typically 
the main driver. In the second stage of evolution the secondary or manufacturing sector, 
including the value adding activities of agricultural produce, drives the economy. As the 
economy matures the tertiary or service sector, which includes retailing of food products, 
drives the economy.  
 
As the value chain of primary, secondary and tertiary economic activities of agriculture evolves 
and matures, the point of gravity moves from the community of farmers to the secondary level 
processing factory. For some period of time, the processing factory becomes the centre of 
gravity in the value chain that balances both the farming community and the retail 
outlets/chains (intermediate market place). As the retail outlet/chain grows larger, develops a 
good hold over the final consumers, and grows in its size of business, it becomes the centre 
of control for the other actors of the value chain. The direction of control over time gradually 
shifts from the farmer to the marketer and finally the direction of control of what is to be 
produced and at what price is reversed.   
 
As the focus of control shifts to the manufacturer / food processor, who is preoccupied with 
the efficiency of the capital employed in the factory, the processor will naturally adopt 
economies of scale.  In return the manufacturer / factory processing unit will promote 
production of a single crop (say baby corn) that his factory specialises in processing and 
packaging. In the subsequent stage the tertiary economic agent, the owner of a large retail 
chain or a large exporter of processed food, may emerge to be the centre of gravity or the 
point of control in the value chain. The primary concern of this tertiary actor, efficiency of capital 
employed for marketing, will be best with economies of scale.  
 
Accordingly, the demand and price mechanism for the single product (say baby corn) at both 
the secondary level and tertiary level of this value chain tends to alter the cropping pattern of 
the farming community and make them largely a baby corn producing community. Figure 2 
represents the different stages of an economy and the associated centre of gravity and how 
the direction of control shifts; transforming the cropping pattern at the farmers’ level and 
reduction in choice of products at the final consumer level.   
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Figure 2. Direction and Point of Control at different stages of evolution of a Value Chain 
 

The scale of operation of an individual enterprise in the value chain appears to determine the 
power of control. Among the three actors in the value chain, the capacity to engage in large 
scale operations is available to either the owner of the food processing unit or the owner of 
the large retail chain/processed food exporter. Given the limited resource base, it is unlikely 
that the smallholder farmers become the centre of gravity in the evolved value chain under the 
industrial product-market economy. Hence the smallholder farmer is bound by the demands 
of the secondary and tertiary sectors that are driven by the logic of mono-cropping or 
economies of scale.  The tensions across these three sectors arise out of multiple 
perspectives: moral; technical; and systems. Table 1 provides the details of the three 
perspectives under different stages of economic activity.  
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Table 1.  Moral, technical & systems’ perspective at different levels of economic activity 
 
Perspective Primary Economic 

Activity 
Secondary      

Economic Activity 
Tertiary Economic 

Activity 
Moral 
Perspective: 
 
Primary 
Stakeholders 

Smallholder 
farmers. 
Rural youth. 
Rural resource 
poor. 

Industrialists.  
Investors in 
manufacturing. 
Technical 
professionals. 

Banks & financiers. 
Large wholesalers. 
Distributors & retail 
chains. 
MBAs/professionals. 
Neo classical 
economists. 

Technical 
Perspective: 
 
Efficiency 
Criterion 

Economies of 
Scope 

 
(Nutritional 
Efficiency) 

Economies of 
Scale 

 
    (Production          
efficiency) 

Economies of Scale  
 

 
(Operational 
Efficiency) 

 
Systems’ 
Perspective: 
 
Institutional 
Architecture & 
their relationship 

Interconnections. 
Interdependence. 
Higher frequency 
of interactions.  
Bio-diverse and 
networked 
relationship. 
Greater depth of 
relationships that 
not only facilitate 
efficiency but 
sustainability. 

Relationships 
are more linear 
as in a chain. 
Relationships 
are contractual 
in nature. 
Institutional 
architecture is a 
top-down 
design. 
Chain, 
contractual, 
arms’ length 
relationship is 
preoccupied 
with achieving 
efficiency. 

Relationships are 
more linear in 
design. 
Relationships are 
contractual with 
institutional buyers 
and need to be 
contractual as well 
as personal with 
retail buyers. 
Institutional 
architecture is a top-
down design. 

 
Organisational design & institutional architecture with logic of scope  
Depending on the logic of efficiency adopted, whether scope or scale, the associated 
organisation design variables - size, technology, ownership and management - would vary. 
The deep seated logic, language and values will be different for each of these paradigms 
(Nayak, 2014). The institutional architecture could vary from being top-down under scale 
economies to bottom-up under scope economies. Further, under scope economies, there 
would be optimal lower and upper limits to the institutional architecture unlike the borderless 
view under scale economies.    Empirical observations however suggest the policies and 
practices on the ground do not seem to observe these differences. The performance of 
farmers and farmer producer organisations that do not distinguish these differences also show 
varying performance. Like in industrial production, the institutional architecture for agriculture 
is top-down. Policies and programmes flow down from the central and state governments to 
the farmers. These programmes are also controlled from the top making the local institutions 
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very weak. There is very little research on whether there exists an optimal lower limit and 
upper limit for institutional architecture for agricultural systems to be sustainable.  
 
Observations and empirical evidence across India 

Performance of smallholder farmers adopting scale versus scope  
India has had a rich bio-diversity and highly productive low cost integrated agriculture systems, 
as applicable to local soil and agro climatic conditions and over many millennia of agriculture 
in India. However, over the last two hundred years, the low cost producer oriented agriculture 
has been converted to the high cost market oriented plantation and mono crop system 
(conventional – green revolution). The usage of industrially produced fertilisers, chemicals and 
pesticides has gradually transformed the characteristics of agriculture during the past 5 
decades across India.  
 
Smallholder farmers adopting precision agriculture adopting mono-cultures with large external 
industrial inputs are becoming unviable across India. Farmers in Punjab, where external input 
intensive agriculture was undertaken through a green revolution about 40 years ago, today 
have an average debt of about 42,000 INR as compared to the national average of 20,000 
INR. In one of the so called ‘agriculturally better off’ districts (Balasore) in Odisha, 30% of over 
4000 farmers are making losses across the six major crops from cereals, pulses, and oil seeds 
and nearly 50% of the farmers are financially unviable in their farm production practices 
(Nayak, 2013).  
 
The realisation of the negative impacts of industrial inputs in agriculture, pesticide residues in 
food, (especially with respect to small holder producer communities), has led to a resurgence 
of various low cost smallholder farmer and consumer friendly alternatives, replacing the high 
risk and cost (including environmental and human) of external input based agriculture.  Some 
of the major variants of sustainable practices and concepts have been agro ecology, 
sustainable food systems, ecological agriculture, sustainable agriculture, integrated 
agriculture, low external input sustainable agriculture, organic farming, natural farming, 
natueco farming, bio-dynamic farming, permaculture, zero budget farming, indigenous micro-
organism based farming, effective micro-organism based farming, etc. Farmers adopting any 
of the above sustainable practices using the principle of economies of scope in agriculture that 
is multiple cropping patterns and integrated agriculture are found across India to be much 
more productive (Nayak, 2014).  
 
Performance of farmer producer organisations adopting scale versus scope    
Empirical evidence on the performances of different forms of farmer producer organisations 
across India show that most of these are unviable. Interestingly, most of these organisations 
including the better known dairy cooperatives in India, are either designed or have the intent 
to be modelled around the designs of an industrial organisation; that is on the principles of 
economies of scale (Nayak, 2014).  In summary, the performance of the producer 
organisations on different sustainable performance indicators: (a) social capital formation; (b) 
financial capital formation; (c) capability enhancement of the producers; (d) external networks 
with markets and financial institutions; and (e) engagement of producer organisation with 
diverse needs of the community, have been low.  
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Among the dairy cooperatives based on single input of milk, a sector that has received much 
technical and financial support during approximately the last 40 years, the above performance 
indicators have begun to decline. For instance, the average income for dairy farmers across 
different dairy cooperatives is around Rs. 2500 per month. The trends from AMUL, the largest 
and most well known dairy cooperative, are indeed revealing. Empirical evidence on dairy 
based farmers suggest that a farmer family can be viable with five or more milking cattle. 
However, currently about 73% of 3.2 million farmer members of AMUL have less than five 
cattle. Despite, 85% of every rupee earned by GCMMF (marketing wing of AMUL) being given 
back to the members, the average net income earned by the members is only INR 3405 per 
month.  
 
On the contrary, the performance of a few farmer producer organisations that have stayed 
small but operated on multiple scope have provided more value to the farmer members. 
AMALSAD, a primary agricultural cooperative society in Gujurat is one such example. The 
membership of this cooperative has been around 3000 from a cluster of 17 villages. Its annual 
turnover is about INR 420 million. Since its beginning (1941) its engagement has been 
determined by the needs of its members; whether they be micro-credit, retail supplies, farm 
inputs, marketing of surplus produce of different crops, etc. Today, it also runs a hospital and 
petrol pump to meet the needs of its community. The average monthly income of its members 
is around INR 12,000 per month and the net income will be over INR 7000 per month.  Action 
research on establishing sustainable community enterprise systems through the experiment 
of Nava Jyoti PC (www.navajyoti.org) shows that there can be significant performance 
improvements on all the sustainable indicators by following the sustainable design principles.  
 
Summary and Future Research  
The discussion on the ideas of scope and scale, the key pillars of two major revolutions of 
human history i.e. agriculture and the industrial revolution, is indeed a discussion of the 
ongoing battle between these two revolutions which is unnecessary, uncreative and 
disastrous. The idea of economies of scope and its science with regard to agricultural 
ecosystems has not been sufficiently explored by scholarship and hence the policy on 
agriculture across the world has gone against nature and poses serious challenges to our 
sustainability.   
 
The science of interconnectedness and interdependence of sunlight, moisture, air, soil, 
plant/crop bio-diversity, micro-organisms, livestock and seeds seems to hold the key to 
efficient, sustainable production at the primary food production level and overall wellbeing of 
agricultural communities. In other words, ‘economies of scope’ and ‘systems thinking’ rather 
than ‘economies of scale’ and ‘linear thinking’ better explain the dynamics of production in 
nature.  
 
Empirical evidence on performance of integrated agricultural practices at the farmer level and 
the performance of farmer producer organisations in terms of total benefit to the small 
producers across India strongly supports the logic of economies of scope for greater 
efficiency, overall sustainability of agro-ecological systems and wellbeing of rural agricultural 
communities.   
 
In the above context; firstly, serious research and scholarship on the science of economies of 
scope in agro-ecological systems is now required to sensibly guide the policy on agriculture 
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across the world before we further undermine and destroy our food production and ecosystem; 
and secondly, there is a huge research need and opportunity to determine optimal farmer 
organisational design on specific design variables  i.e. size, technology, governance and 
ownership with reference to scope; and thirdly, research on optimal institutional architecture 
to ensure stable relationships among these farmer producer organisations is rather crucial to 
ensure sustainable global food production and supply system.                 
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Resource endowment and the greater good: balancing labour between family 
and individual fields on Beninese farms  
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Abstract: In Sub-Saharan Africa, most farms are family farms. In these family farms the 
workforce may include a husband, his wife or wives, his children, his brothers, and in-laws if 
brothers or sons are married. The literature provides evidence that 2 types of fields can coexist 
within family farms: family fields and individual fields, resulting in complex farm management 
systems. The objective of this study was to investigate the diversity in management systems 
and their interaction with the production system, as the first step towards suggestions for 
improving farmer livelihoods. A functional farm typology was developed for two case-study 
villages in Benin; Zonmon in the southern part and Pelebina in the north-western part. 
Differences between farm types were related to the amount of resources and to resource 
allocation between family fields and individual fields, as well as between major landscape units 
i.e. uplands and wetlands. In both villages, individual fields emerged mostly in better-endowed 
farms. Granting individual fields may be a reward that only better-endowed farms can afford 
and a strategy to enhance commitment to family fields. The emergence of individual fields 
may also reflect differences between the objectives of the farm head and the objectives of the 
family’s individuals. Differences in objectives are more likely to appear in better-endowed 
farms for which opportunities are diverse. Tipping of the balance from family fields to individual 
fields was more visible in Zonmon, where family fields on better-endowed farms were either 
small compared to large female-run individual fields or remained large but were served by 
hired labour. 
 

Keywords: Farm typology, Sub-Saharan family farms, resource endowment, resource-
allocation strategies, gender-based labour 

 

Introduction 
In Sub-Saharan Africa, most farms are family farms. In these family farms, the workforce may 
include a husband, his wife or wives, his children, his brothers, and in-laws if brothers or sons 
are married. The literature provides evidence that 2 types of fields can coexist within family 
farms: family fields and individual fields (Guirkinger et al., 2015; Kanzianga & Wahhaj, 2013). 
In family fields, the whole family works as a team and the farm head decides on crops, 
management sequences and profit distribution among the family farm members. Individual 
fields are granted by the farm head to a family member for individual use and profit. The 
interactions between the farm management system and the production system add complexity, 
as does the presence of different landscape units. In wetland agricultural systems, family fields 
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and individual fields may be located in uplands or in wetlands or both. They can either be 
dedicated to food production or to cash production. 

In this study we address resource division between men, women, boys and girls as one of the 
factors defining farm resource use strategies. Understanding the diversity in strategies is 
expected to help generating and identifying meaningful field and farm level options to improve 
farmer livelihoods (Tittonell et al., 2005; Cortez-Arriola et al., 2015). Targeting such 
interventions, however, has thus far not considered resource division among members of 
family farms. 

The objective of this study was to investigate the diversity in management systems and their 
interaction with production systems, as the first step towards suggestions for improving farmer 
livelihoods and well-being. We assumed well-being was related to freedom of initiative (the 
right of using resources to pursue an objective) and to profit distribution among family 
members. We distinguished family well-being from individual well-being. 

Material and methods 

Case study villages 
We selected two case-study villages in Benin; Zonmon in the southern part and Pelebina in 
the north-western part. The choice of the villages was subsequent to a rapid regional 
assessment from south to north in Benin. It was driven by contrasting agro-ecological and 
socio-economic conditions. 

In Zonmon, the rainfall distribution is bimodal. The average yearly rainfall varies from 1100 to 
1200 mm. The village territory includes a lowland with mixed flooding regime and 3 permanent 
streams. The main ethnic groups are Mahi and transhumant Fula. The major food crop is 
maize and the major cash crops are groundnut and rice. 

In Pelebina, the rainfall distribution is unimodal. The average yearly rainfall reaches 1300 mm. 
The village territory includes 21 lowlands of which 7 allow for irrigating market gardening 
during the dry season. The main ethnic groups are Yom and sedentary Fula. The major food 
crop is noudosse yam and the major cash crop is cotton. 

Farm survey 
The number of farms in each village was determined by drawing social maps with help from 
local authorities. A random sample of 51 out of 134 (38%) farms from Zonmon and 50 out of 
146 (34%) farms from Pelebina were surveyed. 

Semi-structured interviews with farm heads were used to gather information on the family 
structure and labour availability as well as to identify the management units on farms and 
locate sets of fields associated to each management unit. In the end, a total of 100 farmers 
(51 farm heads and 49 individuals) in Zonmon and 143 farmers (50 farm heads and 93 
individuals) in Pelebina were interviewed. Each management unit (the farm head management 
unit or individual management units) were interviewed on three occasions in Zonmon: once 
during the long rainy season of 2012, once during the short rainy season of 2012 and once 
during the dry season of 2013; and on two occasions in Pelebina: once during the rainy season 
of 2012 and once during the dry season of 2012-2013. 
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The different fields of each farm were mapped using a GPS. Information collected on a field-
by-field basis included: land use, production orientation i.e. food production or cash production, 
cash spent on chemical inputs in the local currency (FCFA), cash spent on hiring workforce in 
the local currency (FCFA) and major landscape unit i.e. uplands or wetlands. Fields suitable 
for dry-season rice or dry-season market gardening were classified as belonging to wetlands. 
These fields could therefore be located in inland valley bottoms, inland valley fringes or nearby 
streams (in Zonmon only). 

Farm income was not estimated because it requires collecting a large amount of accurate 
quantitative data. Farm ranking in relation to their resource endowment will refer to some of 
its drivers (e.g. land and labour assets) and consequences (e.g. cash available to purchase 
chemical inputs and to hire labour). 

Farm typology 
A functional farm typology was developed for each village. Types were identified by combining 
PCA and Ward’s minimum variance clustering. Data were normalised and standardised. We 
started with 43 candidate variables in Zonmon and 48 candidate variables in Pelebina (Table 
1). A first PCA was performed to select a subset of variables based on their quality of 
representation in a two-dimensional space and simplify the overall analysis. Variables for 
which the sum of the squared loadings on the two first principal components was larger than 
0.5 were included in a second PCA. Patterns revealed by the second PCA could be interpreted 
in a two-dimensional space. PC1 and PC2 together explained 67% of the original variance in 
Zonmon and 63% of the original variance in Pelebina. Farm scores on PC1 and PC2 were 
finally used in the hierarchical cluster analysis. The choice of the number of types was driven 
by a jump in dissimilarity and our interpretability of types. Supplementary variables were used 
for detailed characterisation of each farm type. Given the skewness of the data, the non-
parametric Kruskal Wallis test was used to test for differences among farm types. When 
significant differences were found, Dunn tests were performed using Bonferroni as p-value 
adjustment method and a probability of <0.05. 

Results 

Functional farm typologies 
Differences among farm types were related to the amount of resources and to resource-
allocation between family fields and individual fields, as well as between major landscape units 
i.e. uplands and wetlands. We identified 3 farm types in Zonmon (Figure 1). Type 1 farms were 
small households with both a small number of family members working in the farm and a small 
number of family members supported by the farm. Family members worked together in all 
fields under the farm head’s supervision i.e. there was only one management unit in the farm. 
Type 3 farms were large households with both a large number of family members working in 
the farm and a large number of family members supported by the farm. In Type 3 farms, 1 to 
3 individual management units were found. Female individuals tended large upland fields and 
hired external workforce. Women also handled wetland fields but all in all farm activities were 
focused on uplands. In Type 3 farms, female individuals contributed substantially to food 
production as well as to cash production. Type 2 farms were similar in size to Type 3 farms. 
The farm head managed large rice fields in wetlands with high levels of chemical inputs and 
external labour inputs. Food production was mostly ensured by the farm head. In these farms, 
1 to 2 individual management units were encountered, managed by females. Located in 
uplands and/or in wetlands, the fields were mainly used for cash crops.  
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Table 1. Candidate variables to be included in the PCA 

Zonmon (43 variables) Pelebina (48 variables) 

Age of the farm head; number of family workers; 
number of dependants 

Age of the farm head; number of family workers; 
number of dependants 

Number of management units Number of management units 

Area owned in uplands (ha); area owned in 
wetlands (ha); livestock (TLU) 

Area owned in uplands (ha); area owned in 
wetlands (ha); livestock (TLU) 

Area borrowed in uplands (ha); area borrowed 
in wetlands (ha) 

Area borrowed in uplands (ha); area borrowed 
in wetlands (ha) 

Family fields in uplands (ha); individual fields in 
uplands (ha); family fields in wetlands (ha); 
individual fields in wetlands (ha) 

Family fields in uplands (ha); individual fields in 
uplands (ha); family fields in wetlands (ha); 
individual fields in wetlands (ha) 

Food crops in family fields in uplands (ha); food 
crops in individual fields in uplands (ha); food 
crops in family fields in wetlands (ha); food 
crops in individual fields in wetlands (ha); cash 
crops in family fields in uplands (ha); cash crops 
in individual fields in uplands (ha); cash crops in 
family fields in wetlands (ha); cash crops in 
individual fields in wetlands (ha) 

Food crops in family fields in uplands (ha); food 
crops in individual fields in uplands (ha); food 
crops in family fields in wetlands (ha); food 
crops in individual fields in wetlands (ha); cash 
crops in family fields in uplands (ha); cash crops 
in individual fields in uplands (ha); cash crops in 
family fields in wetlands (ha); cash crops in 
individual fields in wetlands (ha) 

Maize (ha); rainy-season rice (ha); dry-season 
rice (ha); cassava (ha); sweet potato (ha); 
groundnut (ha); cowpea (ha); bambara nut (ha); 
geocarpa groundnut (ha); soya (ha); dry-season 
market gardening (ha); rainy-season market 
gardening (ha); oil palm trees (ha); fallow (ha) 

Noudosse yam sown in 2012 (ha); noudosse 
yam sown in 2013 (ha); assina yam sown in 
2012 (ha); assina yam sown in 2013 (ha); 
cassava transplanted in 2011 (ha); cassava 
transplanted in 2012 (ha); maize (ha); sorghum 
(ha); millet (ha); rice (ha); groundnut (ha); 
cowpea (ha); bambara nut (ha); soya (ha); 
cotton (ha); dry-season market gardening (ha); 
rainy-season market gardening (ha); groves 
(ha); fallow (ha) 

Chemical inputs in family fields in uplands 
(FCFA); chemical inputs in individual fields in 
uplands (FCFA); chemical inputs in family fields 
in wetlands (FCFA); chemical inputs in 
individual fields in wetlands (FCFA) 

Chemical inputs in family fields in uplands 
(FCFA); chemical inputs in individual fields in 
uplands (FCFA); chemical inputs in family fields 
in wetlands (FCFA); chemical inputs in 
individual fields in wetlands (FCFA) 

Hired workforce in family fields in uplands 
(FCFA); hired workforce in individual fields in 
uplands (FCFA); hired workforce in family fields 
in wetlands (FCFA); hired workforce in individual 
fields in wetlands (FCFA) 

Hired workforce in family fields in uplands 
(FCFA); hired workforce in individual fields in 
uplands (FCFA); hired workforce in family fields 
in wetlands (FCFA); hired workforce in individual 
fields in wetlands (FCFA) 

 

1159



 

Figure 1. Schematic representation of the functional farm typology in Zonmon. 
Gradients for variables are symbolized by arrows. Farm types are symbolized by 
ellipses. 

We identified 5 farm types in Pelebina (Figure 2). Type 2 farms were small households with 
both a small number of family members working in the farm and a small number of family 
members supported by the farm. Family members worked together in all fields under the farm 
head’s supervision i.e. there was only one management unit in the farm. Type 4 farms were 
medium size households. Food production in upland family fields included large assina yam 
fields compared to other farms. The number of management units and the area farmed in 
individual fields were intermediate compared to other farms. Individuals who were granted 
fields mainly grew cash crops in uplands. Type 1 farms were medium size households. The 
number of family members supported by the farm was similar to Type 4 farms. The number of 
family members working in the farm, however, was larger than in Type 4 farms. The number 
of management units and the area farmed in individual fields were larger than in Type 4 farms. 
Individuals who were granted fields mainly grew cash crops in uplands. Type 3 farms were 
medium size households. The number of family members supported by the farm was similar 
to Type 4 farms and Type 1 farms. The number of family members working in the farm was 
similar to Type 1 farms. In Type 3 farms, the number of management units was similar to Type 
4 farms. The area farmed in individual fields was, however, larger than in Type 4 farms and 
similar to Type 1 farms. Individuals who were granted fields mainly grew cash crops. Cash 
crops grown by individuals included cotton in uplands and off-season market gardening in 
wetlands. Chemical inputs were used moderately and allocated to both upland family fields 
and upland individual fields. Type 5 farms were large households.  The number of family 
members supported by the farm was larger than in other farms. The number of family members 
working in the farm was large and similar to Type 1 and Type 3 farms. The area under cash 
crops in upland family fields was larger than in all other farms. Indeed, in Type 5 farms, most 
farm heads managed large cotton fields. In Type 5 farms, the number of management units 
was large and similar to Type 1 farms. Individuals who were granted fields mainly grew cash 

T3 

T2 

T1 

AF ff up 

CC ff wet; Inputs 
ff wet; AF ff wet; 
HW ff wet; AB 
wet; DS rice 

CC if wet; AF if wet 

FC if up; W; AF if up; HW 
if up; CC if up; MU; D 

FC if up: food crops in individual fields in 
uplands (ha) 
W: family workers 
AF if up: individual fields in uplands (ha) 
HW if up: hired workforce in individual fields 
in uplands (FCFA) 
CC if up: cash crops in individual fields in 
uplands (ha) 
MU: management units 
D: dependants 
CC if wet: cash crops in individual fields in 
wetlands (ha) 
AF if wet: individual fields in wetlands (ha) 
CC ff wet: cash crops in family fields in 
wetlands (ha) 
Inputs ff wet: inputs in family fields in 
wetlands (FCFA) 
AF ff wet: Family fields in wetlands (ha) 
HW ff wet: hired workforce in family fields in 
wetlands (FCFA) 
AB wet: area borrowed in wetlands (ha) 
DS rice: dry-season rice (ha) 
AF ff up: family fields in uplands (ha) 
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crops in uplands. Chemical inputs were used in larger amounts than in other farms and 
allocated to upland family fields. 

 

 

Figure 2. Schematic representation of the functional farm typology in Pelebina. 
Gradients for variables are symbolized by arrows. Farm types are symbolized by 
ellipses. 

 

Differences in resource endowment between farm types 
In Zonmon, Type 1 farms represented the worse-endowed farms (Table 2). Type 1 farms 
owned less land in both uplands and wetlands and mobilised less family labour. Their 
expenditure on hired workforce was small. Type 3 farms represented moderately-endowed 
farms in Zonmon (Table 2). Type 3 farms were as well-endowed as the best-endowed Type 2 
farms in terms of family labour and land in uplands but had less land in wetlands and less cash 
available for hiring workforce. Type 2 represented the best-endowed farms in Zonmon (Table 
2). 

Assina13; Assina12 

AF ff up; CC ff up 

Cotton; MU; AF if wet; 
Inputs ff up; D; CC if wet  

W; Groves; Inputs if up; CC 
if up; AF if up; DS MG 

T2 
T4 

T1 

T3 

T5 

W: family workers 
Groves: groves (ha) 
Inputs if up: inputs in individual fields in 
uplands (FCFA) 
CC if up: cash crops in individual fields in 
uplands (ha) 
AF if up: individual fields in uplands (ha) 
DS MG: dry-season market gardening (ha) 
Cotton: cotton (ha) 
MU: management units 
AF if wet: individual fields in wetlands 
(ha) 
Inputs ff up: inputs in family fields in 
uplands (FCFA) 
D: dependants 
CC if wet: cash crops in individual fields 
in wetlands (ha) 
AF ff up: family fields in uplands (ha) 
CC ff up: cash crops in family fields in 
uplands (ha) 
Assina13: assina yam sown in 2013 (ha) 
Assina12: assina yam sown in 2012 (ha) 
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Table 2. Differences in resource endowment among farm types for Zonmon. Different 
letters indicate differences among farm types at the 5% level. Resource endowment 
increases from Type 1 to Type 2. 

 Resource endowment 

-----------------------------> + 

 Type 1 Type 3 Type 2 

Area owned in uplands (ha) a b b 

Area owned in wetlands (ha) a ab b 

Number of family workers a b b 

Hired workforce (FCFA) a ab b 

 

In Pelebina, Type 2 represented the worse-endowed farms (Table 3). Type 2 farms owned the 
least area of land in uplands and had least family labour. Type 4 farms were better endowed 
than Type 2 farms but less endowed than Type 1, Type 3 and Type 5 farms (Table 3). In terms 
of land in uplands, Type 4 farms were better endowed than Type 2 farms, as well-endowed 
as Type 1 and Type 3 farms but less endowed than Type 5 farms. The number of family 
workers was intermediate between Type 2 and Type 1, Type 3 and Type 5 farms. Type 1 and 
Type 3 farms represented moderately-endowed farms in Pelebina (Table 3). Type 1 and Type 
3 farms were similarly endowed in terms of land in uplands and family labour. Type 5 farms 
represented the best-endowed farms in Pelebina (Table 3). They owned more land in uplands 
compared to other farms. Type 5 farms were as well-endowed as Type 1 and Type 3 farms in 
terms of family labour. 

Table 3. Differences in resource endowment among farm types for Pelebina. Different 
letters indicate differences among farm types at the 5% level. Resource endowment 
increases from Type 2 to Type 5. 

 Resource endowment 

--------------------------------------------------------> + 

 Type 2 Type 4 Type 1 Type 3 Type 5 

Area owned in uplands (ha) a ab ab ab b 

Number of family workers a ab b b b 

Chemical inputs (FCFA) a ab abc bc c 
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Gender-based division of labour in individual fields 
The composition of the management system on farms differed between the case-study 
villages. In Zonmon, the majority of individual fields were granted to female individuals (Table 
4). The area farmed in female individual fields accounted for 98.8% of the area farmed in 
individual fields. The number of female individual management units was small in Type 1 farms, 
intermediate in Type 2 farms and large in Type 3 farms. The area farmed in female individual 
fields was small in Type 1 farms and large in Type 2 and Type 3 farms. In Pelebina, individual 
fields were granted to both female and male individuals (Table 5). The area farmed in female 
individual fields accounted for 54.3% of the area farmed in individual fields. The area granted 
to female individuals did not vary among farm types (0.22 ha on average with a standard 
deviation of 0.34; 0.03 being the median). The number of male individual management units 
as well as the area granted to male individuals was small in Type 2 farms, intermediate in 
Type 4 farms and large in Type 1, Type 3 and Type 5 farms. 

Table 4. Differences in gender-based division of labour in individual fields among farm 
types for Zonmon. Different letters indicate differences among farm types at the 5% 
level. 

 Type 1 Type 3 Type 2 

Household distribution (#) 31 12 7 

Household distribution (%) 62 24 14 

Female individual management units 0 a 2 b 1 ab 

Male individual management units 0  0  0  

Female individual fields (ha) 0.00 a 1.04 b 0.70 b 
Male individual fields (ha) 0.00  0.00  0.00  

 

Table 5. Differences in gender-based division of labour in individual fields among farm 
types for Pelebina. Different letters indicate differences among farm types at the 5% 
level. 

 Type2 Type4 Type1 Type3 Type5 

Household distribution (#) 17 6 14 4 6 

Household distribution (%) 34 12 28 8 12 

Female individual management units 0  1  1  1  1  

Male individual management units 0 a 0 ab 2 b 2 b 1 b 

Female individual fields (ha) 0.00  0.12  0.07  0.62  0.02  

Male individual fields (ha) 0.00 a 0.00 ab 0.15 b 0.17 b 0.17 b 
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Discussion 

Resource endowment and labour division 
Individual fields emerged mostly in better-endowed farms (Table 6 and Table 7). In the worse-
endowed farms i.e. in Type 1 farms for Zonmon and Type 5 farms for Pelebina, family 
members worked together in family fields i.e. there was only a family management unit in the 
farm. In the wealthier farms i.e. Type 2 and Type 3 farms for Zonmon and Type 4, Type 1, 
Type 3 and Type 5 farms for Pelebina, at least 1 individual management unit emerged which 
added to the family management unit. 

Table 6. Differences in labour division between family fields and individual fields among 
farm types for Zonmon. Different letters indicate differences among farm types at the 
5% level. 

 Resource endowment 

-----------------------------> + 

 Type 1 Type 3 Type 2 

Number of management units a b ab 

Individual fields (ha) a b b 

Ratio of the area farmed in individual fields to the total area 
farmed 

a b ab 

 

Table 7. Differences in labour division between family fields and individual fields among 
farm types for Pelebina. Different letters indicate differences among farm types at the 
5% level. 

 Resource endowment 

----------------------------------------------------> 
+ 

 Type 
2 

Type 
4 

Type 
1 

Type 
3 

Type 
5 

Number of management units a ab b ab b 

Individual fields (ha) a ab b b ab 

Ratio of the area farmed in individual fields to 
the total area farmed 

a ab b b ab 

 

Individual fields emerged mostly in farms better-endowed with family labour. High correlations 
(data not shown) suggested that the size of the workforce was a key determinant in the 
emergence of individual fields within farms. Our finding is supported by Guirkinger and 
Platteau (2014) who argued that contrary to individual production on individual fields, collective 
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production on family fields is plagued by free-riding, which increases with the size of the 
workforce. Individual fields allow workers to be rewarded in proportion to their labour (in terms 
of working hours and efficiency) contrary to family fields on which it would be socially and 
operationally not likely (Guirkinger et al., 2015). Guirkinger and Platteau (2015, 2014) and 
Guirkinger et al. (2015) indicated that the awarding of individual fields within family farms is a 
strategy to avoid potential conflicts among family members and therefore to enhance 
commitment to family fields. 

For our samples of farms, 40% of the total area owned was left under fallow in Zonmon and 
53% of the total area owned was left under fallow in Pelebina: land availability was not a 
constraint in our case-study villages. In the context of abundant land, labour may constrain 
agricultural production (Leonardo et al., 2015). Since individual fields imply labour division 
between family fields and individual fields, it is likely a reward that only farms better-endowed 
with family labour can afford. 

Another explanation for the emergence of individual fields in the better-endowed farms is that 
it reflects differences between the objectives of the farm head and the objectives of the family’s 
individuals (Guirkinger et al., 2015). Such differences in objectives are more likely to appear 
in better-endowed farms for which opportunities are diverse (Foster & Rosenzweig, 2002). 

The coexistence of family fields and individual fields reflects the interdependence of the 
workers; otherwise the farm would split into new smaller farms (Guirkinger & Platteau, 2015). 
Family fields have advantages and may allow: economies of scale and savings associated 
with the financing of farm public goods (Foster & Rosenzweig, 2002); risk dilution (Chayanov, 
1991); or completing farming operations in a timely manner. In farms where family fields and 
individual fields coexist, the farm head still benefits from the labour of family members on 
family fields. In return, the farm head has to satisfy part of the needs of these family members. 
Provided farms are endowed enough, combining family fields and individual fields may be a 
strategy for the farm head to secure livelihood well-being, in terms of fair remuneration for 
work and freedom of initiative, for all farm members. In worse-endowed farms, granting 
individual fields may be to the advantage of an individual but to the detriment of the family as 
a whole. 

Tipping of the balance from family fields to individual fields was more visible in Zonmon, where 
family fields on better-endowed farms were either small compared to large female-run 
individual fields (for Type 3 farms) or remained large but were served by hired labour (for Type 
2 farms). Different patterns of family fields and individual fields were the result of a farm level 
rationale. Our research suggests that not only cooperation and conflict (Caretta & Börjeson, 
2015; Doss, 2013; Himmelweit et al., 2013) but also resource endowment and, in particular, 
labour endowment at the farm level shape the sharing of resources and profit within farms. In 
a context of abundant land, the implementation of labour-saving technologies may be to the 
advantage of agricultural production in family fields (by at least increasing labour productivity) 
as well as in individual fields (by freeing up working time in family fields). It may positively 
influence the individual access to resources in the worse-endowed farms and overall 
contribute to improving farmer livelihoods. 

We did not investigate the inputs of individual family workers on family fields and individual 
fields, land and labour productivity on family fields and individual fields or profit distribution 
among members of family farms in relation to the involvement on family fields. Further 
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research is needed to map practices and their success in terms of fair economic well-being 
for family workers. 

Identifying the diversity in resource division patterns between family fields and 
individual fields: a framework for the gender-oriented literature? 
Resource division among family workers are mostly analysed through the lens of gender-
based division of resources in the literature. Research focused in particular on how gender-
based differences in access to resources affected differences in land productivity between 
male and female. Here, we investigate the link between observed patterns in resource division 
among family workers and gender-based differences in access to resources within farms. We 
question the choice of the unit of analysis in the gender-oriented literature. 

Some studies compare male-headed farms and female-headed farms (Peterman et al., 2011; 
Vargas Hill & Vigneri, 2014; Croppenstedt et al., 2013; Alene et al., 2008; Gilbert et al., 2002; 
Tiruneh et al., 2001). These studies aggregate data from fields managed by the farm head 
(male or female family fields) and fields managed by individuals (male and/or female individual 
fields) in cases where the latter exist (Table 8). Other studies compare male fields and female 
fields (Oseni et al., 2015; Slavchevska, 2015; Aguilar et al., 2015; Kilic et al., 2015; Vargas 
Hill and Vigneri, 2014; Kinkingninhoun-Mêdagbé et al., 2010; Goldstein & Udry, 2008; 
Oladeebo & Fajuyigbe, 2007; Akresh, 2005; Quisumbing et al., 2001; Udry, 1996; Saito, 1994). 
Male fields correspond to male family fields or male individual fields (Table 8). Similarly, female 
fields correspond to female family fields or female individual fields (Table 8). The combination 
of type of farm and type of field (the matrix in Table 8), however, is overlooked in all studies 
we found. Hence information on the role of family fields and individual fields in the family’s 
livelihood is missing. 

Table 8. Combination of type of farm and type of field 

 Male-headed farms Female-headed farms 

Male field Male family 
field 

Male individual 
field 

Male individual field 

Female 
field 

Female individual field Female family 
field 

Female individual 
field 

 

Enabling women’s access to resources is often recommended in the gender-oriented literature 
(Oseni et al., 2015; Slavchevska, 2015; Aguilar et al., 2015; Karamba & Winters, 2015; Doss 
et al., 2015; Kilic et al., 2015; Vargas Hill and Vigneri, 2014; Croppenstedt et al., 2013; 
Kinkingninhoun-Mêdagbé et al., 2010; Goldstein & Udry, 2008; Alene et al., 2008; Gilbert et 
al., 2002; Quisumbing et al., 2001; Udry, 1996; Saito, 1994), at least as a lever to decrease 
the gender-based differences in land productivity (Oseni et al., 2015; Slavchevska, 2015; 
Aguilar et al., 2015; Kilic et al., 2015). 

In our sample, female-headed farms were present in Zonmon only. They all corresponded to 
widows and belonged to Type 1 farms i.e. the worse-endowed farms. Individual fields did not 
exist within these farms. Female-headed farms accounted for 23% of Type 1 farms and 14% 
of the whole sample. In sub-Saharan Africa, 74% of family farms are male-headed farms (FAO, 
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2011). Typology studies have revealed links between farm resource endowment and farm 
land productivity (Falconnier et al., 2015; Senthilkumar et al., 2012). We question the 
relevance of targeting female-headed farms to decrease the gender resource endowment-
based differences in land productivity. Instead, we recommend addressing the worse-
endowed farms (which includes female-headed farms) to decrease farm resource 
endowment-based differences in land productivity. 

Our results indicated that differences in access to resources (family labour, agro-chemical 
inputs and hired labour) among family workers were the result of a farm level rationale. This 
farm level rationale appears to succeed in at least maintaining cohesion among family workers. 
In Zonmon,   individuals, including women, had a larger access to resources in better-endowed 
farms (Table 4). In Type 3 farms in Zonmon, women had even access to more land than the 
farm head probably due to a lack of cash to hire labour on family fields and to the polygamous 
status of the farm which may increase the probability of conflicts occurring among family 
members (Guirkinger & Platteau, 2014). Not granting individual fields in the worse-endowed 
farms may be for the greater good of family members, whether they are men, women, boys or 
girls. In Pelebina, female and male individuals had an equivalent access to land. Male 
individuals in better-endowed farms had a larger access to resources compared to worse-
endowed farms but no difference was found with female individuals (Table 5). 

Finally, reasoning in terms of male and female land productivity, whether at a field or at a farm 
level, does not provide information on individual economic well-being as profit, in particular 
from family fields, can be distributed among members of the same family farm. Guirkinger and 
Platteau (2015) show that as land scarcity increases, the effect of the free-riding problem on 
family fields outweighs the effect of the size of the workforce available on family fields i.e. a 
farm split into autonomous branch farms is more profitable than a farm in which family fields 
and individual fields coexist. In other words, individual fields would tend to disappear as land 
constraints exceed a certain threshold. We suggest that, at least in a context of abundant land, 
distinguishing land productivity in male family fields, female family fields, male individual fields 
and female individual fields may provide better indicators for profit distribution among family 
members and therefore for analysis of resource allocation efficiency within farms. 
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Quality of work of vegetable growers, in conventional and agroecological 
systems in the Walloon Region (Belgium) 
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Abstract: The present study explores the quality of work of vegetable growers for the fresh 
markets, in a diversity of conventional and agroecological systems. In the literature we 
identified nine dimensions determining the quality of work: autonomy and control level; income 
and social benefits; work (in)security; political experience at work; time at work; job intrinsic 
benefits; job painfulness; health;  safety;  and competence. The production of vegetables in 
the Walloon Region (Belgium) may be categorised into four main types, ranging from market 
gardeners on a few hectares to cereal farmers who include some vegetables in their crop 
rotation. Each type was studied in both agroecological and conventional agriculture. We 
conducted 41 semi-directed interviews with vegetable producers. In addition to the evaluation 
of the nine dimensions, production and commercialisation systems, professional path, history, 
orientation to work and perception of the future were addressed. The first five dimensions 
appeared to be very central in order to understand, in our specific context, what distinguishes 
the different types of production from each other. In the present paper and for each group of 
producers, we will focus on these five dimensions from a qualitative point of view in order to 
illustrate our general conclusions to the study on the quality of work. Each group of producers 
is confronted with the necessary trade-offs between the various dimensions. For each 
dimension indeed, the quality of work is not systematically better for producers in 
agroecological agriculture. This appears particularly true for market gardeners on small areas.  

Keywords: Quality of work, agroecology, vegetable, market gardening, work insecurity, 
producers’ autonomy, time at work, recognition 
 

Introduction 
Europe has been facing a significant socio-economic and environmental crisis since 2008. In 
this context, the question of whether ‘green jobs’ could be a trail to develop more and better 
jobs is a great concern for governments. In agriculture, some scientists and associations 
defend the view that organic and/or agroecological agriculture could simultaneously offer 
better jobs and avoid some negative externalities on environment, compared to conventional 
agriculture (Gliessman, 2007; Maynard & Green, 2006; Ollivier & Guyomard, 2013; 
Timmermann & Félix, 2015) 

Nevertheless, concerning vegetable production, the quality of work in agroecological systems 
remains quite unexplored. Many articles on the subject focus on organic agriculture or are 
more normative than based on empirical studies (Gliessman, 2007; Timmermann & Félix, 
2015). The present study explores the quality of work of vegetable growers in the Walloon 
Region (Belgium) in a diversity of farming orientations (agroecological or conventional) and 
farming models.  

We identified four main models for producing vegetables in the Walloon Region, from market 
gardeners on a few hectares to cereal farmers who include some vegetables in their crop 
rotation. They are referred to as: market gardeners on a small area (MSA), mechanised market 
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gardeners (MMG), highly mechanised market gardeners (VMM) and vegetable growers in field 
crops (VFC).  Each of these four models of production was examined and studied in both 
agroecological and conventional agriculture. 

The goal of this study is to answer the following two questions, in our specific context: (1) to 
what extent do agroecological types of production systems offer (or not) better jobs than 
conventional types?; and (2) more generally, to what extent are the types of production 
systems different in terms of quality of work? 

No definition on the quality of work has so far been unanimously accepted. To address our 
research question, we looked at the sociological, economic and agronomic literature. We 
identified nine dimensions determining the quality of work: autonomy and control level; income 
and social benefits; work (in)security; political experience at work; time at work; job intrinsic 
benefits; job painfulness; health; safety; and competence. The first five dimensions appeared 
to be very central to understand, in the specific context of the Walloon Region, what 
distinguishes the different types of production from each other (See next Section). In the 
following sections we use the term well-being to refer to the state of being happy resulting 
from the satisfaction of a whole series of needs as regards physical and moral health.  

We conducted 41 semi-directed interviews with vegetable producers. In addition to the 
evaluation of the dimensions, production and commercialisation systems, professional path, 
history, orientation to work and perception of the future were addressed (See Methodology).  

Our results are structured in two parts. Firstly, we briefly present the production and 
commercialisation systems as well as the main socio-cultural characteristics of each type of 
production systems. Secondly, we show particularities and trade-offs, relatively to the first five 
studied dimensions, which impact the quality of work of each group of vegetable growers, both 
in agroecological and in conventional systems.  

 
A theoretical framework at the crossroads of sociology, economy and agronomy  
Our theoretical framework is mainly based on sociological as well as economic literature on 
the subject (Dahl et al., 2009; Méda & Vendramin, 2013). Then we crossed this literature with 
the agronomic literature reviewing a total of 38 articles and two books (Béguin et al., 2011; 
Dufour & Herault-Fournier, 2010; Fiorelli et al., 2010; Galt, 2013; Guthman, 2004; Shreck et 
al., 2006; Timmermann & Félix, 2015). We also looked at a study commissioned by the 
European Parliament (Muñoz de Bustillo et al., 2009), and, finally, at some publications which 
specifically study the case of self-employed workers (Baudelot et al., 2003; Bessière & Gollac, 
2015; Gollac & Serge Volkoff, 2000). 
 
We identified in the literature examined nine dimensions that determine the quality of work. In 
this article we present five of these dimensions with a qualitative approach in order to illustrate 
our main conclusions on the quality of work. We briefly specify them here and provide their 
interpretation within the context of producers: 

(1) income and 
social benefits 

For self-employed workers income depends on profit or corresponds 
to salaries paid by the company. Social benefits are diverse: 
premiums, personal and health insurance or even productive capital. 
In this paper we will mainly develop producers’ perception with 
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respect to their income and standard of living. Productive capital is, 
by definition, increasing from MSA to VFC types of production 
systems.   

(2) work (in)security  This is the well-being loss coming from an uncertainty as to one’s 
ability to keep one’s job  

(3) time at work This one takes into account all working hours (production, 
commercialisation, administrative tasks). 

(4) autonomy and 
control level 

A producer’s degree of freedom can be limited by climate, State, 
markets or even previous technical choices.  

(5) political 
experience at work 

This one assesses (1) to what extent producers feel considered as 
equal to other individuals (authorities, customers, neighbours, State, 
Union, etc.) and (2) to what extent they consider influencing decision-
making concerning them. In this study, we will essentially develop 
the first item which rather differentiates the various groups of 
producers from each other. This dimension has been initially 
developed in the case of workers (Ferreras, 2007).  

 
Methodology  
We conducted 41 semi-directed interviews with vegetable producers. The types of production 
were initially chosen as strategic clusters,1 that is a group of people who developed the same 
behaviour when facing a specific situation. These groups were established so as to respect 
the principle of complex triangulation2. Triangulation imposes crossing data collected during 
the interviews. Complex triangulation suggests varying informers according to their 
relationship to the issue the interviewer is dealing with. The objective is to include the 
heterogeneity of opinions as an element of the analysis. Interviews were stopped for a 
particular type of production when the last interviews did not bring any new information (Olivier 
de Sardan, 2008). The interviews were structured with a guide and conducted according to 
the requirements set by Kaufmann (Kaufmann, 2011) and Blanchet and Gotman (Blanchet & 
Gotman, 2007). In addition to the evaluation of the nine dimensions, production and 
commercialisation systems, professional path, history, orientation to work and perception of 
the future were addressed. 
 
The producers were selected, first because (1) they are considered as key players in their 
type of production by the experts in vegetable production in the Walloon Region, then because 
(2) they have special features that distinguish them from the other producers of their group. 
As no consensual definition of an agroecological system is available, we assigned a producer 
a posteriori to the agroecological orientation when he/she met two conditions: compliance with 
the organic farming regulations (alternative regulation as Nature & Progrès or conventional 
regulation) and embeddedness in the socio-economic principles of agroecology, as defined in 

                                                      
1 Strategic clusters is a translation of the French concept of ’groupes stratégiques’, introduced by Olivier de Sardan 
(2008, 81). The word ‘strategic’ does not refer to the power of actors. Strategic cluster is an empirical notion. 
Clusters have to be modified along with the field survey in order to stay relevant with the evolution of the studied 
problematic. 
2 Complex triangulation is a translation of the French concept ‘triangulation complexe’, a concept introduced by 
Olivier de Sardan (2008, 80). 
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Dumont et al. (2016). In this article and from a socio-economic point of view agroecology is 
considered as a Weberian ideal-type described with thirteen principles. The following 
principles have been evaluated for the present study: environmental equity, social equity, 
financial independence, market access and autonomy, sustainability and adaptability, 
partnership between producers and consumers, geographic proximity, rural development and 
preservation of the rural fabric, shared organisation, joint implementation of the various 
principles in actual practice.  

The final step was to consider each producer as agroecological when he was in organic 
agriculture and when he included at least eight agroecology socio-economic principles in his 
work. For each model of production we found several producers we could consider as 
agroecological, except for VFC. Few organic VFC producers give priority to agroecological 
issues and all of them use conventional practices for some of their fields. Consequently we 
could not consider anyone as agroecological.  

 

Nine types of production systems in vegetable farming for the fresh market 

Context of the Walloon Region and number of producers interviewed 
Vegetable farming is little developed in Walloon Region and little supervised by research 
centres. Producers are fewer than 300. Most of them are agroecological MSA producers with 
little experience. Farms are managed by one producer or by a family. In general, there is little 
sharing between producers and between farms, except for some commercial activities.  
We interviewed a total of 41 producers (Table1).   

Table 1. Number of producers interviewed  
 
Type of 
production 

    Agroecological          Organic     Conventional 

MSA 10 0 4 
MMG 5 0 4 
VMM 2 2 6 
VFC 0 5 3 
Total 17 7 17 

 
As a producer could only be considered as agroecological a posteriori, some of them should 
have been excluded from the agroecological category and considered only as organic. The 
more mechanised and larger the production system is, the more difficult it appeared to find 
agroecological producers.  

For MSA and MMG groups, all producers could be assigned to agroecological or conventional 
systems. For organic VMM producers, two of them could not be considered as agroecological; 
for VFC producers none could be included in the agroecological category. These producers 
do not give any agroecological priority to at least eight socio-economic principles. Moreover, 
most of them keep some agricultural parcels of land in the conventional type of production.   
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Production and associated commercial systems  
Table 2 briefly presents the main characteristics of each type of production system. These 
have been established according to technico-economic appraisals of 32 producers out of the 
41 interviewed.  

 

Table 2. Main characteristics of the types of production 
 
 Main characteristics 

Type 
of 
prod-
uction 

Vegetable 
gross area 
(hectares) 

Full-time 
equivalent by 
exploitation 

Level of 
mechanisation 

Commercialisation 
pathways  

MSA < 2,5 2 – 4 
 

Almost absent to 
low 

Agroecological :  
Vegetable box, community 
supported agriculture, 
cooperative  
Conventional :  
Small farm store 

MMG 2,5 – 10 Agroecological : 
7 – 10 
Conventional :  
2 – 6 

Low Agroecological :  
Farm store and markets 
Conventional :  

    Farm store and retailer  
VMG 12 – 38 Agroecological : 

5 – 15 
Conventional :  
5 – 10 

Important Agroecological : 
Farm store and market  
Conventional and 
organic :  
Supermarket, wholesaler 
or, more recently, farm 
store  

VFC Biological : 
> 25 
Conventional :  
> 18 

Biological : 
3 – 5 
Conventional :  
1 – 4 

Very important Organic : 
Supermarket, wholesaler, 
processing company 
Conventional : 
Auction, processing 
company 

 

Main socio-cultural and personal characteristics  
The following personal and socio-cultural characteristics are presented for each group of 
producers (Tables 3.1 and 3.2): age; agricultural family origin; education; professional 
experience other than production; and agricultural field experience. These characteristics 
appear crucial to understand the analysis on the quality of work.  
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Table 3.1. Main socio-cultural and personal characteristics  
 
Type of 
prod-
uction 

Orientation Total 
number of 
producers 

Number of 
producers 
from an 
agricultural 
family 

Number of producers by age range [years] 

    [20, 30] [30, 40] [40, 50] [50, 60] [60, 70] 

MSA Agroeco. 10 1  3 5 1 1 
 Conv. 4 3 2  2   
MMG Agroeco. 5 2  1 4  1 
 Conv. 4 4 1 1 1 1  
VMG Agroeco. 2 1   1 1  
 Organic 2 2   1  1 
 Conv. 6 6   1 3 2 
VFC Organic 5 4   3 1 1 
 Conv. 3 3   1 1 1 

 
MSA and MMG producers include younger producers than in other groups. Agroecological 
producers, especially in MSA and MMG systems, come less frequently from an agricultural 
family than from conventional ones.  
 
Table 3.2. Main socio-cultural and personal characteristics  
 
Type 
of 
prod. 

Orient-
ation 

Total 
number 
of prod-
ucers 

Number of 
producers 
with 
education 
after 
college  

Number of 
producers 
with other 
professional 
experience 

Number of producers with field experience 
[years] 

     [3-5] [5-10] [10-20] [20-30] [30-40] 

MSA Agroeco. 10 7 8 4 1 3 1 1 
 Conv. 4 2 3 1 1 2   
MMG Agroeco. 5 5 4 1 1 1 1 1 
 Conv. 4 2 2  2 1  1 
VMG Agroeco. 2 2 2   1 1  
 Organic 2 1 1    1 1 
 Conv. 6 2 1    5 1 
VFC Organic 5 3 3   1 2 2 
 Conv. 3 2 1  1 1  1 

 

Conventional VMG and MMG producers are two groups in which fewer producers studied after 
college. With conventional VFC producers, there are also groups in which fewer producers 
had other job experience. MSA and MMG types of production systems include more producers 
with less than 10 years’ experience. This is due to the recent attractiveness of this type of 
production.  
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Quality of work in vegetable farming  
The present section shows particularities and trade-offs relating to five main dimensions 
impacting the quality of work of each group of vegetable growers: level of autonomy and 
control; income and social benefits; work (in)security; time; and political experience at work. 
For each model of production we developed the situation for agroecological and conventional 
groups of producers. According to its own importance each dimension is more or less 
developed concerning the well-being at work of each group of producers. For VMG and VFC 
producers, we briefly summarise the situation of organic producers relative to the situation of 
groups of the same model but with other orientations.   
 
Market gardeners on small areas (MSA) 

Agroecological agriculture 
Most agroecological MSA producers have chosen to work in this type of production system 
because it corresponds to their social and ecological values. For the same reason, they have 
chosen to commercialise their products through short food channels only and have less links 
with conventional markets. It is considered as a guarantee of their autonomy and viability. 
Having a highly diversified agriculture, based as little as possible on fossil fuel and chemical 
inputs is important to them. They consider the human factor as central in this system mainly 
because possibilities of mechanisation are extremely limited, their products are directly sold 
to consumers, areas are small and leave room for other producers. They have an expressive 
orientation to work. This indicates that such a system is a way to exercise a profession that 
makes sense and is useful to society. Given such initial motivations, they actually feel limited 
on the following points. At commercialisation level, they need to find a sufficient number of 
customers but not too far from their farm to be profitable. Moreover, following the supply 
increase of vegetable boxes that characterised these past few years, many of them had 
difficulties with creating customer loyalty. Over the years, some of them question the 
importance of limiting mechanisation in favour of the environment and human well-being. They 
usually use tools with a lower fuel efficiency (for instance, rototiller instead of tractor) but there 
is no scientific proof that these tools consume less fuel. A low level of mechanisation 
sometimes appears more painful for them and their workers. Manual work is particularly hard 
for producers who do not have any associates or workers. And finally, the majority of 
agroecological MSA producers feel financially limited. They can only offer precarious 
employment (seasonal contracts) or work with volunteers. Most of them consider they are not 
earning enough money and half of them do not have any leeway for increasing their current 
income.  
 
If agroecological MSA producers appear to suffer more than other groups of producers having 
similar income3, it is due to the low level of work security. The investment capacity generated 
by the system is low. Most of them are unable to invest and hire workers easily. It is a real 
challenge that they have to overcome due to low levels of personal capital and consequently 
a limited ability to gain the confidence of the banks. Some of them do not want to borrow 
money in order to safeguard their autonomy. The vegetable box system to which customers 
can subscribe was a good way for most of them to generate their own funds. But this target is 
becoming difficult to reach as competition in the supply of vegetable boxes has increased. 

                                                      
3 We did not investigate the accounting of producers but they provided us with their profit before tax and their 
turnover. As accounting obligations for farmers are very light in the Walloon Region, these amounts are still 
sensitive and are not disclosed in the present study.  
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They are also faced with three other barriers to reach a good level of profitability. First, most 
of them had to acquire more land because they do not come from an agricultural family. When 
they do not own their land some investments are impossible to do. Secondly, the investment 
aids are only granted for a minimum amount of equipment (such as machinery). They have 
many investments to make but most of the unitary equipment is not expensive enough to 
benefit from grants. Thirdly, it is not beneficial for them to get an outside contractor for some 
production tasks. Moreover contractors prefer not to work for this kind of system due to 
expensive transition costs for a few hectares. Despite all these difficulties, agroecologial MSA 
producers take advantage of a high level of autonomy. Except when their lands are rented 
under precarious contracts, they have a more stable financial situation than other categories 
of producers, even if this situation is not as good as they would like it to be relative to the other 
types of production systems.  

Agroecological MSA producers work 2000 to 3000 hours per year (2300 on average) for all 
the tasks linked to the farm (production, commercialisation and administrative tasks). They 
take between 0 and 5 weeks of holidays per year (2 weeks on average). This is a very 
attractive situation compared to the other types of production. Nevertheless, because they 
wish to develop further their social and family life, half of them would like to have more free 
time.  

Agroecological MSA producers feel they benefit from an important support from society. 
However, most of them consider that this support exists in debates and talks but is still not 
apparent enough in vegetable prices. The absence of investment aids for their kind of farming, 
the lack of legal status adapted to part of their situation, and sometimes the lack of 
appreciation from conventional producers for producers not coming from an agricultural family, 
reinforces a feeling of lack of recognition.     

Conventional agriculture 
In conventional agriculture, most MSA producers developed their system because it was the 
only possibility for them to develop their passion – vegetable farming. Most of them developed 
an MSA system in parallel to another professional activity because they consider it is quite 
impossible to live only from their vegetable production. They appreciate in this system a low 
financial risk as well as a high level of autonomy. But as in the agroecological system, 
producers struggle at commercial level to find enough customers not too far from their farm. 
From an economic point of view, they seem to be in a less precarious system than 
agroecological MSA producers but most of them consider that prices are too low for them to 
live only from their vegetable production.  
 
Comparative to agroecological MSA producers they benefit from better work security. It is due 
to their pluriactivity and/or their free and easy access to the family land which they are settled 
on, as most of them are from an agricultural family. Because of these situations, they take 
advantage of the following points: less borrowing; contracting work executed by a member of 
the family; own funds generated by their service company; and access to workers employed 
thanks to their service company, etc.  

If their quality of life is better from an economic point of view it is much more problematic in 
the social sphere. Producers in this system work more than 2500 hours and more than 4000 
hours when they are in pluriactivity. For the latter, time spent at work and the very low 
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compatibility between their work and their family life is considered an unbearable situation. 
Moreover they suffer from a very hard pace of work.      

Mechanised market gardeners (MMG) 

Agroecological agriculture 
Agroecological MMG producers choose their production system for much the same reasons 
as agroecological MSA producers; most of them begun with an MSA system. Nevertheless, 
they prefer MMG to MSA systems because it is considered more in keeping with the current 
socio-economic context and less painful.  
 
From an economic point of view, they seem to benefit from more financial flexibility and work 
security but they do not seem to earn a higher income. Purchase/resale operations appeared 
necessary to ensure a living in this system. Except for one of them, their turnover is generated 
by 50 to 85% of purchase/resale operations. These purchases are essentially made from a 
wholesaler providing vegetable products from VMG and VFC producers. These producers are 
sometimes criticized - even by MMG producers themselves - for practicing a less 
agroecological organic agriculture. This is a paradox specific to agroecological MMG 
producers related to their economic, social and ecological values. But this important level of 
purchase/resale operations is necessary for the economic viability of their type of production 
systems. It contributes to generation of a higher investment capacity. This allows them to offer 
better contracts to their workers (fixed-term or permanent contracts) and sometimes to be 
more mechanised.  

In terms of security of work, they take advantage of the two following points: because they do 
not sell their products via vegetable boxes, they enjoy a better protection against competition 
than agroecological MSA producers have had in recent years; and they benefit from satisfying 
commercial situations such as good places on markets and/or well-situated farm stores.  

MMG producers prefer their kind of system as it allows them to work more comfortably during 
mechanised operations. For instance, they use a tractor instead of a rototiller. This leads to 
less suffering from vibrations. They can also get a farming contractor more easily. Being more 
mechanised and working on a larger area also gives them better recognition from conventional 
producers.  

A major constraint in this system is the amount of time spent at work. This is a problem as 
agroecological MMG producers have strong expectations in terms of compatibility between 
family and work lives. They work between 2500 and 4500 hours per year (3500 hours on 
average). It appears that it is due to the time spent on management and supervision of their 
numerous workers. Both tasks cannot be devolved in this type of production system.    

Conventional agriculture 
Half of the conventional MMG producers would prefer being a VMG or a VFC producer 
because they do not appreciate manual tasks. However, they practice MMG production 
because they do not have enough land but nevertheless want to make a living from agriculture. 
Moreover, they consider the VMG and VFC systems to be too risky.  
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From an economic point of view, producers consider that they earn enough money as they 
are willing to accept a simple life. Nevertheless, they estimate that their income per hour 
worked is too low.  

For the same reason as the agroecological MMG producers the security of work is high in this 
type of production. Moreover, in this case, most of them inherited all (or a part of) their land.  

They work between 2200 and 4300 hours per year. Producers can be divided in two groups. 
One group works more than 4000 hours per year. They take almost no holidays. Producers 
from these farms do not claim to suffer from a too intensive schedule. Nevertheless, their 
situation is considered as hardly compatible with a family life. It is a hard life for their wives 
who also work full time on the farm store and take care of children and domestic duties. In the 
second group producers work less than 3000 hours per year. They generate half of their 
turnover thanks to two or three vegetables. Because of this, they work a lot for these crops 
and accept that means neglecting some of the other crops when the pace of work is too 
intensive. This second group does not seem worse off in terms of income. 

Very mechanised market gardeners (VMG) 

Agroecological agriculture 
Agroecological VMG producers chose the highly mechanised type of system for economic 
reasons. This group includes only two producers and is consequently too small to draw any 
conclusions on its profitability. Moreover the producers we met were in two very different 
situations. Both of them appear to benefit from a high security of work. They sell their products 
only by short food channels that ensure them a secure income. They also benefit from a quasi-
monopoly situation as they are the only ones in their region to sell such an important level of 
vegetables at such a low price (thanks to the high level of mechanisation). The main issue for 
them is to have a sustainable and easy way to sell important quantities in short channels only.  
 

These producers work between 2800 and 3300 hours per year. None of them really suffers 
from this situation, although one of them did consider that it should be improved.     

Organic and conventional agriculture 
Most producers in this type of system inherited all (or a part of) a small cereal farm. They 
chose to develop vegetable crops with the aim of changing their small cereal farm into a large 
vegetable farm. They positively lived with this choice except for two of them who would have 
preferred to work in a VFC system. A high level of mechanisation was evidence for them.  
 
Conventional and organic VMG producers sell their products in long market channels and/or 
directly to supermarkets (except for one producer). Between 2000 and 2010 some of them 
switched completely to or developed short channels. It corresponds to a period of low prices 
and a higher level of competition between supermarkets. Many conventional VMG producers 
went bankrupt at this time, especially producers focusing on one or a few crops. Today, none 
of them grow less than three types of vegetable as it is considered too risky.  

We identified two groups in terms of well-being at work. A minority used the difficulties of other 
producers to reach a quasi-monopoly situation on markets. They are proud of the situation 
they reached. The other part is saddened at the bad sector situation. Generally speaking, 
conventional VMG producers feel less considered by society. Conventional agriculture, 
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particularly their highly mechanised system, is sometimes criticised in social debates. They 
also found many difficulties with transferring their farm to the new generation. Moreover they 
feel a lack of recognition in diverse confrontational situations. They considered as abusive the 
increase of standards imposed by supermarkets and their suppliers since the dioxine crisis, a 
very important health crisis in Belgium. It is seen as a way to evade their responsibility in food 
security. If there is a health problem the producer, being the last person in the food chain, has 
to support all responsibilities. They also feel they are not understood and sometimes insulted 
by inspectors during controls. Finally, very low prices at auction sales strengthen the feeling 
of lack of recognition for producers who used to sell their products there.  

Conventional as well as organic producers work between 2500 and 3700 hours per year. As 
for agroecological, none of them suffers from this situation. Most of them just never thought 
about holidays and working less.  

Vegetable growers in field crops 

Organic and conventional agriculture 
All producers in field crops are originating from an agricultural family in grain production. They 
wanted to continue to produce but with a higher profitability and less dependence from grain 
prices and agricultural premiums than their parents. Like VMG producers, having the largest 
possible area and being highly mechanised is considered necessary in order to live from 
agriculture.  
 
In organic as well as in conventional agriculture, VMG and VFC producers have a more 
variable turnover than in other groups. This is due to their commercialisation pathways (which 
are more insecure) and to their greater vulnerability to climatic conditions as they produce less 
vegetables. In VFC systems, security of work is even more delicate in organic agriculture. 
Organic producers have to struggle with supermarkets to sell their products while conventional 
producers are profitable by selling their products via auction only. The former also have fewer 
opportunities to sub-contract and have to invest more in specific and expensive tools for 
organic agriculture.   

Time at work is very variable, depending on the diversity of vegetables (and other productions) 
they have. They work between 1800 and 3000 hours and take between 0 weeks and 2.5 
months of holidays in conventional and organic agriculture. Except for two organic producers, 
they do not feel the need to work less. Family and work lives are always interwoven.  

Vegetable growers in field crops are quite rare in the Walloon Region and are rather proud of 
their current position. This feeling is even more important for producers in organic agriculture 
as they developed new technical skills and new commercialisation pathways with 
supermarkets when they shifted from conventional to organic. Like conventional VMG 
producers, who sell their products to supermarkets, they consider as abusive the increased 
level of standards imposed by supermarkets.  

Conclusions  

Our analysis shows that we cannot simply consider that agroecological vegetable production 
systems offer better jobs to producers than conventional ones.  
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Firstly, for the five dimensions studied on the quality of work, the results show specificities and 
trade-offs which impact on the well-being of each group of vegetable growers, both in 
agroecological and in conventional systems. Depending on the dimension considered, the 
quality of work is better in one type of production or another. None of the types of production 
fulfills perfectly all the dimensions. This is due to technical aspects, differences of socio-
cultural heritage and work orientation between producers of different types of production 
systems as well as the socio-economic and political context.  

Secondly, implementation of agroecological principles in vegetable systems is diverse. The 
quality of work is determined differently in the different agroecological systems. 

In the Walloon Region context, divergent trends can be observed for MSA and MMG 
agroecological types of production. Most MSA producers have difficulties achieving a 
satisfactory situation relative to the different dimensions of quality of work. Most MMG 
producers achieve a satisfactory situation for the three following dimensions: level of 
autonomy and control; work security; and political experience at work. While their situation is 
still delicate relative to their income and the time spent at work.  
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“I don’t regret that choice, producing less but doing better” – some key lessons learned 
in the international RETHINK project 
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Abstract: Many farmers are very actively exploring alternatives in farm management, 
production systems, markets and supply chains, often leading to new configurations in 
resource uses and relations between different actors, both within the sector and at a territorial 
level. Experimentation with new approaches tends to create tensions with traditional systems 
and institutions. However, often it leads to lasting improvement in economic success as well 
as the perceived quality of life and well-being of farm families and the wider rural community. 
Our observations of reorientation are not surprising as European agriculture and rural areas 
as a whole are being confronted with enormous challenges and need to accommodate a 
variety of demands. Many of those pursuing alternative strategies tend to see these challenges 
and demands as opportunities for products with particular qualities, new services and new 
functions. A telling example is the necessary transition of industrialised country economies in 
particular towards resource-efficient and climate-friendly production systems and consumption. 
The necessary changes can provide completely new opportunities to farmers, up- and 
downstream businesses and rural areas. The transdisciplinary RETHINK research 
programme connected the development of agriculture with the wider societal and policy goal 
of vibrant and prosperous rural areas. In this paper, I will use the 14 case studies of the 
RETHINK programme as illustrative examples when discussing conflicting goals and potential 
synergies between farm modernisation and well-being in rural areas. I also put forward some 
of the main lessons learned with references to a set of research papers that present the 
comparative analysis. 

Keywords: Agriculture, modernisation, resilience, well-being, rural development, progress 

 

Introduction 

Towards a more far-reaching shift in orientations 
“I don’t regret that choice, producing less but doing better”. This quote comes from a farmer 
in one of the 14 case studies carried out in the RETHINK research programme. In this 
particular case study, a transdisciplinary team from INRA Avignon has been examining 
transitions towards ecological production in the fruit and vegetable sector of Drôme Valley 
(Biovallée), France (Lamine et al., 2015). The quote is only one example but it signifies a more 
far-reaching shift in orientations that we found in almost all case studies. Many farmers are 
very actively exploring alternatives in farm management, production systems, markets and 
supply chains, often leading to new configurations in resource uses and relations between 
different actors, both within the sector and at a territorial level. Experimentation with new 
approaches tends to create tensions with traditional systems and institutions, but sometimes 
it leads to lasting improvement in the perceived quality of life and well-being – or indeed, just 
“doing better”. 
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In today's post-industrialist world, the daunting claims of modernisation are steadily eroded. 
Analysts emphasise the need for a ‘reflexive’ and ‘reflective’ approach to modernisation (Beck 
et al., 1994; Borne, 2010). The argument is that technological achievements, material 
prosperity and consumption tend to be over-emphasised while ignoring other quality of life 
values, equity issues and long-term sustainability. 

Jackson (2009) refers to the “engine of economic growth [that] created jobs, avoided 
recessions and became a ubiquitous yardstick for progress in the 20th century”. He 
emphasises that it’s key measure ‘GDP growth’ does not capture many “vital aspects of 
national wealth and well-being, such as changes in the quality of health, the extent of 
education and changes in the quality and quantity of our natural resources.” Even more 
importantly, Jackson (2009) questions whether economic growth is still a legitimate goal for 
rich countries, when “huge disparities in income and well-being persist across the globe and 
when the global economy is constrained by finite ecological limits”. 

Stiglitz et al. (2009) point out that “new political narratives are necessary to identify where our 
societies should go” and that “a shift of emphasis from a ‘production-oriented’ measurement 
system to one focused on the well-being of current and future generations, i.e. toward broader 
measures of social progress” is needed. The same authors distinguish between an 
assessment of current well-being and an assessment of sustainability: “Current well-being has 
to do with both economic resources, such as income, and with non-economic aspects of 
peoples’ lives (what they do and what they can do, how they feel, and the natural environment 
they live in). Whether these levels of well-being can be sustained over time depends on 
whether stocks of capital that matter for our lives (natural, physical, human, social) are passed 
on to future generations.” 

The connection with sustainability points to the global scale of the problems we are confronted 
with: current resource and emission-intensive lifestyles we are used to in rich countries can 
be neither sustained nor transferred to the world as a whole. A more equitable sharing of 
resources is therefore inevitable and overdue (Knickel, 2013).1 

Well-being in agriculture and rural development 
The increasing attention paid to well-being and related redefinition of societal progress has 
implications for agriculture and its changing role in rural areas and society as a whole. Jackson 
(2009) refers to the “ability of rural communities to flourish”. 

In the context of this paper, I define well-being as sustainable food production and access to 
food of good quality; the quality of life of farmers, consumers and society at large; 
environmental sustainability; and resource use efficiency.  

Agriculture, even if substantially changing, continues to represent the primary land use in rural 
areas, and it continues to have a very significant influence on rural economies, community life, 
social ties, local cultures, landscapes and environments (EC, 2014; SCAR, 2011). For the 
discussion in this paper, it is important to note that situations differ enormously and that the 
particular context matters tremendously. Farming related pollution is not a problem 

                                                      
1 Agricultural and rural development challenges are discussed in much detail in the assessments and foresight 
reports of the Standing Committee on Agricultural Research (SCAR, 2011) and the background documents on 
CAP reform by the European Commission (2011, 2014b). 
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everywhere and sometimes the capital intensity in farming is still very low. Lifestyle farming is 
becoming more important in some regions, but not everywhere.  

Empirical basis and structure of this paper 
This paper is based on data and insights gained from the transdisciplinary RETHINK research 
programme 'Rethinking the links between farm modernisation, rural development and 
resilience in a world of increasing demands and finite resources'. The European Commission 
and funding bodies in 14 countries supported the project under the umbrella of FP7 and the 
RURAGRI ERA-NET programme.2 RETHINK was carried out at a time of potentially profound 
change - when the agricultural sector must finally respond to increasing resource scarcity and 
distributional demands, and when economies, production systems and lifestyles must be 
transformed. In the project we tried to connect the development of agriculture with the wider 
societal and policy goal of vibrant and prosperous rural areas.  

RETHINK used a holistic approach encompassing measures of productivity, value-added, 
income generation, natural resource use effectiveness, resilience, maintenance of ecosystem 
services, provision of public goods and, not least, well-being in rural areas. The conceptual 
and analytical frameworks applied build on the results obtained in a large number of EU-
funded research projects: MULTAGRI and TOPMARD emphasised the multifunctionality of 
rural areas and the central role of farming in the provision of public goods (Cairol et al., 2009; 
Bryden et al., 2011). In our analysis, farming is conceptualised as being part of a set of 
systems spanning several spatial scales and including agro-ecological, economic and 
political-social domains. Within such a complex system, farm sustainability can only be 
achieved through adaptability and change. The analysis explicitly recognises the complexity 
of challenges, the diversity in situations and the multidimensionality of strategies and ways 
forward.  

In the paper, I use the 14 case studies of the RETHINK programme as illustrative examples 
when discussing conflicting goals and potential synergies between farm modernisation and 
well-being in rural areas. The examples focus on alternatives in farm management, production 
systems, markets and supply chains. They illustrate different ideas about progress, modernity 
and modernisation. In the discussion, I emphasise that we can shape change in positive ways. 
When doing that I refer to some of the comparative analyses.3 I conclude the paper with 
implications for future policy and research, emphasising the important role of social capital 
and of more holistic, inclusive approaches in a more balanced development.  

Key insights obtained in the 14 case studies  
Table 1 provides for each of the 14 cases a brief characterisation of the way that practitioners 
define agricultural and rural development in new ways. The information provided is just 
indicative of the key findings in the case study reports.4  

                                                      
2 For more information, all case study reports, a policy brief, etc. see www.rethink-net.eu. 
3 A set of papers with the comparative analysis will be published in the coming months. 
4  All case study reports, short profiles and case study posters can be downloaded at: http://www.rethink-
net.eu/case-studies.html  
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Table 1. Key insights obtained in the 14 case studies related to the redefinition of 
modernisation  

 Case study How practitioners (re)define agricultural and 
rural development 

Key resilience and 
prosperity outcomes 

AT Organic farming 
and resilience 

Farmers in the Austrian case focus on economies 
of scope and niche markets. They search for new 
business models, and pursue ideas that allow 
them to use their skills and knowledge in creative 
ways. Farmers take responsibility for the 
economic destiny of their farms, which sets them 
apart from those that feel powerless in the face of 
global markets and resentfully dependent on 
direct payments. While the business might grow 
from ‘micro’ to ‘small’, they do not aim for further 
growth or mass production. They are more likely 
to network with others and search for social 
innovations and novel cooperation models, e.g. 
with chefs in restaurants or hotels that emphasise 
the uniqueness of the region. 

Reflective rethinking, 
questioning both 
tradition and modernity, 
seeking to go beyond 
both, while preserving 
those elements that 
serve their purpose are 
key features in the case 
study. Farmers follow a 
territorial understanding 
of their activities, 
seeking cooperation 
with others in the region. 

BE New forms of 
governance in 
landscape 
development 

Land used for agriculture is the only qualitative 
open space left and maintaining the quality of this 
open space is a priority for the quality of life in the 
area. The governance mechanism adopted allows 
farmers to be managers of high quality open 
spaces without compromising their incomes. With 
shared efforts, the farmers, companies and 
inhabitants collaborate in the development of 
‘their’ landscape. 

The voluntary 
cooperation of farmers, 
companies and 
inhabitants in this case 
is a key success factor.  

CH Sub-urban food 
production 
systems in a 
Swiss 
agglomeration 

Most initiatives examined in the case study 
represent alternative systems or models of food 
production, paying stronger attention to social, 
human and community development processes. 
Relationship building with consumers and 
networks, participation and space for knowledge 
sharing are key. Capacity building for productive 
cooperation among farmers and processors is a 
key success factor as well as knowledge and 
experience sharing and mutual learning. 

Social value creation 
and awareness among 
consumers concerning 
local agriculture, 
farming, farm household 
realities and territorial 
development. 
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 Case study How practitioners (re)define agricultural and 
rural development 

Key resilience and 
prosperity outcomes 

DE Opportunities for 
creating an eco-
economy 

‘Rethinking’ the modernisation of farms and rural 
areas in this case refers to valorising renewable 
resources in ways that are adapted to regional 
conditions. New forms of governance and new 
actor network constellations play a vital role. On-
farm bio-energy activities and bio-energy villages 
aim at establishing smaller-scale distributed 
systems. Key determinants are the kinds of 
technology, the investment capital needed and 
suitable forms of governance for managing cross-
sectoral linkages. Key actors prove to be capable 
of recognising regional potentials, and they are 
open for novel approaches to securing the future 
of ‘their’ region. 

Bio-energy activities 
foster diversity at the 
level of farms, the 
agricultural sector and 
the regional economy. 
Local farmers and other 
rural actors aim at 
opening up a future 
perspective for their 
region. Pilot 
programmes were found 
to be important 
catalysts. 

DK Landscape 
strategy making 
and agriculture 

For several decades, agricultural modernisation in 
Denmark has meant concentration, specialisation 
and industrialisation of agriculture. Production has 
as a result largely been concentrated on few, 
large farms that are increasingly separated from 
rural communities. The importance of non-
agricultural residential, recreational and ecological 
functions is increasing in importance in territorial 
decision-making. Collaborative strategic decision-
making and planning on a local scale can 
contribute to communities that are more resilient 
and counteract the decoupling of agricultural 
businesses from the landscape.  

Local actors perceive 
learning as social capital 
building. Through a 
collaborative landscape 
strategy-making process 
farmers can learn to 
adapt to new knowledge 
about the functionality of 
landscapes as well as 
reshape their internal 
relationships. 

ES Innovation and 
social learning 
in organic 
vegetable 
production in the 
Region of 
Murcia 

The Camposeven producer association is based 
on cooperation, trust and transparency, and on 
prioritising quality over quantity. These pillars 
have allowed adapting to a complex and highly 
competitive market context. Camposeven is 
known for its good practices and for pioneering 
organic farming systems. The collaboration with 
other companies and the research group 
GESPLAN of the Technical University of Madrid 
aims at developing professional practice, 
connecting knowledge and action through joint 
projects. The case study stresses the value of 
experiential knowledge and joint learning. 

Governance, knowledge 
and learning are 
perceived as tools for 
increasing prosperity 
and resilience. 
Camposeven members 
have become more 
autonomous, 
experimenting on their 
farms, sharing ideas and 
providing mutual 
assistance.  
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 Case study How practitioners (re)define agricultural and 
rural development 

Key resilience and 
prosperity outcomes 

FR Transitions 
towards 
ecological 
production 

The ability to combine long-term vision and short-
term opportunism are strongly developed in the 
Drôme Valley. Stakeholders from farming, 
marketing, processing and retailing sectors, 
advisory services, public policies and civil society 
have a collaborative attitude and a long 
experience of multi-actor projects to foster the 
territorial agri-food system. Prosperity and 
resilience are both associated with diversity and 
diversification in products, in marketing channels 
and in sometimes in production modes (organic, 
conventional, geographic indications etc.). Direct 
links to consumers and sometimes to school 
canteens are seen as rewarding by farmers. 

Younger farmers 
connect prosperity much 
more than their 
predecessors with 
quality of life and well-
being. Autonomy in their 
daily work and in their 
relationship to the 
market, coherence with 
their values and their 
personal ‘project’ are 
important. 

IE Farmer adoption 
of a new nutrient 
management 
technology 

Ireland is the largest beef exporter in Europe and 
the 10th largest dairy export nation in the world. 
Approximately, 90% of beef output and 85% of 
dairy output are exported and there is a plan to 
increase milk production by another 50%. 
Achieving this expansion without compromising 
environmental quality poses a significant policy 
challenge. Efficient farm and field level 
management of nutrients has consistently been 
found to be an optimal strategy in the 
management of environmental risk from 
agricultural production. 

Optimal use of 
expensive fertiliser has 
the potential to deliver a 
double dividend of 
reduced nutrient loss to 
the wider aquatic 
ecosystem while maxi-
mising economic returns 
thereby making farms 
more resilient to external 
shocks as well as 
regulation that is more 
stringent. 

IL Rural innovation 
in global 
fluctuation: The 
Arava region 
case study 

The Arava case demonstrates the ambivalent 
correlations between farm modernisation, regional 
resilience and rural development. A decade ago, 
the Arava farmers thrived economically. However, 
over the past few years they have experienced a 
growing crisis as most farms grow pepper 
(capsicum) and world market prices collapsed. 
Overall, the region produces about 60% of the 
total Israeli export of fresh vegetables - mainly to 
Europe, Russia and the US - with minor 
distribution in the local market. The recent crisis 
has placed a strong demand for finding either “the 
next pepper” or new economic directions 
altogether. One idea is to approach 
pharmaceutical and biotechnology companies that 
use certain kinds of plants that the region is 
especially suitable for growing and establish 
completely new regionally based supply chains. 

Arava R&D looks for 
new ways to 
commercialise the 
region’s unique 
knowledge in farming, to 
adopt new types of 
agricultural activity, to 
support new local 
entrepreneurships, and 
to bring in new investors 
that may help scale up 
the region’s business 
activities. The aim is to 
create new partnerships 
that contribute to value-
added generation and 
employment in the 
region. 
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 Case study How practitioners (re)define agricultural and 
rural development 

Key resilience and 
prosperity outcomes 

IT Extensive pig 
production 
systems 

The Cinta Senese breed represents Tuscan 
traditional farming, and its products are perfectly 
integrated into the regional gastronomic tradition. 
Unlike in intensive indoor farming, pigs are reared 
in open agricultural and/or forestland. Extensive 
and outdoor systems are also common in other 
European countries like Spain, Portugal, UK, 
France and Hungary. Successful initiatives for 
high quality pork products require an effective 
cooperation of all actors along supply chains, in 
this case pig farmers, breeders, fatteners, feeding 
companies, slaughterhouses, processors, 
advisors, butchers, multiple retailers and 
restaurants. Direct marketing, organised groups of 
consumers, agri-tourism farms and clear rules for 
the preservation of the typical landscape play a 
central role. 

Quality of life in rural 
areas is linked to a 
social life characterised 
by networks, shared 
norms and expectations 
that facilitate the ability 
to get things done 
collectively, and a sense 
of belonging. 
Multifunctional 
agriculture is perceived 
as the backbone of 
agriculture in Tuscany. 

LT Resilient 
farming systems 
and market 
differentiation 

Nearly three-quarters (2010) of Lithuanian farms 
larger than one hectare are semi-subsistence 
farms with an economic output of less than €4,000 
per year. Among small farms, a flexible use and 
re-use of resources, and strategies that are based 
on the available local social and natural resources 
prevail. Farmers' markets that promote the 
consumption of local products are becoming more 
and more popular. One of the reasons why 
farmers are only to a limited extent engaged in 
farm-based processing and direct marketing is the 
lack of technological, marketing and 
communication knowledge. 

Food markets in 
Lithuania are becoming 
more differentiated and 
a fast growing number 
of consumers give 
priority to healthy, 
authentic and 
environment friendly 
produced food.  

LV Small farm 
development 
strategies 

Small farms, which compose up to 90% of all 
farms in Latvia, are facing various long-term 
political, market and socio-demographic 
pressures, and their number is constantly 
declining. Diverse practices of small farmers 
ensure not only their own existence and 
development but, in their own interest, also aim at 
contributing to viable rural communities. Small-
scale farming is seen as an alternative form of 
modern sustainable agriculture. Diversity opens 
up varied paths for modernisation, especially if 
contemporary societal needs and demands like a 
sustainable provision of food, the maintenance of 
rural livelihoods and environmental conservation 
and sustainable growth are considered. 

The case study 
illustrates the multi-
faceted and long-term 
character of prosperity, 
where farmer, farm, 
community and territory 
are interconnected. 
Farmers interpret 
prosperity in terms of 
family well-being, a 
sufficient level of 
income, the freedom to 
organise one’s life and 
work, the reproduction 
of natural resources and 
the contribution to 
community well-being. 
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 Case study How practitioners (re)define agricultural and 
rural development 

Key resilience and 
prosperity outcomes 

SE Peri-urban 
agricultural 
transformations 
in Gothenburg 

The transformation of and contemporary 
conditions for farming in a peri-urban area is an 
increasingly important issue. Gothenburg provides 
an illustration of the transformation from a rural 
agricultural landscape with mixed farming systems 
including livestock and arable production of food 
for the nearby urban market into a peri-urban 
landscape with strong imprints of urbanisation. 
Agriculture has to accommodate leisure demands 
and facilities for the urban population. The 
demand for land for housing increases pressures 
on farmers. A counteracting force is the 
municipality strategy of fostering sustainable 
livelihoods that includes agricultural activities for 
local food production and cultural landscapes. 

The importance of 
different types of 
ecosystem services 
demanded in particular 
in peri-urban areas has 
changed from mainly 
provisioning services to 
mainly cultural services.  

TR Resilience and 
competitiveness 
of small 
ruminant farms 
in Isparta 

The small ruminant sector is traditionally and 
socio-economically important for most of the 
western Mediterranean region in Turkey. Goat 
and sheep production is based on extensive 
grazing and the shepherds are generally the herd 
owners. Farms still use traditional methods, and 
the family workforce is the dominant resource. 
Most of the farmers have taken over from their 
families and they have been involved in farming 
since they were children. Recently however they 
do not want their children to take over their 
businesses, and young people tend to find jobs in 
urban areas.  

The use of new 
technologies is expected 
to reduce workloads and 
increase the welfare 
level of families and 
their involvement in 
social life. Farms that 
use milking machines 
have a higher 
productivity with better 
milk quality, more 
leisure time and a higher 
family income. 

Source: own compilation based on RETHINK case study reports (see: http://www.rethink-
net.eu/) 

Discussion: alternatives in farm management, production systems, markets and supply 
chains 
Most of the 14 case studies feature incremental, socially embedded and localised forms of 
development. Almost all are different from the conventional capital-intensive and technology-
driven model of agricultural modernisation that predominates in policy and in the formalised 
agricultural knowledge system. In all cases a more integrative systems perspective can be 
recognised that focuses on interrelationships and on interrelated change dynamics. 

Progress, modernity and modernisation 
The idea of progress implies that advances in technology, science, and social organisation 
inevitably produce an improvement in societal conditions. The discernible assumption is that 
a society can raise its quality of life and foster economic development through the application 
of science and technology. The role of the 'expert' is to help overcome hindrances that slow 
progress. 
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Modernisation in this sense is perceived to contribute to 'progress'. The modernisation of 
European farming in the 20th century freed up a significant proportion of the workforce and 
eliminated drudgery. It was also connected with major increases in productivity, leading to the 
satisfaction of European food demand and, at times, sizable surplus production. On the 
negative side of the specialisation, intensification and scale enlargement of agriculture are 
monotonous production landscapes, a disproportionate use of natural resources (in particular 
fossil fuels), an increase in emissions and a standardisation of food qualities. At another level, 
we can see a concentration of farming in lowland plains and or regions with better access to 
(imported) feed, fertilisers or markets, and a marginalisation of other, normally less favoured 
areas.  

Our observations of reorientation and change are not surprising as European agriculture and 
rural areas as a whole are being confronted with enormous challenges and need to 
accommodate a variety of demands (IAASTD, 2009; SCAR, 2011; EC, 2011; Knickel, 2013). 
Many of those pursuing alternative strategies tend to see these challenges and demands as 
opportunities for products with particular qualities, new services and new functions (Knickel et 
al., 2004). A telling example is the German case study that focuses on the necessary transition 
of industrialised country economies towards resource-efficient and climate-friendly production 
and consumption systems.  

Interrelations between agricultural change, rural development and resilience 
The last decades have – in spite of the particular support provided to less favoured areas – 
seen a very substantial polarisation of agricultural structures in Europe. Given the increasing 
demands for a more balanced regional development, both the intensification of agriculture in 
favourable areas and the simultaneous desertification of marginal areas are problematic.  

How then can a different pattern of change contribute to a more balanced development and 
well-being in rural areas? Cairol et al. (2009) emphasised the multifunctionality of rural areas 
and the role of farming in the provision of public goods. The findings of this research have 
been confirmed in a major IEEP study on the provision of public goods through agriculture 
(Cooper et al., 2009). Olsson et al. (2011) showed that biological diversity is crucial for both 
rural viability and agricultural activities. The transformation of public goods in the rural 
economy was the focus of research led by Bryden et al. (2011). Von Münchhausen et al. (2010) 
and Milone and Ventura (2010) emphasised the central role of social capital and of less 
tangible factors in the dynamics of rural areas. From these different studies, it seems clear 
that rural prosperity is not just a question of economic performance, and that it is not only 
connected with agricultural production.  

Agriculture in particular is characterised by close links between social and ecological systems. 
Technological change has therefore, probably more than in any other sector, major 
repercussions on the organisation of production, the natural environment and, in the long term, 
farm and rural structures. The introduction of tractors and of mineral fertiliser has both led to 
far-reaching changes in production systems and agricultural structures. Mineral fertiliser led 
to major increases in the productivity of land while increasing greenhouse gas emissions and 
the dependency from fossil fuels. Both the low cost of fossil fuels and the labour demand in 
other non-agricultural sectors have decreased a lot in the past years – maybe changing the 
game again.  
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Change can be shaped in positive ways! 
Factors that will influence the further development of European agriculture and of rural areas 
include likely demographic changes, the further evolution of food systems and of urban-rural 
relations, anticipated trends and perspectives in biotechnology, biomass energy and bio-
based products, and issues revolving around resource depletion. The concepts of multiple 
modernities (Fourie, 2012) and resilience pathways (Wilson, 2013) can help to explore 
alternative futures. For example, the bio-based economy has been suggested as a smart way 
to overcome resource constraints and to make production systems more sustainable. There 
is of course also the risk that the related structural changes might aggravate the concentration 
of power in up- and downstream industries and increase dependencies. 

New opportunities can easily be missed if not planned and implemented in beneficial ways. 
Peter et al. (2015) emphasise that the necessary transition towards climate-friendly production 
systems can provide completely new opportunities to farmers and rural areas – if shaped 
accordingly. The authors contrast the high flying bioeconomy concept with the vision – and 
reality! – of an eco-economy that might be characterised by the principles of a steady-state 
economy, new multi-actor networks, and embeddedness and value capture at local and 
regional level thus providing new income sources and jobs at farm-level and within rural areas 
(Marsden et al., 2011; Knickel, 2013).  

Conclusions 

Implications for policy  
Policy can have a major influence on agricultural structures and production patterns. An 
example is the increasing capital-intensity of farming that has at least partly been supported 
through policy, for example agricultural investment support. An unintended side effect is that 
it has made many farmers more vulnerable. Indebtedness and dependencies from banks and 
agro-industry are very high in countries where agriculture is perceived as particularly 'modern' 
(Knickel, 1994). Many farms have become highly path-dependent because of the large 
amounts of money invested in particular lines of production, production systems and 
technologies, and the resulting narrowing of management options. Adaptive capacity, the 
efficiency of the use of natural resources and favourable higher-level system combinations 
such as between low-intensity farming systems and landscape amenity, in contrast, appear 
very much undervalued. 

Agricultural and rural development frameworks need to be more flexible leaving more space 
for very different structural, natural, social, cultural and economic conditions. The disparities 
between countries with different backgrounds and traditions are an example. Some countries 
like the Netherlands, Belgium or Denmark have for a long time had very high levels of 
agricultural investment. Other countries like Lithuania and Latvia and most eastern European 
member states lack investments. Present EU support is trying to rebuild earlier structures 
based on the assumption that private ownership is going to take care of everything. The 
problem is that policy instruments that proved effective in the old EU member states might not 
provide the kind of support needed in these very different situations (Dwyer et al., 2012; 
Davidova et al., 2013) and in consideration of future challenges (Knickel, 2013). 

Currently, there is a lack of more appropriate, future-oriented development frameworks. 
Traditional and local knowledge tends to be undervalued in current innovation systems and 
policies. Inappropriate policy instruments sometimes diminish the role of local knowledge. Von 
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Münchhausen et al. (2010) and Koopmans et al. (2016) argue that new forms of governance 
and collaboration are needed in order to face the multiple crises to production, consumption 
and sustainability. I like to add that these new networks should be understood as learning 
vehicles towards more sustainable production systems and consumption. Brunori et al. (2013) 
rightly argue that the goal of sustainable agriculture implies a systemic change: learning and 
innovation networks can develop innovative patterns of production by generating new know-
ledge. Innovation partnerships and development networks must be motivated by a common 
cause and need to involve practitioners on a par with researchers.  

The challenge for administrations is to find ways to enable motivated individuals and civil 
society action. Focus should be on supporting future-oriented investments that maximise 
added value within agriculture and rural areas. Rediscovering the value and potential of 
smaller-scale structures and boosting collaborative innovations is in many areas an important 
part of that. Administrations need to level the playing field where capital-intensive sectors 
dominate. Many grassroots initiatives have relevant experiences. The main challenge for the 
formal knowledge and innovation system comprising education, research and advisory 
services is to be open-minded and responsive.  

Future research challenges: shaping (agricultural) development 
RETHINK emphasises the need for more holistic and more inclusive development concepts. 
Each case examined can be seen as an expression of innovative development trajectories, 
highlighting potential synergies between farm modernisation and sustainable rural 
development. 

In the last years, we can actually see new relationships evolving among state, business, civil 
society and the individual. The more recent agricultural, rural and research policies encourage 
institutions and networks that are able to combine different types of knowledge and experience, 
and learn. Šūmane et al. (2016) emphasise that these new networks tend to be more effective 
in shaping future development. Other attributes favouring a positive development are 
responsive governance structures, and flexibility in decision-making processes and problem-
solving (Koopmans et al., 2016).  

Future research needs to focus on more effective support mechanisms for alternative 
modernisation trajectories and resilience pathways. Issues like the role of agency and of 
enabling institutional structures, the factors that encourage the creation of synergies in 
agricultural and rural development, are to be explored. Local capacities for transdisciplinary 
research need to be strengthened to support local-level decision-making in public and private 
sectors. In an ideal situation, the agricultural knowledge and innovation system is well 
connected with local knowledge and farmers networks (Röling & Jiggins, 1998; Moreddu & 
Poppe, 2013; Šūmane et al., 2016). 
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Abstract: This paper proposes that a baseline analytical framework approach is a necessary 
starting position and point of reference for developing default customised indicators of 
sustainable agriculture and rural well-being. Rural well-being addresses multiple issues 
including social/cultural, economic and environmental contexts. Sustainable Agriculture 
practices are increasing as Industrial Agriculture becomes less acceptable. Rural women, 
minorities, and the elderly have been the most significantly impacted by these changes. The 
United States (US) and the United Kingdom (UK) have taken positions on these transformative 
rural issues discussed herein. For these reasons we propose a set of fundamental indicators 
of rural well-being in the context of evolving agriculture and rural communities’ sustainability.  
We will also discuss a sampling of evolving models of exemplar sustainable agriculture and 
rural community partnerships from the United States and the United Kingdom. The United 
States Department of Agriculture is “committed to helping improve the economy and quality of 
life in rural America” primarily through loans and subsidies (USDA, 2015). The Sustainable 
Agriculture Research and Education (SARE) organisation is dedicated to supporting 
sustainable agriculture and sustainable rural communities. The SARE vision is “an enduring 
American agriculture of the highest quality that is profitable, protects the nation's land and 
water and is a force for a rewarding way of life for farmers and ranchers whose quality products 
and operations sustain their communities and society”. (SARE, 2016). The United Kingdom 
government and non-government agencies have taken a more holistic approach to rural well-
being in their efforts to achieve a more balanced social-economic-environmental state of rural 
well-being. The UK interpretation of Community Supported Agriculture (CSA) is a tested 
example of this sustainable approach to fostering rural well-being (Saltmarsh et al., 2011).  To 
conclude, common generic indicators will be identified in selected models from the US and 
UK contexts, which can potentially produce positive impacts, supportive of sustainable 
agriculture, rural community resilience and rural well-being.  
 
Keywords: Indicators, rural well-being, sustainable agriculture, resilience, United Kingdom, 
United States. 
 
Introduction 
This paper compares and contrasts approaches to models of rural well-being in the United 
Kingdom and United States. Issues including social/cultural norms, economics and 
environment will be addressed. Sustainability indicators of rural well-being will be drawn and 
substantiated from this review and dialogue.  
 
Rural well-being is impacted by location and is gender-specific. We define well-being in this 
paper as achieving a sustainable balance of social, economic, and environmental resilience. 
Contextually speaking the United Kingdom (UK) and United States (US) geographic contexts 
include a diverse range of terrains and climate including coastal landscapes, rolling hills, 
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forests, rocky uplands and mountains. Rural well-being is significantly impacted by location. 
Proximity of rural locations to urban areas has a strong positive or negative influence on 
degree of well-being in rural areas of the UK and US. For example, urban development is 
fuelled by increases in population. Population increase often requires urban development and 
expansion out into rural areas (Smith, 2015).  
 
The spread of urban growth out into rural areas significantly impacts women, individuals and 
families, and minorities living below poverty level, for example, due to increased employment 
opportunities on the one hand and increased costs of living on the other. Rural locations 
typically bear the brunt of social/economic impacts due to economic fluctuation. In comparison, 
urban areas are generally more resilient and less negatively impacted by economic 
fluctuations (USDA, 2015).  Rural women, minorities, and the elderly are the most significant 
sector of the population impacted by these issues. Local and regional environmental factors 
range from seasonal weather (snow, rainfall and drought) to soil contamination, deforestation 
and flooding.   Statistics show that women, minorities, and elderly rural dwellers are especially 
impacted by these natural occurrences (UN Inter-Agency Task Force on Rural Women, 2012).  
 
 
Historical perspective on the agri-environment schemes in the US 
In the early 20th Century agriculture in the US was beginning to transform from small rural 
farms to Industrial Agriculture. In the early 1920s farmers saw several opportunities for 
increasing their production. New technology and crop varieties were reducing the time and 
costs-per-acre of farming, which provided a great incentive for agricultural expansion. This 
expansion was also necessary to pay for expensive, newly developed equipment (such as 
listers and ploughs), that was often purchased on credit, and to offset low crop prices after 
World War I (National Drought Mitigation Centre, 2016). 
 
In October 1929 the stock market collapsed leaving farmers with significant debt and fewer 
buyers for the products of their hard labour.  Following the1929 stock market crash the Great 
Depression began in 1930 and continued through the decade until shortly before World War 
II. During the 1930s The Dust Bowl covered the entire west and mid-western Plains. The Dust 
Bowl drought of the 1930s was one of the worst environmental disasters of the twentieth 
century anywhere in the world. Three million people left their farms on the Great Plains during 
the drought and half a million migrated to other states, almost all to the West (Cook et al., 
2009). The Dust Bowl was caused by deficient rainfall, high temperatures and high winds in 
combination with the predominant farming system. Additional insect infestations and dust 
storms further complicated this crisis. The agriculture depression contributed to the Great 
Depression’s bank closures, business losses, increased unemployment, and other physical 
and emotional hardships (National Drought Mitigation Centre, 2016).  
 
During the 1930s’ decade the combined occurrences of the 1929 stock market crash, the 
Great Depression, and the Dust Bowl had a significant impact on rural well-being and rural 
communities across the United States. Many once thriving rural communities were lost forever. 
During the 1930s catastrophic environmental damage occurred, large numbers of farmers and 
their families had to sell their farms at historically low prices, resulting in homelessness for 
many. The devastating impacts of these events were felt throughout the country. Rural 
communities played a key role in supporting agriculture in the 1930s and continue to support 
sustainable agriculture in the 21st century e.g. by providing local services including venues for 
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sale of agriculture products. Rural communities are impacted strongly by environment and by 
agricultural productivity, be it positively or negatively.  
 
The agri-environmental movement in the US commenced with the Agricultural Adjustment Act 
of 1933 and the Soil Conservation Act of 1935. In the US the first Farm Bill, the 1933 
Agricultural Adjustment Act (PL 73-10), addressed environmental issues of significant 
relevance to agriculture in America during the Great Depression. Two years after the 1933 
Agricultural Adjustment Act was implemented the Federal Government also passed the Soil 
Conservation Act of 1935 (PL 74-46), which established the Soil Conservation Service and 
made funding available for farmers who embraced soil conservation practices. (Cain, Zachery, 
and Stephen Lovejoy, 2004). The legacy of these two Agriculture Acts lives on today as the 
foundational principles of agri-environmental farming.  
 
Agri-environment schemes in the UK 
Since the late 1980s within Europe it has been recognised that support for production-oriented 
agriculture is insufficient to maintain biodiversity and rural well-being in many areas. 
Consequently, there has been growing support for measures that encourage the maintenance 
of a resilient and bio-diverse environment, which will maintain ecosystem services.  These 
measures are applied on a voluntary basis by farmers who wish to enhance biodiversity on 
their farm and contribute to wider societal wishes for positive environmental enhancement that 
could be achieved through farming and rural development.   

The measures include: intensification of farming, low intensity grazing systems, integrated 
systems management and organic farming, preservation of hedgerows, ditches and 
woodlands and conservation of high value habitats and their associated biodiversity.  The 
application of these measures can lead to very significant benefits to the environment and to 
sustainable rural livelihoods. (Pagella et al., 2013)  Agri-enviromental schemes have been 
applied with a considerable degree of variation and flexibility within different EU countries. The 
UK is no exception, with significant variations occurring between England, Scotland, Wales 
and Northern Ireland.  However, there has been little formal monitoring and evaluation of the 
effectiveness of agri-environmental schemes until recently (Dwyer et al., 2005). This review 
anticipated the increasing importance of agri-environmental measures as part of the revised 
CAP reforms between 2014 and 2020 that are discussed below.  

 

Indicators for sustainable agriculture and sustainable rural livelihoods 
In the US the term ‘sustainable agriculture’ is broadly defined. There is significant evidence of 
sustainable agriculture practices (also referred to as ‘alternative agriculture’) dating back to 
the mid-19th century. There are many variations and permutations of sustainable agriculture. 
Many of these ‘sustainable’ agriculture approaches exhibit similar common principles and 
practices that can provide indicators of sustainable agriculture and rural livelihoods. The 
United States National Sustainable Agriculture Coalition states that sustainable agriculture “as 
legally defined in US Code Title 7, Section 3103 refers to an integrated system of plant and 
animal production practices having a site-specific application that will over the long term satisfy 
human food and fibre needs”. These site-specific applications include: 
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 Enhancing environmental quality and the natural resource base upon which the 
agricultural economy depends; 

 Making the most efficient use of nonrenewable resources and on-farm resources and 
integrate, where appropriate, natural biological cycles and controls; 

 Sustaining the economic viability of farm operations; 
 Enhancing the quality of life for farmers and rural community societies as a whole. 

(National Sustainable Agriculture Coalition, 2016.) 
 
The basic goals of sustainable agriculture as practised in the United States include achieving 
and sustaining environmental health, economic profitability, and social and economic equity 
(sometimes referred to as the ‘three legs’ of the sustainability ‘stool’). Sustainability rests on 
the principle that we must meet the needs of the present without compromising the ability of 
future generations to meet their own needs.  Therefore, stewardship of both natural and 
human resources is of prime importance. Stewardship involves taking care of the land, 
supporting sustainable economies, and preserving/enhancing natural resources, community 
resilience and health of the environment.  
 
Another characteristic of agricultural sustainability is the systems approach, which in its 
broadest sense is based on establishing direct, seamless connections from local farms to rural 
communities in a manner respectful of surrounding environmental contexts and the 
enhancement of ecological integrity. A systems approach is based on the ecosystems model 
as a foundational principle of sustainable agriculture and the interconnections between 
farming and other aspects of our environment. Sustainable agriculture is fundamentally a 
process. All participants in the system, including communities, farmers, labourers, policy 
makers, researchers, retailers, and consumers must adhere to the systems approach for this 
sustainable systems process to succeed.   
 
Van Cauwenbergh et al. (2007) observe that sustainable agriculture lacks a generic framework. 
They emphasise “in agriculture, unlike forestry, remarkably few efforts have been made to 
develop a generic, conceptual framework of principles, criteria and indicators (PC&I) of 
sustainable agriculture”. SARD Agenda 21, Chapter 14, Section 14.2. proposes that “major 
adjustments are needed in agricultural, environmental and macroeconomic policy, at both 
national and international levels, in developed as well as developing countries, to create the 
conditions for sustainable agriculture and rural development”.  
 
The major objective of Section 14.2 was and still is to “increase food production in a 
sustainable way and enhance food security”. In order to accomplish these goals indicators of 
positive or negative outcomes will be required. Agenda 21 emphatically states “this will involve 
education initiatives, utilisation of economic incentives and the development of appropriate 
and new technologies, employment and income generation to alleviate poverty, and natural 
resource management and environmental protection” (Johnson, 1993).  
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Table 1. Examples of United States sustainable agriculture goals (USAID, 2014) 

 
Sustainable agriculture goals broadly encompass: 
 
 Improving soil quality while reducing erosion, salinization and other forms of 
degradation to achieve greater resilience to drought, better fertiliser efficiency and 
reduced greenhouse gas emissions; 
 Minimising the use of pesticides and herbicides by applying practices including 
integrated pest management, crop rotation and crop diversification; 
 Employing environmental management systems to ensure proper treatment of solid 
waste, manure and waste-water; 
 Ensuring the safe storage, application and disposal of agricultural chemicals; 
 Maintaining habitats to support wildlife and conserve biodiversity. 

 
 
 
Sustainable agriculture needs to be economically viable and sustainable to survive and 
prosper. Economic success depends on informed sustainable agriculture management. 
Sustainable education can change attitudes and outcomes of farm operators and the 
consumers of agricultural produce in supporting sustainability of agriculture and rural 
communities. One way to change attitudes is to facilitate dissemination of sustainable 
agriculture information by making available understandable, applicable and usable 
sustainable agriculture principles, criteria and indicators supporting sustainable agriculture 
and rural communities. These principles, criteria and indicators could also facilitate 
identification and documentation of the appropriate pedagogical approaches for delivering 
such information.  
 
An assessment of a wide range of indicators of sustainable agriculture and, by implication, 
rural community sustainability makes the case that there are generally two sets of 
sustainability indicators i.e. micro sustainability indicators and macro sustainability indicators. 
Micro indicators are site-specific and targeted at local and regional-scale agriculture (Jackson 
et al., 2000). Macro indicators are intended to be nationally or internationally applicable 
(Dariush Hayati et al., 2011). We believe that by focusing on sustainable agriculture macro 
principles, criteria and indicators development at the international level we can produce the 
most impact through influencing and supporting development of more effective default 
baseline micro indicators at the regional and local level. 
 
In support of this effort, the Food and Agriculture Organisation of the United Nations, provides 
this disclaimer for their publication titled “SAFA Indicators“, clarifying that “the SAFA default 
indicators are applicable at the macro level – meaning to all enterprise sizes and types, and 
in all contexts. However, default indicators of such a universally applicable tool can only 
contain the frame for the rating scale. SAFA provides such indicators for users who do not 
necessarily have the knowledge to develop indicators themselves without the risk of lowering 
the bar of the assessment” (FAO, 2013). We propose a set of macro-level indicators of 
sustainable agriculture as a default baseline and a method of providing knowledge for users 
of sustainable agriculture indicators. These macro-level indicators are discussed in more detail 
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below. The objective is that developing and testing principles, concepts and theories of 
pedagogy supporting sustainability in agriculture and rural communities will provide 
opportunity to empower users with the skills to develop their own indicators of rural 
sustainability in general and rural well-being in particular.  

Moving from a productionist to a more systemic perspective in farming systems and a concern 
for sustainability has led to the formulation of more and more complex frameworks for the 
analysis of the sustainability of agricultural and rural livelihood systems. Sustainability, as 
defined in Agenda 21, has ecological, social and economic objectives and recognises the 
importance of understanding the nature of multifunctionality within farming systems.  Many 
authors concerned with developing frameworks for the assessment of sustainability have 
explored the great variety of contexts in which they might be applied and have moved from 
earlier, relatively uncomplicated, frameworks with limited numbers of individual indicators, to 
indicator groups (EU, 2001; Bell & Morse, 2008).  

Rao and Rogers (2006) explore a systems approach to assessing agriculture in order to 
integrate the multi-dimensional goals of sustainable agricultural development and identify how 
sustainable agriculture can underpin sustainable livelihoods. They adopt a definition of 
sustainable agriculture based on one provided by Tilman et al. (2002): “Sustainable agriculture 
is defined as a practice that meets current and long-term needs for food, fibre, and other 
related needs of society while maximising net benefits through conservation of resources to 
maintain other ecosystem services and functions, and long-term human development.” (Rao 
& Rogers, 2006, p. 441).  

In order to identify how to achieve an integrated approach that can accommodate the multiple 
dimensions of environmental, social and economic aspects of sustainable agriculture, Rao 
and Rogers first review three existing categories of assessment frameworks namely: 
environmental assessments; agro-ecosystems assessments; and sustainable rural livelihoods 
assessment, with a view to analysing the weaknesses and drawing on the strengths of each 
approach. Not surprisingly they find a lack of social and economic indicators in the 
environmental assessment approach, which limits the usefulness of these assessments in 
terms of sustainable agriculture. The focus within an agri-ecosystems’ approach on farm level 
activity raises the issue of an approach to assessing sustainable agriculture that is scalable, 
with appropriate indicators for different levels, whether they be global, national, regional, local 
or farm. This highlights one of the challenges of developing a systems based framework, which 
is identifying where the borders and boundaries reside (Bossel, 2001; Reed et al., 2005).  In 
looking at sustainable rural livelihood indicators Rao and Rogers draw on Chambers and 
Conway (1991) for a clarification of the term ‘sustainable livelihood’. “A livelihood comprises 
capabilities, assets (stores, resources, claims and access) and activities required for a means 
of living: a livelihood is sustainable which can cope with the recovery from stress and shocks, 
maintain and enhance its capabilities and assets, and provide sustainable livelihood 
opportunities for the next generation; and which contributes net benefits to other livelihoods at 
the local and global levels and in the long and short term.” (Rao & Rogers, 2006 p. 445) 

The sustainable rural livelihoods approach as presented by Rao and Rogers is underpinned 
by the five capitals’ model that has emerged over a period of time from the work of 
environmental economist Herman Daly. The breadth of the five capitals (natural, 
manufactured, human, social and financial) attempts to address the multi-dimensional nature 
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of sustainability by assessing increases and decreases within each capital. This approach was 
also widely used by the British Aid Agency, DfiD, for many years for analysis and as a 
constructive framework for developing country farming systems and rural livelihoods.  Perhaps 
its main weakness is the lack of acknowledgement of the importance of power and governance 
at local and regional levels, which SAFA (above) recognised.  

The five capitals model is scalable and capable of providing an initial qualitative assessment. 
As with any systemic approach the relationships between the elements of the model are of 
key importance and those relationships can be viewed in contrasting ways as demonstrated 
in Figure 1. This highlights the difference of perceiving the other four capitals as being 
ultimately dependent on natural capital. 

 

Figure 1.  Examples of alternative links between the five capitals 

The process of developing a more comprehensive framework that is both quantitative and 
qualitative and that draws on aspects of environmental assessment and agri-ecological 
assessment, requires attributing measurable values to the various capitals and identifying the 
movement in value between the capitals. This process results in a considerably more complex, 
in-depth analysis. 

Potential mainstream developments in Europe through the evolution of the 
Common Agricultural Policy (CAP) 
In Europe, following an extensive review over three years, a new agreement has been reached 
in which farmers are supported by a more integrated set of measures. There is now a new 
structure for support which should be better targeted, more equitable, greener and with 
support for rural development.  All this combines to enable member states to encourage the 
development of more sustainable agricultural practices through producer cooperation, better 
environmental performance through more sensitive production methods, greater equity, and 
special support for younger farmers and for small and medium sized farms (EU, 2013).     

Natural 

Manufactured Financial Human Social 

Natural Human 

Financial Social 

Manufactured 
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Initiatives outside the mainstream agri-environment schemes 

Since the shrinking of direct research funding through the Social and Natural Science 
Research Councils in the UK, many agricultural and related sciences researchers have looked 
toward the European Union (EU) for their main source of funding.  

For many years, the EU has strongly influenced agricultural research and rural livelihoods 
through the development of multi-agency and interdisciplinary research. The natural resource 
based projects and programmes are designed to encourage joint research initiatives across 
member states, which facilitate research capacity building and exchange visits on emerging 
themes of interest.  Some earlier EU funded research on natural resource management was 
designed to stimulate social learning among researchers, land managers and agency staff on 
a catchment scale (e.g. https://sites.google.com/site/slimsociallearningforiwm/home ). More 
recent research programmes have focused on learning and innovation networks with support 
for sustainable agriculture.  For example, the SOLINSA project involved 17 partners across 
Europe using transdisciplinary approaches based on participatory methods. The partners 
included 11 research institutions across 8 countries. (see www.solinsa.net and a series of 
papers in a special issue of the Journal of Agricultural Education and Extension 2015 e.g.  
Ingram et al., 2015) . All these programmes were based on the premise that more sustainable 
land management systems could evolve from learning networks between multiple resource 
users and actors who had different roles to play in the management of natural resources.  

 At a more local level in the UK, projects have emerged from the EU Rural Development 
Programme which have supported the establishment of partnerships of farmers, local 
communities, and environmental and natural resource management agencies in order to 
develop stronger local communities, improve their quality of life and the health and well-being 
of their landscape. One such project is the Clun Forest “Land Life and Livelihoods“ project, 
which has benefited 105 farming families and 334 participants. (Shropshire Hills AONB 
Partnership, 2007).  

There are also examples of projects and initiatives being established outside of any national 
or EU framework by individuals and community groups. The Denmark Farm Conservation 
Centre1 (DFCC), located between the Cambrian Mountains and the Ceredigion coast in West 
Wales, is an example of an agro-ecology project started by an individual, which has developed 
into a broader sustainability project and that has both ecological and educational dimensions 
and is embedded in a strong community network.  DFCC is a sixteen hectare holding, it was 
farmed until 1984 under the system that predominates in the area, which is based on 
improving grassland by introducing rye-grass (Lolium perenne) and maximising growth with 
the aid of chemical fertilisers. The effect of reducing the plant biodiversity is to also reduce 
other biodiversity, most noticeably birdlife. DFCC demonstrates how reducing high energy 
inputs allows diversity to re-establish itself at all levels. Extensive ecological monitoring over 
the years following a change in management of the DFCC site has shown how allowing an 
increase in plant diversity leads to a vast increase in invertebrate diversity. This in turn has 
seen a significant increase in species and total numbers of birds and other vertebrates, 
compared to the surrounding farmland, which can best be described as a ‘green desert’.  

                                                        
1 See: http://www.denmarkfarm.org.uk/about/biodiversity/  
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The practical experiences of DFCC have been used as a basis for training courses for 
landowners who wish to encourage biodiversity on their own holdings. The aim is not for every 
holding to be fully converted to the low level management system at DFCC, which is based 
on late summer hay making and late summer and autumn grazing, but for parts of farms to be 
managed in this way in order to establish wildlife corridors. Since 1987 DFCC has been 
managed by the Shared Earth Trust and has diversified its activities by providing a range of 
educational courses on various aspects of sustainable living alongside the ecology courses. 
The overall aim is to not only influence land owners, whose practice directly impacts on 
biodiversity, but also to influence consumers generally to understand how their lifestyles 
indirectly impact on the ecosystems that ultimately sustain life. DFCC is connected to and 
works in partnership with the local university (particularly in relation to ecology courses) and 
community organisations such as the local Transition Town Organisation, a community 
woodland and the Wildlife Trust. 

From a five capitals perspective, the ecological surveys provide data for a measurable 
increase in natural capital on the 16 hectare holding. Through the social capital of its network 
of community organisations and the increase in human capital through its education 
programme, DFCC’s aim is to increase natural capital on a wider scale. DFCC has developed 
its manufactured capital by installing a photovoltaic array and a biomass heating system and 
developing its buildings for training and accommodation, which all contributes to increasing 
financial capital, with the sole purpose of re-investing in natural and human capital. 

Another example that has established itself as a sustainable business outside of any national 
or regional support framework is the Real Seed Collection Company2 (RSCC) a commercial 
horticultural enterprise. Based in Pembrokeshire, South-West Wales, the RSCC is aimed at 
providing non-hybrid and non-genetically-modified seed to small-scale growers. The 
inspiration for establishing the Company was the decline in traditional varieties of vegetable 
seeds and the domination of large seed producers with a focus on a relatively small number 
of varieties, which are often hybrids designed to produce a single high yielding crop, but which 
require the purchase of new seed each year. The business model is unusual in that each 
packet of seed is accompanied by information on how the grower can save seed for the 
following year, which in effect is reducing the demand for new seed from the RSCC. However 
it does fulfill the aim of the Company to promote and spread the diversity of varieties, and to 
re-skill growers in terms of seed collection. In spite of the unusual business model the business 
has grown steadily since 1997 when the Company was established by two individuals and 
now has additional employees drawn from the local community. The Company also provides 
a model of how a commercial operation can apply sustainable principles to reduce its carbon 
footprint,  treat its staff on an equitable basis and  influence its customers to adopt sustainable 
practices. 

A cursory view of the Company from a five capitals perspective illustrates how the human, 
social, manufactured and financial capitals are all used in the broadly increased natural capital 
by increasing the diversity of non-hybrid seed varieties which have been in decline for several 
decades. The network of customers and the re-skilling of growers in terms of seed saving are 
the basis for this increase in natural capital. The focus on the ecological footprint of the 
company to minimise mechanisation and to provide employment to members of the local 

                                                        
2 See: http://www.realseeds.co.uk/about.html  
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community results from careful decision making in respect of manufactured capital and the 
desire to increase local social capital, while maintaining sufficient financial capital to develop 
the organisation. 

Conclusion 
The above comments represent very small fragments of a complex and evolving picture 
surrounding aspects of sustainability among farming and rural communities. In the US, the UK 
and the rest of Europe, farming communities have access to and are managing very different 
scales of farms and natural resources. They often have very different perceptions of the nature 
of sustainability in relation to farming and livelihoods. In the United States the scale of farming 
varies widely from vast cattle ranches to small farms and a slow growing presence of urban 
farming in its variety of forms. The US perception of the nature of sustainability in farming and 
livelihoods is more difficult to gauge, although one indicator is increased interest in organic 
farming over the last two decades.  

At a policy level, there is recognition that some sectors of the farming community (the young, 
the organic and those who are very sensitive to sustainable environmental management) have 
been neglected in the past and there is an attempt to rectify this through more sympathetic 
support measures and payments.  Such measures have been considered essential to counter 
heavily subsidised export strategies by many countries, including the US, that make it difficult 
for many smaller farmers in the EU to compete in world markets. There is also evidence that 
individuals can take action outside of policy frameworks and influence practices at local levels 
without the support of subsidies or incentives.  

The study and analysis of sustainability remains a difficult and elusive endeavor and the 
design of ever more complex analytical tools may or may not help future planning. That said, 
we offer a default baseline set of indicators of rural livelihood sustainability as illustrated in 
Table 2. To reiterate, Dariush Hayati et al., (2011) propose that there are generally two sets 
of sustainability indicators including micro sustainability indicators and macro sustainability 
indicators. Micro indicators are site-specific and targeted at local and regional-scale 
agriculture (Jackson, et al., 2000). Macro indicators are intended to be nationally or 
internationally applicable.  

Table 2. Proposed baseline macro-indicators 

 

Indicators 

 

 

Source of indicator 

1. Focuses on agriculture as a symbiotic 
socially, economically and environmentally 
based system 

Community Supported Agriculture (CSA) 
(UK/US) 

2. Optimises health of soils, plants, 
animals and people. Organic Agriculture 
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3. Uses ethics, design principles and 
locally adopted practices, to achieve equal 
ecological footprint 

Permaculture 

 
4. Enhances resilience, ecological, cultural 
and social/economic sustainability of farm 
systems. 

Agro-ecology 

 
5. Sustains environmental health, 
economic profitability and social and 
economic equity. 

National Sustainable Agriculture Coalition 

 

6. Provides suppliers and buyers with 
prices that reflect the true cost of the entire 
process of sustaining a regenerative 
ecological system, including support for 
the livelihood of primary producers, their 
families and employees.  

 
Fair trade and supply chain equity (SAFA: 
Sustainable Assessment of Food and 
Agriculture, FAO, 2013 p.185.) 

 

 

We believe that a framework of indicators for sustainable agriculture can only be relevant and 
influential when located within a broader set of indicators for well-being, sustainable livelihoods 
and community resilience. Developing a set of baseline macro-level indicators that see 
sustainable agriculture as part of this broader systemic whole is a foundation for developing 
and customising micro-level indicators that are adaptable to all micro-level conditions and 
contexts. Table 2 illustrates a macro-level set of indicators of sustainability in agriculture and 
livelihoods and well-being. This macro-level set of indicators is not intended to be complete. It 
is proposed as a flexible and customisable starting point with the intention that the indicators 
listed will be tested, altered and improved upon. Within research, there is an increasing 
emphasis on inter and trans-disciplinary thinking and practice and the recognition that all 
actors and stakeholders have important, participatory roles to play in collective learning for 
more sustainable rural livelihoods and well-being.  
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Is the local agriculture related to the well-being of rural community today?  
A case from Portugal, Southern Europe 
 
Surová, D., Godinho, S. and Pinto-Correia, T. 
 
Landscape Dynamics and Social Processes Group, Instituto de Ciências Agrárias e 
Ambientais Mediterrânicas (ICAAM), University of Évora, Portugal 
 

Abstract: Well-being in rural areas is recognised as one of the primary goals of the European 
policies aiming at sustainable development. Rural settlements are closely connected with 
agricultural areas, and thus it can be expected that local agriculture influences numerous 
aspects of rural life. However, the relations between local farming practices and the well-being 
of the rural community have to date been scarcely studied. Recent research indicates that 
especially subjective well-being ought to be the measure of progress and should be the explicit 
objective of government intervention. The aim of this study is to explore contemporary 
associations between the perceived qualities of the local agricultural characteristics and the 
self-reported levels of well-being by rural residents. A quantitative survey was applied to rural 
residents in two municipalities in Southern Portugal.  In these areas different development 
trajectories in agriculture have been observed during recent years. Results show significant 
associations between the perceived qualities of local agricultural characteristics and the 
subjective well-being of respondents. Life satisfaction, happiness and the satisfaction with the 
municipality as a place to live were the measures of subjective well-being assessed. They 
were positively correlated with most of the studied perceptions about local food, farming 
practices, landscape and the environment. These findings highlight the importance of further 
research on the existing and possible impact of local agricultural practices on the well-being 
of the rural community, and the need to consider these associations in formulating agricultural 
and rural development policies. 
 
Keywords: Perception, local qualities, food, landscape, environment, subjective well-being, 
rural community 
 
 
Introduction 
Rural development  
The Common Agricultural Policy aims at the “sustainability of European rural areas, including 
the well-being of rural society”. Accordingly, the European Rural Development programmes 
are designed in such a way as to contribute to the social, economic and environmental well-
being of rural areas and the sustainable management of natural resources.  However, how 
specifically the agricultural practices and their outputs are associated with well-being of the 
rural community in these days is known only approximately, while a detailed knowledge in 
different territorial contexts is still to be explored.  
 
Local agriculture is a complex multi-factorial activity, likely to have multiple impacts, direct as 
well as indirect on the well-being of those taking part, and also of those living in a particular 
locality. According to the Millennium Ecosystem Assessment (2005), the farming systems 
represent a dominant land use in European rural areas and embody a vital role in the major 
aspects of rural life such as environment, economy and social relations. From an ecosystem 
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point of view, agriculture can provide different services linked to human well-being. In that 
perspective, in recent years, a reconceptualisation of the role of farming within the framework 
of wider rural development processes is acknowledged. The reconceptualisation must account 
for, and simultaneously reflect, the substantial heterogeneity of Europe’s rural regions, thus 
allowing for adequate inputs into the processes of policy formulation and implementation. At 
the same time, it must go beyond previous sectoral approaches, and it is to be ‘interdisciplinary 
and holistic’. 
 
Contemporary changing agriculture and rural community 
Looking at agricultural changes over the last decades, the types of interaction between farming 
systems and the society are becoming more complex and diversified. Apart from food, farms 
can produce energy crops, or have environmental, cultural and recreational functions. 
Simultaneously, a trend of agricultural modernisation intensively involving irrigation water, 
fertilisers and other inputs is forming large-scale specialised farms. The area occupied by 
these farms is growing in Europe, bringing to rural territories new environmental, social and 
economic conditions, which are seen as being negative or at least uncertain in the terms of 
the ability to face future challenges.  
 
Changes are also occurring at the social level. Many rural places have witnessed 
unprecedented change and transformation to local economies, property and rural politics 
(Jones et al., 2011). This has led to a dramatic reconstitution of rural populations, with fewer 
people engaged in agricultural production, but with a new demand for non-production functions 
of agriculture, such as cultural identity, aesthetics, environmental quality, food quality and 
recreation (Surová & Pinto-Correia, 2016).  
 
As farming can adopt different development trajectories, the knowledge about agricultural 
values contributing to the well-being of rural society should be of use for policy formulations 
and implementation.  
 
Some studies indicate that in those areas where the rural represents well-being and the 
opportunity to prosper, people are caring for that place and are trying to develop and enrich it 
further. In other places, where well-being is poor there is a critique, concern and a many-sided 
struggle to improve the overall condition (van der Ploeg & Roeg, 2003). 
 
Well-being and its influencers 
The concept of well-being has evolved over the past decades as research has continued to 
reveal its multidimensional, dynamic, person-specific and culture-specific nature. Well-being 
or quality of life is part of a trend that evaluates progress using multiple factors rather than 
focusing on a limited view of financial or economic health (Preuss & Vemuri, 2004).  Recent 
research indicates that especially the subjective well-being of people ought to be the measure 
of progress and should be the explicit objective of government intervention (Diener, 2000). 
What is specific about the concept of subjective well-being is that only the person under 
investigation can provide information on their evaluations, emotions and psychological 
functioning. It is people’s views that are the subject of interest (OECD, 2011). Subjective well-
being refers to people’s evaluations of their lives; it encompasses both cognitive judgments of 
satisfaction and affective appraisals of moods and emotions (Kesebir & Diener, 2008; Pavot 
& Diener, 1993).  Life satisfaction measures how people evaluate their life as a whole rather 
than their current feelings. It captures a reflective assessment of which life circumstances and 
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conditions are important for subjective well-being. Often, the happiness is considered to be 
different from life satisfaction, even if these two measures are highly correlated. While the life 
satisfaction refers to a cognitive evaluation or judgment of one's life, happiness involves more 
affective components of subjective well-being (SWB) (Gamble & Garling, 2012).  
 
An influential body of literature considers that the place where an individual is living doesn’t 
matter considerably in an increasingly mobile and virtually communicating society, and that 
the place is losing its distinctiveness (Friedman, 2007; Wellman, 2001). On the opposite side, 
other studies are revealing that the location-specific factors have a direct influence on life 
satisfaction (Brereton et al., 2008).  While there are a considerable number of studies dealing 
with residential satisfaction in urban areas, these kind of studies are less frequent in rural 
settlements.    
 
Several researchers have been highlighting the influence of local environmental issues on 
subjective well-being. The multi-way relationships between environment and well-being were 
summarised by a New Economic Foundation in the UK (NEF, 2005). Here, the environment 
is understood to be the external physical conditions people live in and experience. Landscape, 
as an externality of agricultural practices in rural areas, can influence human well-being in 
manifold ways (Bieling et al., 2014).  
 
To date, examples of studies into issues of well-being in the countryside tend to focus on 
particular subgroups of the rural population (e.g. farmers) or specific topics, such as stress or 
mental health, rather than an examination of wider life satisfaction concerns (Mzoughi, 2014). 
A neighbourhood satisfaction connected to the physical environmental qualities is also a 
critical component of the life satisfaction (Sirgy et al., 2006). However, this relation needs more 
attention from research (Kweon et al., 2010). The answer to the question of why people like 
the place where they live is complex (Fitz et al., 2016). Some studies in urban areas show that 
the green spaces, such as local parks, appear to promote well-being in many ways. They 
facilitate outdoor exercise, which has been found to have even more positive mental health 
benefits than exercise of other kinds (Pretty et al., 2005). They can also have important effects 
on social capital at the community level through giving people a place to meet and children a 
place to play (Marmot et al., 2010). The connections between farming types and activities 
promoting health or social capital are also currently relevant in rural areas. 

 
The aim of this study is to explore contemporary associations between the perceived qualities 
of the local agricultural characteristics and the self-reported levels of well-being of rural 
residents. We believe that this kind of information is necessary for better understanding of the 
current agricultural role in SWB of inhabitants in the countryside, and to help formulate relevant 
research questions for future studies. 

 
 

Methods 
 
Survey and data analysis 
A survey was applied to a sample of local inhabitants in the two studied rural settlements. 
Respondents were selected through a stratified random sampling, where the stratum was the 
age class distribution in the studied municipalities according to the national statistical records. 
The answers were measured as the levels of agreement with the statements related to the 
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perceived situation regarding the aspects associated with local agriculture. Specifically, the 
perception of the food, local farming practices, local landscape and the local environmental 
issues was assessed.  
 
The characteristics of the food and the local farming practices included seven variables 
measured on an ordinal scale. The variables were as follows: perceived freedom of choice in 
the food origin; accessibility to the marketing places selling local farming products; quality of 
the local farming products; level of the local knowledge maintenance in agricultural practices; 
the existing possibilities to interact with the local farmers; the perceived local food autonomy; 
and the frequency of receiving, giving or exchanging the local farming products. The food 
origin in this study is linked to the food’s geographical provenance. The perceived contribution 
of the local agriculture to one’s well-being was measured on a nominal scale with three 
categories: yes, don’t know and no.  
 
The questions about local landscape and environment were assessed as a subjective 
appreciation of the visual landscape quality, feeling of one’s connection to the local landscape, 
perceived local soil and water quality, and perceived richness of local vegetation, animals and 
birds. 
 
The preferred farming type occupational tendencies in the resident’s locality were assessed 
using an ordinal scale. Respondents were asked to assess four types of farming differing in 
their scale and specialisation. The small-scale diversified farming was represented by 
extensive olive groves, orchards, vineyards and vegetable plots. The second farming system 
assessed was the small-scale specialised farming. This was represented by production in the 
greenhouses and the intensive production of aromatic plants. Large-scale diversified farming 
is, in the region, known as the silvopastoral system, the montado and the pasture areas.  The 
fourth farming system studied was the large-scale specialised farming, demonstrated in the 
region by the intensive olive groves, corn plantations and irrigated vineyards. Within the scale 
used for the preference assessment, the value zero indicated a choice for the elimination of a 
particular farming type from the municipality. The value five indicated a choice for continuation 
of the specific farming type on the currently occupied area, while the value ten indicated a 
choice for the agricultural area of the county to be covered exclusively by the particular farming 
type. 
 
In the last part of the survey, the self-reported levels of subjective well-being (SWB) measures 
were evaluated. Well-being elicited from individuals through questions about life satisfaction 
and happiness has been found to have a high scientific standard regarding validity (Pavot & 
Diener 1993).  In the study, direct SWB was measured by self-reported levels of life 
satisfaction and happiness. The indirect SWB measure included a question about the 
satisfaction with the municipality as a place to live.  The levels of SWB were measured by 
applying the eleven-point Likert scale.  
 
Study area 
The two surveyed rural municipalities (Montemor-o-Novo and Ferreira do Alentejo) are located 
in the Alentejo region of Southern Portugal. They markedly differ in landscape diversity, land 
cover dynamics, agricultural type and land management intensity.  
The municipality of Montemor-o-Novo is dominated mainly by low-intensity farming systems, 
in particular, the montado.  The montado is a Mediterranean silvopastoral land-use system 
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dominated by holm oaks (Quercus rotundifolia) and cork oaks (Quercus suber) covering a 
broad range of tree stand densities (Pinto-Correia et al., 2011; Godinho et al., 2016). They are 
recognised for their capacity to deliver a wide number and variety of ecosystem services 
(Bugalho et al., 2011). In this study area, the management of the montado is mainly focused 
on livestock production, combined with forest products such as cork and wood for charcoal 
production.  
 
The county of Montemor-o-Novo also represents a rural area where demand for non-
commodity functions such as nature conservation, new and second housing, leisure and 
recreation, is high. The local landscape quality is recognised, and also the proximity to Lisbon 
and smaller urban centres such as Évora. In the surroundings of the main municipality town, 
as well as in the other and smaller localities, the landscape is composed of a unique small-
scale mosaic of farm units between 1 and 5 ha, sometimes up to 20 ha. In these complex land 
use systems, the land cover is dominated by old olive groves, small vegetable plots and fruit 
orchards, pastures used for sheep grazing, a few plots of vineyards, and dense vegetation 
galleries along the water lines.  
 
The individual characteristics of the small-scale farmers observed in our study area by Pinto-
Correia et al. (2016) reveal a large diversity in profiles. This area is a highly attractive area for 
newcomers who appreciate the gentle landscape and the proximity to urban facilities (Pinto-
Correia et al., 2010), fostering new dynamics in these patches. As a continuation of an old 
practice, in the town’s centre a market where the local food products are sold by the local 
farmers is open each Saturday morning.  
 
The second case study is the Ferreira do Alentejo municipality. Due to access to an extensive 
irrigation system from the recently constructed Alqueva dam, the modernised large-scale 
plantations of olive groves with an intensive agricultural management dominate the landscape 
in the municipality nowadays. Most of the new olive groves arise in the new irrigation projects 
of the Alentejo region (INE, 2011). It is also coinciding with the conclusion of the first phase of 
the irrigation project of the Alqueva and with the decoupling of direct payments from production 
(Council Regulation (EC) n.º 1782/2003 of 29 September 2003 – CAP reform of 2003, referred 
to as the Luxembourg Agreement or Fischler Reform).  
 
Data analysis 
Data were analysed using the SPSS software v.22. The Spearman’s rank-order correlation 
was run to assess the strength and direction of the relationship between perceived qualities 
of the local characteristics and self-reported levels of subjective well-being measures. 
 
A descriptive statistics was used to evaluate the preferred occupational changes of the local 
farming types. Moreover, the independent samples Kruskal-Wallis test was conducted to 
determine if there were differences in perceived levels of agriculture-related local 
characteristics between those who answered ‘yes’ and others. The Kruskal-Wallis H test 
(sometimes also called the ‘one-way ANOVA on ranks’) is a rank-based non-parametric test 
that can be used to determine if there are statistically significant differences between two or 
more groups of an independent variable on a continuous or ordinal dependent variable. 
 
Subsequently, for the analysis of differences between the two studied municipalities, the 
Mann-Whitney U test was used. This test is the alternative test to the independent sample t-
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test when data is ordinal.  It is a non-parametric test that can be applied to compare two 
population means that come from the same population, and it is also used to verify whether 
two population means are equal or not.  It is used for similar sample sizes and is used to test 
the median of two populations.  
 
Finally, the Pearson Chi-Square test was applied to the differences in the perceived 
contribution of the local agriculture to respondents’ well-being between the two localities. This 
statistical test is appropriate for sets of categorical data to evaluate how likely it is that any 
observed difference between the sets arose by chance. 
 
Results  
206 questionnaires were collected during summer 2015. In Montemor-o-Novo 105 residents 
and in Ferreira do Alentejo 101 residents participated in the survey. The sample included 107 
women and 99 men. The group of respondents included all age classes. The youngest 
respondent was 18 years old and the oldest was 87 years old. 
 
According to the results from the Spearman’s rank-order correlation, there were high positive 
correlations between several locality characteristics as perceived by respondents and their life 
satisfaction, happiness and satisfaction with their municipality as a place to live (Table 1). 
Specifically, the evaluation of abundance in vegetation, animals and birds, of visual landscape, 
freedom of choice in the food origin, the local knowledge maintenance, and the existing 
possibilities to interact with local farmers were significantly positively correlated with all three 
studied well-being measures. 
 
Moreover, the frequency of giving, receiving or exchanging local agricultural products and the 
perceived contribution of local agriculture to one’s well-being were also positively correlated 
with reported levels of well-being measures. 
 
Regarding the preferred occupational changes of the local farming types, the respondents 
preferred the highest increase in area with small-scale diversified farming. Large-scale 
diversified farming achieved the second largest mean rank with a mode value of six which 
indicated a desire to maintain the existing area of this farming. It was represented mainly by 
the extensive silvopastoral system, the montado. A similar mean rank was recorded for the 
small-scale specialised farming, although with a higher mode. Large-scale specialised farming 
received the lowest ranking level of the assessed farming types. According to the majority of 
respondents, this kind of agriculture should not spread over its existing occupied area. 
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Table 1. Spearman’s rank correlation between the perceived qualities of local 
characteristics and self-reported measures of subjective well-being 

Spearman’s rank correlation for self-reported levels 

 
 
To what extent do you agree with the following 
statements related to your county? 

Life 
satisfaction 

Happiness Satisfaction 
with one’s 
county as a 
place to live 

There is a good water and soil quality -0.072  -0.012  0.212** 

There is an abundance of vegetation, animals and 
birds 

 0.205**  0.238**  0.220** 

I appreciate the visual aspect of the landscape   0.140*  0.165*  0.337*** 

I feel connected to the local landscape  0.160*  0.134  0.323*** 

I can freely choose the origin (locality) of the food I 
consume 

 0.157*  0.210**  0.351*** 

The marketing places selling the local farming 
products are accessible to me 

 0.153*  0.080  0.310*** 

The local agricultural products have a good quality  0.116  0.136  0.338*** 

The local knowledge and skills in farming practices 
are maintained 

 0.194**  0.149*  0.296*** 

There are possibilities to interact with local farmers  0.182**  0.265***  0.314*** 

I feel that there is a food self-sufficiency when 
necessary  

 0.136  0.209**  0.243*** 

Frequency of receiving, giving or exchanging local 
agricultural products     

 0.157*  0.196**  0.173* 

Perceived contribution of the local agriculture to 
one’s well-being 

 0.262***  0.294***  0.378*** 

 
 
 
Table 2. The preferred development of the four local farming types 
  

 Farming type 

 Small-scale Large-scale 

 diversified specialized diversified specialized 
Mean 8.03 7.51 7.67 5.56 

Median 8.00 
 

8.00 
 

8.00 
 

6.00 
 
 

Mode 9 8 6 6 

Variance 4.233 3.607 3.861 5.975 

Range 10 10 10 10 
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The perceived contribution of the local agriculture to residents’ well-being was assessed 
through a nominal question with the three following categories: no, don’t know and yes. Most 
of the respondents (51.5%) stated that the local agriculture contributes to their well-being. 
Fewer (26.2%) responded that they don’t know whether local agriculture contributes to their 
well-being. A comparable number of respondents (22.3%) thought that the local agriculture 
didn’t contribute to their well-being. Figure 1 shows the relation between the perceived 
agricultural contribution to residents’ well-being and perceived local qualities. The group of 
respondents who perceived their local agriculture as a contributor to their individual well-being, 
on average also evaluated the local characteristics as having a better quality. As can be seen 
from Figure 1, the biggest difference between those who perceived local agriculture as a 
contributor to their well-being and those who didn’t was in their access to the local agricultural 
products, in perceived freedom of choice in the food origin and the possibility to interact with 
the local farmers.  
 
The independent samples Kruskal-Wallis test was conducted to determine if there were 
differences in perceived levels of agriculture-related local characteristics between those who 
answered ‘yes’ and others. Results show that perceptions of several local characteristics were 
statistically different between those reporting the positive influence of local agriculture on their 
well-being and the others. The subsequent description comprises purely the significant 
differences observed in both case studies. In both studied localities, the answer ‘yes’ to the 
contribution of local agriculture to respondents’ well-being was significantly (p < 0.05) 
associated with:  higher feeling of freedom to choose the food’s locality of origin (χ2 (3) = 5.023 
in Montemor-o-Novo and χ2 (3) = 5.820 in Ferreira do Alentejo); higher perceived quality of 
local products (χ2 (3) = 6.162 and χ2 (3) = 5.340); better possibilities to interact with local 
farmers (χ2 (3) = 10.239 and χ2 (3) = 5.742); and higher frequency of giving, receiving or 
exchanging the local products (χ2 (3) = 13.898 and χ2 (3) = 9.284). Moreover, the level of life 
satisfaction (χ2 (3) = 4.283 and χ2 (3) = 4.779) and the level of satisfaction with the municipality 
as a place to live (χ2 (3) = 6.951 and χ2 (3) = 5.228) was also higher in this cluster of 
respondents. 
 
Differences between the two municipalities with distinct predominant farming 
Because the nature of the local agriculture in the two studied localities was different, the 
preferences and the perceived contribution of local agriculture to one’s well-being were 
compared between the localities.  
 
Regarding preferred farming changes in the living municipality, the two groups were not very 
different. The respondents in both municipalities preferred an increase of the areas with small-
scale farming as well as the area with a large-scale non-irrigated agriculture. The mean value 
for the small-scale and large-scale diversified farming and small-scale specialised farming was 
8.3, 7.5 and 7.4 in Montemor-o-Novo and 7.8, 7.9 and 7.6 in Ferreira do Alentejo. According 
to the Mann-Whitney U test the only significant difference in preferences between the two 
groups was in a desirable change in the area occupied by large-scale irrigated farming. The 
group of respondents in Ferreira do Alentejo preferred a slight reduction in the area occupied 
by large-scale specialised farming (mean value 5.1), while the respondents in Montemor-o-
Novo preferred the continuation of the current situation (average value six on scale 1-11). 
 
The differences in the perceived contribution of the local agriculture to the well-being of those 
interviewed were statistically significant between the two localities. The Pearson Chi-Square 
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value of the comparison was 20.8 and p-value 0.000. In Montemor-o-Novo, where more 
diversified agriculture predominates, 67.6% of respondents agreed that the agriculture 
contributes to their well-being. In Ferreira do Alentejo with predominant large-scale specialised 
agriculture, it was only 34.7% of those surveyed who thought about the positive impact of local 
agriculture on their well-being. Those who believed the local agriculture doesn’t contribute to 
their well-being were represented by 11.4% of respondents in Montemor-o-Novo and by 
34.7% of respondents in Ferreira do Alentejo. Remaining respondents (21.0% and 30.7%) 
answered that they don’t know whether local agriculture contributes to their well-being or not. 
 

 
Figure 1.  Perceived contribution of local agriculture to individual well-being and 
perceived qualities of local characteristics. 
 
 
Discussion 
The aim of the paper was to explore the associations between the perceived qualities of local 
agricultural characteristics and the subjective well-being of rural residents. The quality level of 
local features in rural areas like environment, landscape, food and social relations are 
considered to be substantially influenced by the local agricultural practices (e.g. Smith et al., 
2012; Westhoek et al., 2013; Wilson & Burton, 2015; Bieling et al., 2014).  
 
As shown in the paper, for residents in Montemor-o-Novo and Ferreira do Alentejo in Southern 
Portugal, the local food products, agricultural practices, landscape and environment seems to 
be relevant to their subjective well-being. From the two direct and one indirect measure of 
subjective well-being assessed in the survey, the satisfaction with one’s living place appears 
to be associated with most of the studied agricultural characteristics.  
 
The local environmental quality, particularly the perceived richness of vegetation, animals and 
birds seems to relate positively with residents’ well-being. The present study also shows a 
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significant positive correlation between a level of landscape visual appreciation, as well as the 
level of connection to local landscape and subjective well-being. These findings support 
previous results of studies connecting landscape and human well-being (Bieling, 2014).  
 
The feeling of freedom of choice in the food origin, the maintenance of local knowledge and 
skills in agriculture, and the sense of local auto-sufficiency in food are also perceived as 
qualities positively correlating with well-being of residents. Curiously, the accessibility to local 
products through marketing centres and the quality of local products is not significantly 
connected with direct well-being measures in the studied areas. One possible explanation can 
be that in parallel to marketing centres, an informal exchange of local products between family 
members, friends and neighbours exists which is not dependent on marketing. Nevertheless, 
the possibility to interact with local farmers and frequency of receiving, giving or exchanging 
the local farming products, are significantly positively associated with subjective well-being. 
This practice can encourage maintenance of the mutually beneficial relationships between 
rural residents which can be positive for interpersonal trust in rural localities. Trusting social 
relationships tend to enhance people’s subjective well-being (happiness and life satisfaction), 
and in turn positive feelings of well-being tend to augment cooperation and trust (Tov & Diener, 
2009).  
 
The small-scale farming systems could increase in the occupied area according to the rural 
residents in Montemor-o-Novo and Ferreira do Alentejo. An unchanging continuation of the 
large-scale extensive farming systems in the studied areas is also desired. This is not 
surprising as these farming systems are dominant in the region and are embodied by a 
valuable montado, considered as a multifunctional land use system with important 
environmental and cultural values for the Alentejo region (e.g. Surová & Pinto-Correia, 2016). 
Concerning preferences for a large-scale specialised farming, interesting differences between 
the two localities were observed. Residents in Ferreira do Alentejo, where the large-scale 
specialised farming has become dominant in recent years, would prefer a diminution of the 
area occupied by this type of farming. Contrarily, residents in Montemor-o-Novo would not 
mind if this kind of farming held a slightly larger area in the municipality relative to the current 
situation. But still, the preferences for small-scale farms are higher.  
 
The preferences for a large-scale specialised farming are not the only perception difference 
between the two localities. Currently, the proportion of the residents appreciating current local 
agriculture as a contributor to their well-being is much higher in Montemor-o-Novo than in 
Ferreira do Alentejo. With this result, a challenging question is arising for research and policy 
makers related to this changing structure of agriculture and how it affects social well-being, 
prosperity and sustainability in rural areas (e.g. Smithers & Armstrong 2005; Goldschmidt, 
1978). 
 
The present study omits the assessment of relations between the perceived qualities of local 
agricultural characteristics and subjective well-being of rural residents across different 
individual socio-economic characteristics, like age, gender and education. This kind of 
assessment certainly deserves research attention and may be an important lesson for policy 
and practice. In addition, to put more accurate weight on SWB variance explained by assessed 
variables, a further statistical analysis would be needed. 
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Conclusions 
What well-being means in contemporary rural areas and what role the local agriculture plays 
and can play in rural well-being are only a few questions arising in the context of sustainability 
in rural areas. Certainly the correct answer to the above-mentioned questions will not be the 
same in all rural localities and will, or should, depend on territorial context and time, involving 
the social, economic and environmental dimensions. 
 
It is unambiguous that well-being in rural areas is not merely influenced by the agricultural 
sector alone. Nevertheless, several outputs of local agriculture including environmental 
quality, landscape, food and social life are significantly associated directly or indirectly with 
the well-being of rural residents. For policies, it can indicate a necessity to consider local 
agriculture and its development trajectory as an important issue in rural life quality, even in 
these days when a smaller proportion of the rural population is engaged in agricultural 
production. For now, there is a need to assess relationships between farming systems and 
rural well-being more profoundly across different geographical areas, to gain more robust and 
generalisable knowledge to enable an improved definition of policies towards a harmony 
between the sustainability and human well-being. 
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Transformation of traditional pastoral livestock systems of Egypt 
 
Metawi, H.R. 
 
Animal Production Research Institute, Agriculture Research Centre, Cairo, Egypt 
 
Abstract:  Background: the Northwestern coastal region of Egypt extends about 500 
kilometres along the Mediterranean coastline. The pastoral livestock production systems 
prevail in this area. The zone has witnessed major changes over the last 50 years; 
demographic growth, urbanisation and degradation of rangelands. More recently, the zone 
has been faced by drought that has become more frequent. Objective:  to assess the effect of 
drought on livestock farming systems and Bedouins’ socio-economic vulnerability and to 
identify the most frequently used adaptive process developed by Bedouins to reduce the 
negative impact of drought. Methodology: a semi-structured questionnaire was used for 
interviewing 162 randomly selected Bedouins. Results: analysis of data showed that drought 
produces a large number of impacts that affect the Bedouins’ economic standard of living.  
The annual sheep and goat productivity declined by 18.03% and 8.33% respectively. 
Furthermore, the returns on capital invested in sheep and goat production were significantly 
reduced by around 47% and 34% respectively. The analyses showed that a significant 
relationship exists between the Bedouins’ socioeconomic characteristics and the encountered 
challenges (p < 0.05). Breeders have developed different adaptive mechanisms against 
drought conditions such as decreasing flock size, supplementary feeding , changing herd 
composition ,early marketing of their lambs/kids and migration of family members to urban 
areas . Conclusion: more emphasis should be given to improving livestock productivity and 
proper utilisation of Bedouins’ resources. It is important to take into consideration socio-
economic factors that influence small ruminant development programmes to enhance their 
success. 
 
Keywords: Agro-pastoral system, survey, drought vulnerability and adoption process.  

 

Introduction 
The Coastal Zone of Western Desert, Egypt (CZWD) is historically a pastoral zone with the 
raising of livestock as the main socioeconomic activity. Economic survival of the people of the 
region depends on management of sheep and goats, beside cultivation of barley and some 
fruits e.g. olives and figs. There are several million head of sheep and goats, which contribute 
substantially to the Bedouins’ income and nutrition and are used as subsistence and survival 
reserves in years of drought. The zone has witnessed major changes over the last 50 years; 
demographic growth, urbanisation, touristic development and agro-ecological diversification. 
More recently, the zone has faced a long drought period from 1995 to 2011, with low erratic 
rainfall (< 150 mm). Scarcity of rainfall has affected farming systems and household 
livelihoods. This study analyses the impacts of this long drought period on the livestock 
farming systems and the adaptive processes developed by breeders to cope with it, 
highlighting the socioeconomic factors that affect sheep and goat enterprises’ profitability. 
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Material and Methods  
Study design  
The primary data were collected from a total of 162 households from June to February 2010 
up to August 2011 using a survey based on structured questionnaires.  The structured 
questionnaire contained questions regarding socio-economic characteristics of households, 
flock management and dynamics, animal productivity, input and output parameters and annual 
production costs and revenues.  Secondary data are based on the Animal Production 
Research Institute survey which was carried out in 1995 in approximately 240 households. 
This was a year of average rainfall.  
 
Study area  
The study was carried out in the Coastal Zone of the Western Desert of Egypt (CZWD), which 
extends from Alexandria in the East to the Libyan border in the West. It is classified as an arid 
zone.  Pastoralists and agro-pastoralists are the dominant economic activity. 
 
Data analysis  
Microsoft Excel was used to analyse the data. Descriptive statistics such as percentages and 
frequencies were employed. The profitability of sheep and goat enterprises were evaluated 
on the basis of returns on capital invested .The general linear model (GLM) in SAS 9.3 (SAS 
Institute, 2012) was used to evaluate the effect of the different socioeconomic factors on sheep 
and goat enterprises’ profitability. 
 
Results and Discussion 
The effects of drought on livestock farming systems and Bedouins’ socio-economic 
vulnerability 
 
Effects of drought on animal feed resources 
Grazing months ranged from 3.39 to 4.12 in an average year (Table 1).  In the dry year, grazing 
months ranged between 0.34 and 1.23 months. More seriously, with the poor range conditions, 
breeders had to provide supplementary feeding during the grazing period (0.55 kg/head on 
average). Consequently the breeders rely on concentrates for animal feeding all year round, 
plus available roughages (mainly wheat and barley straw). The unit cost of feeding has been 
multiplied with the high increase in the prices of the imported concentrates.  Digambar (2011) 
reported that as a result of severe drought there was a direct impact on the growth of palatable 
grass species and the regeneration of fodder species in pasture.  

Table 1. The effects of drought on animal feed resources 
 
Character Average year Dry year 
Grazing period, month: 
      Natural ranges  
      Crop residues  
Supplementary feeding, kg  
During grazing on: 
         Natural ranges 
         Crop residues 
Out of grazing 

 
3.39 -4.12 
2.28-2.77 

 
 

0.0 
0.49 
0.91 

 
0.34-1.23 

0.0 
 
 

0.55 
0.96 
0.96 
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Effects of drought on livestock holdings 
Bedouins have developed different adaptive mechanisms to reduce the negative impact of 
drought  such as, decreasing flock size, raising more goats and selling their lambs / kids 
directly after weaning (Table 2). Over the drought period, average flock size has been 
decreased   from 140.7 to 87.23 heads (-38%, Table 2). Most of the breeders limit the sale of 
animals to cover urgent needs such as the purchase of animal feeds or basic family 
expenditure. The mature female percentage in the flocks increased from 33.20 to 46.81. Goat 
percentage in the flocks increased from 13.25 to 29.84%. The proportion of immature males 
(13.58%) in an average year was about five times higher than that in a dry year (2.77%). 

 

Table 2. Effects of drought on livestock holdings 

Character Average Year Dry Year 

Herd size (heads) 140.7 87.23 

Herd composition (%)   

Cattle 2.70 0.0 

Sheep 79.23 64.18 

Goat 13.25 29.84 

Camel 4.82 5.98 

Flock age structure (%)   

Mature females 33.20 46.81 

Mature males 1.90 1.68 

Immature females 21.73 16.66 

Immature males 13.58 2.77 

Progeny <4 months 29.86 32.08 

 

Effects of drought on animal performance 
The effects of drought on the sheep and goats’ performance are presented in Table 3. The 
annual sheep and goat productivity declined by 18.03% and 8.33% respectively. Furthermore, 
the returns on capital invested in sheep and goat production were significantly reduced by 
around 47% and 34% respectively.  Findings from Abate (2009) showed that the drought and 
delay of rainfall led to increased mortality of livestock, vulnerability to diseases and physical 
deterioration due to long distance travel for water and pastures.  The study revealed that goat 
production was more profitable than that of sheep in dry years. According to Ahuya et al. 
(2005), the profitability of goat production emanates from the fact that goats require less feed 
and eat agricultural by-products that are of low value, hence the low production costs. 
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Table 3. Effects of drought on small ruminant performance  
 
Character Average year Dry year 
Productivity   
Sheep (kg lambs/ewe/year) 25.35 a 20.78 b 
Goat (kg kids/doe/year) 20.66 a 18.94 b 
Return on capital   
Sheep (%) 17.91 a   9.39 b 
Goat (%) 15.73 a 10.38 b 

Means in the same row with different superscript letters differ significantly at p < 0.05 
 
 
Effects of drought on household source of income 
Under dry year conditions, livestock production contributed 71.6% to the household income.  
The contribution of crop production to household income in dry year is practically zero, while 
off-farm incomes contribute 25.9%. La Rovere and Aw-Hassan (2005) reported that the 
country's most vulnerable households are those that depend solely on livestock production. 

                         

Table 4. Effects of drought on household source of income 

Source of income Average year Dry year 

Agriculture 2.5 39.4 

Livestock (%) 71.6 52.1 

Off-farm income 25.9 8.5 

 

 
The effect of the different socioeconomic factors on sheep and goat enterprises’ 
profitability 
Most of farm and household characteristics showed a positive and significant relationship with 
the profitability of sheep and goat enterprises in the dry year (Table 5).  Prokopy et al. (2008) 
showed that education levels, capital, income, farm size, access to information, positive 
environmental attitudes, environmental awareness, and utilisation of social networks were 
positively associated with adoption and use of technology. Sulo et al. (2012) showed that 
primary occupation, annual income and household size had a positive and significant 
association with agriculture technologies adoption. On the other hand, results indicate that 
whatever the differences in characteristics between the farms in the average year they did not 
seem to cause significant variation in the profitability of sheep and goat enterprises.  
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Table 5. Factors affecting the profitability of sheep and goat enterprises 
 
Factors Average year Dry year 
 Relationship P Relationship P 
Farm characteristics:     
Farm size Positive P<0.05  NS 
Flock size  NS Positive P<0.01 
Financial incentives  NS Positive P<0.01 
Extension services  NS Positive P<0.05 
Marketing distance  NS  NS 
Household characteristics:     
Age  NS Positive P<0.05 
Education level  NS Positive P<0.01 
Family size  NS Positive P<0.05 
Off-farm job  NS Positive P<0.05 

NS=not significant 
 
Conclusions 
In dry years the contribution of crop production to household income is practically zero and 
small ruminants provide the main source of household income. Drought adversely affected 
sheep and goat productivity and feed expense is a major small ruminant production constraint 
limiting profitability. This explains why very large farmers have fallen below the poverty line in 
these years. Bedouins made adjustments to their expenditure to reduce the negative impact 
of drought. Household budget in an average rainfall year was spent on the purchase of food 
(36%) followed by clothing (16%), school fees (14%), medical expenses (10%), social 
activities (7%) and other items (17%). Income in a drought year was spent mostly on the 
purchase of food (78%).   Subsidised feed and government supported animal diets may lead 
to additional revenue for Bedouins through the activity of fattening lambs/kids. Reducing 
animal feed cost by enhancing crop by-products’ nutritive value is also recommended during 
drought periods. However, there are many different kinds of agro-industrial by-products 
available in the region, which is seriously under exploited. Investment in rural education can 
increase return on labour as well as help diversify income. Using poor quality underground 
water and drip irrigation systems is considered in drought years.  

.    
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Workshop 2.4: Temperate agriculture sustainability assessment beyond the 
individual farm level 
Convenors: Jan Grenz, Henrik Moller, Fleur Marchant and Andreas Roesch 
 

There are already in excess of 50 schemes attempting to measure ‘sustainability’ via metrics 
for different objectives (e.g. ethical food production, environmental impact of production).  A 
complementary workshop evaluated use of these frameworks and measures at the whole farm 
level to encourage individual farmers to change their practices and values. This workshop 
primarily focused on the uses and constraints on scaling and interpretation of the metrics at 
catchment, regional, national and global biome levels beyond the individual farm level.  Farm-
level sustainability is not only shaped on the farm, so information about beyond-the-farm 
influences (e.g. water scarcity, infrastructure, governance, economic instruments) is also 
needed to guide local, national and international land use decisions and policy. ‘TempAg’ 
(Collaborative Research Network on Sustainable Temperate Agriculture) is a recently formed 
coalition of agricultural researchers and policy makers from across temperate and high altitude 
production areas of the OECD (www.oecd.org/sti/sci-tech/tempag.htm).  The workshop began 
with a brief description of TempAg’s raison d’être, long term goals, governance and the way it 
proposes to secure the resilience and sustainability of temperate agriculture, in part by 
comparing sustainability performance at country and agricultural sector levels. Contributions 
were invited from producers, industry, policy makers and researchers from throughout highly 
seasonal agro-ecosystems to explore opportunities and limits for comparing sustainability and 
resilience of temperate agriculture. Firstly, the workshop focused on methods for prioritisation, 
scaling and aggregation of indicators beyond the farm level.  Useful questions included:  Which 
tools can best help designers of sustainability assessments set priorities about what to 
measure in local, regional and global contexts?  Should metrics be aggregated into fewer 
composite indicators at higher levels of sustainability frameworks, and if so, how can 
composite indicators be calculated that remain sensitive and interpretable? How can 
measurements based on very different scales of measurement, or representing very different 
knowledge systems, be combined or weighted against each other for scaling or aggregation? 
Secondly, the workshop addressed the limits and constraints of comparing sustainability 
above the farm level. Can metrics adequately represent the sustainability and resilience of 
very different agricultural systems spread across the temperate and high altitude regions (e.g. 
mixed-cropping, animal grazing and confinement)?   Can rapid, robust and real ‘sustainability’ 
metrics be reliably and usefully compared between sectors, countries and regions? What are 
useful benchmarking methods to assess relative performance of these very divergent 
systems?   How can we best set targets for sustainable practices that inform where and when 
interventions are needed for transforming agricultural practices?  Thirdly, the workshop 
confronted how measures of agricultural sustainability and resilience beyond the farm level 
might shape policy interventions at regional, national and international levels. How might up-
scaled sustainability measures be used (or abused) by government and organisations like 
FAO, OECD and international food and fibre producers and distributors? What type of 
processes and cross-scale bridging organisation are needed to ensure the best use of up-
scaled sustainability measures? The workshop concluded with a discussion of knowledge 
gaps and opportunities for research around these three themes. This was to help set an 
international and transdisciplinary collaborative research agenda for the coming 5 years 
amongst the TempAg researchers. 
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3Centre for International Development and Environmental Research, Justus Liebig University 
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Abstract: Watershed Development Programmes (WDP) receive enormous attention due to 
their capacity to enhance production in rain-fed agriculture along with restoration of ecological 
balance and sustainability. Many of these programmes are questionable in terms of building 
climate change adaptation strategies among the rural poor in watershed areas. This paper 
analyses vulnerability towards climate change on watershed community level in Kerala, India. 
A case study was conducted in a watershed, which was implemented by a Non-Governmental 
Organisation (NGO). Primary data was collected using the Rapid Appraisal of Agricultural 
Knowledge System methodology with its main instruments household surveys, focus group 
discussions, key informant interviews and personal interviews with various stakeholders. 
Vulnerability due to climate variability is assessed by developing a Climate Vulnerability Index 
(CVI) which employs both qualitative and quantitative data. The composite index comprises 
of three dimensions of vulnerability - adaptive capacity, sensitivity, exposure - and its ten major 
components: socio-demographic profile, socio-economic assets, agricultural, livelihood, social 
networks, health, food, water, climate variability and natural disasters. As a main result, the 
vulnerability due to adaptive capacity indicators/subcomponents holds the highest value 
among the three dimensions of climate vulnerability. This implies an urgent need for location 
specific micro level planning of the watershed programmes with emphasis on activities to 
address water scarcity, soil and water conservation, farm diversification, production 
enhancement and livelihood alternatives for better coping strategies and resilience.  
 
Keywords: Adaptive capacity, CVI, climate change, sensitivity, watershed development 
 

Introduction 
According to the Maplecroft (2015) Climate Change Vulnerability Index, which evaluates the 
sensitivity of populations, the physical exposure of countries, and the governmental capacity 
to adapt to climate change over the next 30 years, India stands second among the growth 
economies under the extreme risk category. The Centre for Climate Energy Solutions report 
(2015) states that India is the fourth largest greenhouse gas emitter, accounting for 5.8% of 
global emissions. 
 
In India, 53% of the population depend on agriculture for their living. Among these, 55% of 
farmers rely on rain-fed systems in which ‘delayed, deficient or erratic rains’ lead to a severe 
reduction in production and productivity with resource misutilisation and degradation (Planning 
Commission, 2012). These rain-fed areas constitute 62% of the total geographic area of the 
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country which produces 40% cereals and 85% pulses to support 40% human and 60% 
livestock population (Planning Commission, 2012). 
 
The Indian Watershed Development (WSD) programme is one important strategy to adapt to 
climate variability and extreme climate events and thus to build adaptive capacity and 
resilience among the rural communities especially in rain-fed areas. According to Samuel et 
al. (2015), “Watershed Development is a multi-sectoral intervention aimed at enhancing the 
potential of ecosystem resources and the socio-economic situation of the community in a 
specific landscape unit”. Various studies on watershed impact evaluation reveals WSD 
programmes have the capacity to reduce the risk associated with rain-fed agriculture and act 
as a tool for disaster management (Gandhi & Crase, 2012; Kerr, 2007).  
 
Previous climate change studies conducted in India focus on: gender based adaptation to 
climate change (Bokhoree et al., 2012); climate variability and farmers’ vulnerability in the 
flood prone district of Assam (Chaliha et al., 2012); climate vulnerability assessment in 
Himalayan communities (Pandey & Jha, 2012; Aryal et al., 2014); perception and knowledge 
level of climate issues (Nirmala & Aram, 2015); and climate change impacts on coastal 
ecosystems (Arul & Arul, 2015). However it is widely accepted that climate vulnerability studies 
should explore the socio-economic and institutional factors in depth (Gbetibouo et al., 2010) 
at local level (Vincent & Cull, 2010), integrate the sustainable livelihood approach and address 
the issue of sensitivity and adaptive capacity to climate change to a certain extent (Hahn et 
al., 2009). There is enormous heterogeneity within the districts with respect to resource 
access, poverty and coping strategies (Gbetibouo et al., 2010) so assessments at more 
disaggregated levels or at community level or to evaluate the potential programme/policy 
effectiveness  must be done (Hahn et al., 2009). Moreover, Wisner (2010) suggests integration 
of climate change into ongoing efforts to give special attention to location specific knowledge 
for better adaptation strategies.  
 
There is a large body of literature on climate vulnerability assessments which develop many 
indicators. Practical applications with an active involvement of community stakeholders are 
rarely undertaken. According to Smit and Wandel (2006) participatory vulnerability 
assessments enable recognition of multiple stimuli beyond climate and include political, 
cultural, economic, institutional and technological forces over time, scale and individuals.  
 
The aim of this paper is to assess the climate vulnerability through a participatory bottom-up 
approach coupled with the development of a vulnerability index at watershed community level. 
This approach involves active participation of various stakeholders, integration of information 
from multiple sources (Smit & Wandel, 2006) and triangulation. The selected watershed 
programme has been implemented by one of the NGOs in Kerala state, India. This approach 
aims to bridge the gaps at microlevel planning and implementation by recognising the 
importance of governance, equity, priorities of the vulnerable sections, expected risks and 
benefits along with diverse perceptions to various climatic shocks and policy making. 
 
Methodology 

Description of the study area 
Kerala, the south western state in India, is severely threatened by climate change. It is unique 
in social, economic, environmental and physical conditions such as high population density, 
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integrated farming system, humid tropical monsoon with excessive rainfall and hot summers 
(Government of Kerala, 2014). Kerala is known as the “Gate way of the summer monsoon” to 
India and it is one of the wettest places in the world, where annual rainfall is of the order of 
3000mm (Raj & Azeez, 2010). Homestead farming is a key feature of land use in this area, 
which includes a large number of species grown such as spices, medicinal plants, plantation 
trees, fruit plants, vegetables and tuber crops. In recent years there has been a major shift in 
rainfall pattern in Kerala, with significant decreases of the southwest monsoon (Guhathakartha 
& Rajeevan, 2008; Krishnakumar et al., 2009; Nikhil Raj & Azeez, 2012), and increases of the 
northeast monsoon in Kerala (Krishnakumar et al., 2009). 
 
Palakkad is listed as one of the highly vulnerable districts to climate change in Kerala due to 
its specific geographic location, humid climate, high percentage of population relying on 
agriculture, a low ranking in the human development index, high social deprivation and a high 
degree of vulnerability to natural hazards like flood and drought with impacts on biodiversity 
and human life (Government of Kerala, 2014).The annual rainfall in this region is 
comparatively less than other parts of the state. Daytime temperatures often exceed 40°C in 
Palakkad with reports of severe sunburn in 2010 (Gopakumar, 2011). 
 
The watershed selected for the study was Akkiyampadam watershed. It was implemented by 
The Peoples Service Society NGO in Kerala. The Akkiyampadam watershed lies between10 
58’ 13” to 11 00’ 10” N and 76 29’ 27” to 76 31’ 06” E, located in Kanjirampuzha Grama 
Panchayat (bottom level self-government institution in Kerala). The treatable watershed area 
is 520 ha. The main soil types include Laterite and Red soil. Important water holding structures 
in the area are open wells, bore wells, tanks and ponds. Farmers cultivate coconut, cashew, 
arecanut, paddy rice, rubber, banana, pepper, vegetables and tapioca. Ninety-two percent of 
the farmers are marginal farmers with <1 ha of landholdings and depend on subsistence 
farming. 
 
Vulnerability framework 
This part of the paper develops the conceptual framework to analyse the components of 
vulnerability and their relations. Vulnerability assessment is a common tool for indicating the 
potential for harm to occur within human and ecological systems in response to global climate 
change (Fussel & Klein, 2006). Vulnerability thereby is "…the degree to which a system is 
susceptible to, or unable to cope with, the adverse effects of climate change, including climate 
variability and extremes” (Fellmann, 2012). Moreover, vulnerability is an “… integrated 
measure of the expected magnitude of adverse effects to a system caused by a given level of 
certain external stressors” (Preston et al., 2011). This external dimension is represented as 
exposure which relates to “the nature and degree to which a system is exposed to significant 
climatic variations”. The sensitivity of a system to climate change reflects the “degree to which 
a system is affected, either adversely or beneficially, by climate variability or change” 
(Fellmann, 2012). It shows the “responsiveness of a system to climate change” (IPCC, 2007). 
Sensitive systems are affected by even small climatic variations. Adaptive capacity is the 
ability of a system to adjust to climate change to moderate potential damage, to take 
advantage of opportunities, or to cope with the consequences (Fellmann, 2012). It is 
intrinsically linked with socio-economic factors of the system and with other determinants such 
as institutions, knowledge and technology (Adger et al., 2007). Adaptation is the adjustment 
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in natural or human systems in response to actual or expected climatic stimuli or their effects, 
which moderates harm or exploits beneficial opportunities. 
 
Measurement of vulnerability includes social processes as well as material outcomes within 
the system (Adger, 2006), which makes the quantification process difficult. The Climate 
Vulnerability Index (CVI) used here was developed based on the framework given in Figure 1. 
It implies that “a system is vulnerable if it is exposed and sensitive to the effects of climate 
change and at the same time has only limited capacity to adapt” (Mearns & Norton, 2010). On 
the contrary, a system is less vulnerable if it is less exposed, less sensitive or has a strong 
adaptive capacity (Smit & Wandel, 2006). Therefore, building adaptive capacity enables 
communities to mobilise resources needed to reduce vulnerability and adapt to climate change 
(Nelson et al., 2007). 
 
The approach places importance on local community level knowledge and facilitates 
integrative, consultative and gender sensitive participation of all sectors of stakeholders in 
WSD programmes to express the impact and extent of climate variability. The Climate 
Vulnerability Index is based on three dimensions of vulnerability and its ten components as 
given in the Figure 1. 
 

 

Figure 1. Framework for participatory climate vulnerability analysis 
 
The CRiSTAL (Community based Risk Screening Tool-Adaptation and Livelihoods) allows 
analysis of existing activities and the extent to which the community resources are influenced 
by the climate hazards. The final analysis helps to propose actions and adaptation strategies 
for affected communities and resources. The CRiSTAL will be used in the later part of this 
research. 
 
Vulnerability index 
Climate vulnerability is multidimensional with complex interrelationships between multiple 
factors which are difficult to quantify. The proposed CVI includes three different dimensions: 
adaptive capacity, sensitivity and exposure. Each dimension is comprised of major 
components under which relevant indicators or subcomponents specific to the watershed area 
are included. The selection of subcomponents and indicators is very crucial in developing such 
an index with validity and reliability. The selected indicators were then pretested and checked 
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major components namely socio-demographic profile, socioeconomic assets, livelihood 
strategies, agricultural and social networks. The major components and their subcomponents 
are depicted in Table 1. For calculating CVI, each major component contributes equally to the 
overall index (Hahn et al., 2009) while each major component is calculated based on a 
weighted average approach (Sullivan et al., 2002). The functional relationship of each 
subcomponent/indicator is considered whether it contributes positively or negatively to the 
overall vulnerability. For subcomponent/indicators with a negative relationship it has been 
hypothesised to decrease the vulnerability and calculate the hypothesised value by using 
(100-index value). The subcomponents/indicators are measured on different scales, and were 
therefore normalised between 0 and 1 so as to bring the values within a comparable range 
and thus form an index (Hahn et al., 2009). 
 
Table 1. Climate vulnerability index: dimensions, major components and 
subcomponents  

Dimensions of 
vulnerability 

Major 
components 

Subcomponents/indicators Explanation of subcomponents 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ADAPTIVE 
CAPACITY 

 
 
Socio- 
demographic 
profile 

Family dependency index Ratio of  population between  0-14 years 
and population of 60 years & above to the 
population between 15-59 years 

House type diversity index Simpson's diversity index (1-D)# 
Family decision Index Percentage of literate household head 
Poverty index Percentage of families below poverty line 
Indebtedness index* Percentage of families with debt 
Percent of high income 
households 

Percentage of  households with income of 
>2250 $/year 

Percent of male headed 
households 

Percentage of households with male as 
head of the family 

Religious diversity index Simpson's diversity index (1-D)# 
 
Socio-
economic 
assets 

House hold asset possession 
index 

Inverse of (household asset+1) 

Farm  asset possession 
index 

Inverse of (farm asset +1) 

Average farm holding size Average land holding size§ 
Percentage of households 
with own water holding 
structures 

Percentage of households with at least 
one water holding structure 

 
 
 
Livelihood 
strategies 

 Migration Percentage of households in which at 
least one member migrated for better 
income 

Percent of households 
introduced new crop  

Percentage of households introduced at 
least one new crop in farming 

Percent of households solely 
dependent on agriculture for 
income 

Percentage of households with agriculture 
as the only source of income 

Farm diversification index Inverse of (types of enterprises+1) 
New livelihood strategies 
adoption 

Percentage of households which adopted 
new livelihood strategies in last five years 

Percent of households 
introduced livestock  

Percentage of households which adopted 
livestock in farming in last five years 
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Agricultural 

Percent of rainfed farming Percentage of households which are not 
following any irrigation methods 

Percent of net sown area Percentage of cultivated land area 
Crop diversification index Inverse of (types of crops+1) 
Percent of households 
adopting new varieties 

Percentage of households which 
introduced new varieties in farming 

Decline in farm production Percentage of households reporting 
decreasing trend in farm production 

Soil erosion perception index Percentage of households who consider 
they have moderate to severe soil erosion 
on their land 

Non adoption of soil and 
water conservation works 

Percentage of households where farmers 
not adopted any soil and water 
conservation works 

Households with <0.2 ha of 
land 

Percentage of households with less than 
0.2 ha of land 

 
 
 
 
 
Social 
networks 

Percent of beneficiaries Percentage of households which received 
benefits from the WSP 
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n is the number of subcomponents under the major component. 

After calculating the major component, the next step is assigning weights. The balanced 
weighted approach has been used in this study. The number of subcomponents under major 
components has been taken as the weight for calculating the index for major components. For 
example the index for Adaptive capacity (Ada. cap), Sensitivity (Sen) and Exposure (Exp), has 
been calculated according to Eqs. 3, 4 and 5: 
 
Ada.cap=𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎2𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎3𝐿𝐿𝐿𝐿𝑆𝑆𝑆𝑆+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎4𝐴𝐴𝐴𝐴+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎1+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎2+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎3+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎4+𝑊𝑊𝑊𝑊𝑎𝑎𝑎𝑎5
     (Eq. 3) 

 
Where, 
Wa1, Wa2, Wa3, Wa4, and Wa5  are the weights for socio-demographic profile, socio-economic 
assets, livelihood strategies, agricultural and social network, respectively. 
 
 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠1𝐻𝐻𝐻𝐻+ 𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠2𝐹𝐹𝐹𝐹+ 𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠3𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊

𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠1+𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠2+𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠3
       (Eq. 4) 

 
where,  
Ws1, Ws2, and Ws3  are the weights for the components health, food and water, respectively. 
 
 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =  𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆+ 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒1+𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒2
        (Eq. 5) 

 
where,  
We1 and We2 are the weights for natural disaster and climate variability respectively. The 
indicator values vary between 0 and 1 and may be interpreted as 0 for least vulnerable and 1 
for the most vulnerable. 
 
Then the overall index for vulnerability can be expressed as 
 

CVIw=∑ WmiMwi
10
i=1  
∑ Wmi10

1=1
        (Eq. 6) 

 
where,  
Wmi is the weight and  
Mwi is the average value of each subcomponent. 
 

Data collection 
The selection criterion for the watershed was the one which completed the project activities 
before the year 2014 and for this we contacted the Western Ghat Development Cell, Palakkad. 
The Akkiyampadam watershed began in 2009 and completed the activities in 2013. The 
household interviews were conducted by us in August-September 2015 with the help of an 
assistant to survey within the watershed boundaries. Once in the village, the Community 
Development Society members, the Grama Panchayat Secretary and elected Grama 
Panchayat members were consulted to explain the purpose of the study and to obtain 
preliminary information regarding the implemented programme. The cluster sampling method 
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was used in the selection of farm households i.e formed clusters of small, medium and large 
farmers (n=70) based on the primary and secondary data collected from the Agricultural Office 
of the watershed area. During data collection maximum care has taken to ensure participation 
from different levels of respondents: farmers, landless, labourers, self-help group members 
and women. A few key informant interviews were conducted namely with the Panchayat 
President, Agricultural Officer, elected members of Panchayat, the Community Development 
Society member of the women’s self-help group, progressive farmers and the secretary of the 
watershed committee. The purpose of these was to learn about their role and to extend an 
offer of participation in and contribution to the planning and implementation of the programme. 
Two focus group discussions were conducted with men and women’s groups to get an 
overview about existing problems, alternative solutions, future expectations on climate 
variability risk mitigation and adaptation strategies. 
 

Results and Discussion 
Table 2 shows the results of the subcomponents/indicator values, hypothesised values, 
normalised values and the average indicator values at the watershed community. Under socio-
demographic components, there are eight subcomponents and among these, the religious 
diversity index holds the highest value (0.905) because there is heterogeneity in the belief 
system and people belong to three different religions i.e. Hindus, Christians and Muslims. This 
may create differences in opinion and disagreement among the community members on 
developmental issues. The family decision index (0.100) contributes least to the socio-
demographic vulnerability indicator because 90% of the household heads are literate which 
shows the progressive nature of the community. The family dependency index (0.505) shows 
a high value with 33% of the household members dependent on others in the family for their 
means of living. Furthermore, 37.14% of the households are below the poverty line while rural 
poverty for the whole state is 7.3% (Government of Kerala, 2012). It clearly depicts the 
economic deprivation of the area, which has a positive functional relationship to the climate 
vulnerability. 
 
The socio-economic vulnerability of the area contributes less to the overall vulnerability index. 
The farm asset possession index (0.468) is the highest contributing factor to the socio-
economic vulnerability. The average farm holding size is 0.37 ha which is more than the per 
capita availability of land in the state of Kerala which is 0.23 ha (Government of Kerala, 2012). 
90.00% of the households possess their own water holding structures for routine activities, 
which contributes positively to the adaptive capacity. 
 
The Livelihood strategy component has a major share (0.579) in the vulnerability value 
because households are reluctant to adopt new crops and engage in farm diversification. Even 
in the midst of these negativities, only 5.7% of the farmers depend solely on agriculture for 
income. 
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Table 2. Normalised values of indicators with average indicator values of major 
components 

Major components Indicators/subcomponents Akkiyampadam 
             Value      Hypothesised    

Normalised 

Average 
indicator 

Socio-
demographic 
profile 
 
 
 
 
 
 
 

Family dependency index 0.50 0.50 0.505  
 
 
0.517 

House type diversity index 0.58 0.58 0.580 

Family decision Index 90.00 10.00 0.100 

Poverty index 37.14 37.14 0.371 

Indebtedness index 65.71 65.71 0.657 
Percent of high income 
households 11.40 88.60 0.886 

Percent of male headed 
households 87.14 12.86 0.129 

Religious diversity index 0.90 0.90 0.905 
Socio-economic 
assets 

Household asset possession index 0.16 0.16 0.160  
 
0.156 Farm  asset possession index 0.47 0.47 0.468 

Average farm holding size 0.37 0.37 -0.105 
Percent of households with own 
water resources 

90  
10 

0.1 

Livelihood 
strategies 

Migration 2.86 2.86 0.029  
 
0.579 

Percent of households introduced 
new crop  5.71 94.29 0.943 

Percent of households solely 
depending on agriculture for 
income 

5.71 5.71 0.057 

Farm diversification index 0.69 0.69 0.69 

New livelihood strategies adoption 12.86 87.14 0.871 
Percent of households introduced 
livestock  11.43 88.57 0.886 

Agricultural 
Percent of rainfed farming 42.9 42.9 0.429 

 
 
 
0.488 

Percent of net sown area 90.16 9.84 0.098 

Crop diversification index 0.42 0.42 0.420 
Percent of households adopting 
new varieties 1.43 98.57 0.986 

Decline in farm production 8.60 8.60 0.086 

Soil erosion perception index 44.29 44.29 0.443 
Non adoption of soil and water 
conservation works 75.71 75.71 0.757 

Households with <0.2 ha of land 68.57 68.57 0.686 
Social networks Percent of beneficiaries 45.71 54.29 0.543 
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Cooperation 12.86 87.14 0.871  
 
 
 
0.611 

Percent of households with  
membership in co-operative 
institutions 

80.00 20.00 0.2 

Percent of households received 
help from others 5.71 94.29 0.943 

Watershed committee membership 5.71 94.29 0.943 

No beneficiary contribution 0.00 0 0.000 
Percent of households lacking ICT 
access 91.43 8.57 0.086 

Participation in grass root planning 7.14 92.86 0.929 

Trainings 1.43 98.57 0.986 
Water Water scarcity 40.00 40.00 0.4  

 
 
 
0.471 

Dependency on water resources 10.00 10.00 0.1 

Public water sources 2.86 2.86 0.029 

Groundwater decline 54.30 54.30 0.543 

Gender inequality 100.00 100.00 1 

Decreased availability of water  25.70 25.70 0.257 

Water source depletion index 97.14 97.14 0.971 

Health Waterborne diseases  0.00 0.00 0  
 
 
0 

New disease incidence 0.00 0.00 0 

Poor quality drinking water 0.00 0.00 0 

Sunburn  0.00 0.00 0 

Death due to climatic variabilities 0.00 0.00 0 
Food Off-farm dependency 42.86 42.86 0.429  

0.462 
Food insufficiency 1.43 1.43 0.014 

Poor support from Government  94.30 94.30 0.943 

Natural disaster & 
impact 

Death or injury due to natural 
disaster 0.00 0.00 0  

 
0.011 Crop loss  4.29 4.29 0.043 

Housing or property damage 0.00 0.00 0 

Heavy wind 0.00 0.00 0 
Climate variability Temperature increase perception 94.30 94.30 0.943  

 
0.749 Hot months increase perception 92.90 92.90 0.929 

Erratic rainfall perception 91.40 91.40 0.914 

Less rainy days perception 91.40 91.40 0.914 

Extreme climate events 4.29 4.29 0.043 
 
 

Cooperation 12.86 87.14 0.871  
 
 
 
0.611 

Percent of households with  
membership in co-operative 
institutions 

80.00 20.00 0.2 

Percent of households received 
help from others 5.71 94.29 0.943 

Watershed committee membership 5.71 94.29 0.943 

No beneficiary contribution 0.00 0 0.000 
Percent of households lacking ICT 
access 91.43 8.57 0.086 

Participation in grass root planning 7.14 92.86 0.929 

Trainings 1.43 98.57 0.986 
Water Water scarcity 40.00 40.00 0.4  

 
 
 
0.471 

Dependency on water resources 10.00 10.00 0.1 

Public water sources 2.86 2.86 0.029 

Groundwater decline 54.30 54.30 0.543 

Gender inequality 100.00 100.00 1 

Decreased availability of water  25.70 25.70 0.257 

Water source depletion index 97.14 97.14 0.971 

Health Waterborne diseases  0.00 0.00 0  
 
 
0 

New disease incidence 0.00 0.00 0 

Poor quality drinking water 0.00 0.00 0 

Sunburn  0.00 0.00 0 

Death due to climatic variabilities 0.00 0.00 0 
Food Off-farm dependency 42.86 42.86 0.429  

0.462 
Food insufficiency 1.43 1.43 0.014 

Poor support from Government  94.30 94.30 0.943 

Natural disaster & 
impact 

Death or injury due to natural 
disaster 0.00 0.00 0  

 
0.011 Crop loss  4.29 4.29 0.043 

Housing or property damage 0.00 0.00 0 

Heavy wind 0.00 0.00 0 
Climate variability Temperature increase perception 94.30 94.30 0.943  

 
0.749 Hot months increase perception 92.90 92.90 0.929 

Erratic rainfall perception 91.40 91.40 0.914 

Less rainy days perception 91.40 91.40 0.914 

Extreme climate events 4.29 4.29 0.043 
 
 

Cooperation 12.86 87.14 0.871  
 
 
 
0.611 

Percent of households with  
membership in co-operative 
institutions 

80.00 20.00 0.2 

Percent of households received 
help from others 5.71 94.29 0.943 

Watershed committee membership 5.71 94.29 0.943 

No beneficiary contribution 0.00 0 0.000 
Percent of households lacking ICT 
access 91.43 8.57 0.086 

Participation in grass root planning 7.14 92.86 0.929 

Trainings 1.43 98.57 0.986 
Water Water scarcity 40.00 40.00 0.4  

 
 
 
0.471 

Dependency on water resources 10.00 10.00 0.1 

Public water sources 2.86 2.86 0.029 

Groundwater decline 54.30 54.30 0.543 

Gender inequality 100.00 100.00 1 

Decreased availability of water  25.70 25.70 0.257 

Water source depletion index 97.14 97.14 0.971 

Health Waterborne diseases  0.00 0.00 0  
 
 
0 

New disease incidence 0.00 0.00 0 

Poor quality drinking water 0.00 0.00 0 

Sunburn  0.00 0.00 0 

Death due to climatic variabilities 0.00 0.00 0 
Food Off-farm dependency 42.86 42.86 0.429  

0.462 
Food insufficiency 1.43 1.43 0.014 

Poor support from Government  94.30 94.30 0.943 

Natural disaster & 
impact 

Death or injury due to natural 
disaster 0.00 0.00 0  

 
0.011 Crop loss  4.29 4.29 0.043 

Housing or property damage 0.00 0.00 0 

Heavy wind 0.00 0.00 0 
Climate variability Temperature increase perception 94.30 94.30 0.943  

 
0.749 Hot months increase perception 92.90 92.90 0.929 

Erratic rainfall perception 91.40 91.40 0.914 

Less rainy days perception 91.40 91.40 0.914 

Extreme climate events 4.29 4.29 0.043 
 
 

Cooperation 12.86 87.14 0.871  
 
 
 
0.611 

Percent of households with  
membership in co-operative 
institutions 

80.00 20.00 0.2 

Percent of households received 
help from others 5.71 94.29 0.943 

Watershed committee membership 5.71 94.29 0.943 

No beneficiary contribution 0.00 0 0.000 
Percent of households lacking ICT 
access 91.43 8.57 0.086 

Participation in grass root planning 7.14 92.86 0.929 

Trainings 1.43 98.57 0.986 
Water Water scarcity 40.00 40.00 0.4  

 
 
 
0.471 

Dependency on water resources 10.00 10.00 0.1 

Public water sources 2.86 2.86 0.029 

Groundwater decline 54.30 54.30 0.543 

Gender inequality 100.00 100.00 1 

Decreased availability of water  25.70 25.70 0.257 

Water source depletion index 97.14 97.14 0.971 

Health Waterborne diseases  0.00 0.00 0  
 
 
0 

New disease incidence 0.00 0.00 0 

Poor quality drinking water 0.00 0.00 0 

Sunburn  0.00 0.00 0 

Death due to climatic variabilities 0.00 0.00 0 
Food Off-farm dependency 42.86 42.86 0.429  

0.462 
Food insufficiency 1.43 1.43 0.014 

Poor support from Government  94.30 94.30 0.943 

Natural disaster & 
impact 

Death or injury due to natural 
disaster 0.00 0.00 0  

 
0.011 Crop loss  4.29 4.29 0.043 

Housing or property damage 0.00 0.00 0 

Heavy wind 0.00 0.00 0 
Climate variability Temperature increase perception 94.30 94.30 0.943  

 
0.749 Hot months increase perception 92.90 92.90 0.929 

Erratic rainfall perception 91.40 91.40 0.914 

Less rainy days perception 91.40 91.40 0.914 

Extreme climate events 4.29 4.29 0.043 
 
 

1244



The agricultural vulnerability status also shows a higher value (0.488) with less adoption in 
new varieties and crop diversification. The soil erosion perception index (0.443) shows the 
awareness of the households about soil erosion in the watershed area. Many of them 
complained about medium-severe soil erosion despite only 75.71% of the households 
adopting soil and water conservation measures in their fields. One of the main objectives of 
the WSD programme is soil and water conservation and it shows the pitfalls in facilitating 
adoption of such activities in the farmer’s field or common land. 
 
Even though the social networking status (0.611) contributes a higher value towards overall 
climate vulnerability, 80% of the farms are members in cooperative societies. Nearly half of 
the households received benefits from the programmes and all of them paid beneficiary 
contributions either in terms of money or kind. Over the last two decades, decentralised 
planning has been institutionalised in Kerala with the ‘Panchayati Raj’ system of administration 
and implementation. Despite this only 7.14% of the households participated in the grass root 
level planning. The households expressed reluctance to opine that they received help from 
others. Only 5.7% admitted that they seek help from neighbours, family members or 
governmental institutions. 
Among the sensitivity major components, water contributes the highest (0.471) to the average 
vulnerability. 40% of the households face scarcity of water during the drought season; the 
scarcity period varies between 2-6 months. These households depend on a neighbour’s well 
or public tap for drinking water during this period and water fetching is the sole responsibility 
of the women in the house. 54.30% of the households reported a decline in groundwater 
compared to past years. Severe depletion of natural water sources (0.971) also plays a key 
role in contributing to the sensitivity dimension. 
 
Health components show a positive trend to increase the resilience of watershed communities. 
There were no new disease incidences, waterborne diseases or complaints on poor quality 
drinking water.  
 
Among food components, poor support from the government (0.943) contributes the highest 
to the average vulnerability (0.462). Only a very small percentage of households (1.43%) 
reported food insufficiency which also contributes positively to the resilience of the community. 
Natural disasters due to extreme events were not reported in the area over the last five years. 
 
Climate variability perceptions was more pronounced in temperature (0.943) and hot months 
perception indices (0.929). The extreme climate events perception index (0.043) is very low 
while erratic rainfall perception is (0.929) and contributes to climate variability major 
component. The vulnerability due to adaptive capacity holds the highest value (0.504) while 
the sensitivity of the community is indexed as the least with a value 0.312 and is plotted in 
Figure 2.  
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Figure 2.  Vulnerability triangle diagram of the three dimensions of the Climate 
Vulnerability Index (CVI) 

The vulnerability of Akkiyampadam watershed is 0.443 and it is hypothesised that the CVI 
value varies between 0 and 1 in the analysis. The CVI for a single watershed can be expanded 
to comparative CVI assessment of multiple watersheds to provide deeper insights into the 
three dimensions. This will be carried out in a future part of the research. 

Conclusion 
The study quantitatively evaluated the climate vulnerability at watershed community level in 
one of the highly vulnerable districts of Kerala state. First and foremost, despite the watershed 
programme aims for livelihood support systems, group mobilisation and production system 
improvement, vulnerability due to social networks and livelihood strategies contributes the 
most to the adaptive capacity vulnerability dimension. Policy makers should give priority to 
develop location specific policies and thus to address climate change and variability at the 
bottom level. Socio-demographic profile vulnerability reveals that priority should be given to 
incorporating more income generating activities to address rural poverty and indebtedness. 
 
The farmers in the watershed area are very reluctant to adopt new crops, varieties and 
livestock into their farming. It may be solved by enacting measures to promote new crops 
suited to the agro-climatic conditions, drought resistant varieties and stimulate diversification 
of farm and livelihoods while formulating the action plans for implementation of the watershed 
programmes. Moreover, the programme aims at soil and water conservation measures while 
few farmers perceive the importance of soil erosion and adoption of such activities. This can 
be addressed through conducting more awareness programmes to convey the importance of 
protecting natural resources for present and future generations. Water scarcity and depletion 
of natural resources are major contributing components to the overall sensitivity of the 
watershed area. Kerala is the state which receives the highest average rainfall yet even in the 
midst of plenty of water many regions face extreme water scarcity. Indeed this should be 
considered as one of the main agenda items in future to include, for example, rainwater 
harvesting structures in the WSD programme. 
 
Limitations of our study include the subjectivity in selection of subcomponents and the 
direction of relationship between the subcomponents and vulnerability. This will be addressed 
by applying Principal Component Analysis in future research. In this context, we could just 
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conclude with the value of CVI, but comparison with other watersheds is also needed to place 
results in a larger context. 
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Abstract: Multiple indicators for agroecosystems, sustainable land management, social 
development, rural livelihoods, biodiversity, etc. were already developed many years ago 
(Riley, 2001). Nowadays many of these indicators are used in a more holistic way, 
encompassing several or all of the aspects mentioned. However, this abundancy of 
frameworks, tools and metrics for agricultural sustainability assessment is still growing (Pope 
et al., 2013; Schindler, 2015). How does one navigate between benchmarking systems and 
sustainability assessment tools? What are the key characteristics to describe frameworks, 
metrics and tools that may facilitate the choice between them? How can one select the most 
appropriate for one’s purpose?  Our objective is to provide starting points to answer these 
questions. We performed a literature review regarding the characteristics proposed to discern 
metrics and tools. We used state of the art results from the OECD TempAg network, who 
inventoried integrated sustainability assessment tools and metrics designed for different 
purposes, to divide existing metrics and tools according to these characteristics focusing on 
the purpose, level and end-user. This paper first addresses conceptual aspects regarding 
sustainability assessment. It then describes the method used to define the characteristics, the 
characteristics themselves and finally shows the division of the tools. Our research resulted in 
a list of 25 characteristics, which were grouped into general assessment related information, 
information related to stakeholder participation and indicators related information. The division 
of tools and metrics according to these characteristics raises new questions and starting points 
for future research and helps us to refine our research questions.   
 

Keywords: Integrated sustainability assessment, benchmarking, tool characteristics  

 

Introduction  
Increasing attention toward sustaining the environment in the early ‘90s led to the development 
of tools and metrics to assess sustainable development (Riley, 2001). These tools and metrics 
ranged from indicator lists, assessment models and indexes (Binder et al., 2010). They were 
developed for one or more specific themes or issues, had different aims and were related to 
different systems (Bockstaller & Guichard, 2009; Riley, 2001). At first, the focus was on 
environmental aspects (Rigby & Caceres, 1997 in Binder et al., 2010; Pope et al., 2004), but 
over time these tools were used in more holistic and integrated frameworks (Binder et al., 
2010). Sustainability assessment has become an important aid in the process toward 
sustainability (Pope et al., 2004). It is defined by many authors and can be seen as a process 
which directs decision-making towards sustainability, integrates sustainability concepts into 
decision making or operationalises sustainable development as a guide for decision making 
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by identifying the future consequences of current and planned actions (Bond et al., 2012; Hugé 
et al., 2013; Pope, 2006). Sustainability assessment tools and frameworks are developed to 
assess sustainability and facilitate sustainability assessment (Coteur et al., in press, derived 
from Gasparatos and Scolobig, 2012 and Ness et al., 2007). However, literature on 
sustainability assessment and sustainability assessment tools to support decision making is 
ever-expanding (Binder et al., 2010; Bockstaller & Guichard, 2009; Carof et al., 2013; 
Gasparatos & Scolobig, 2012; Marchand et al., 2014; Ness et al., 2007; Schindler et al., 2015). 
Many diverse processes are described as sustainability assessment due to its broad definition 
(Pope et al., 2004).  
 
Questions arise as to how to navigate between these tools, what are their key characteristics 
and how can one select the most appropriate for one’s purpose? However, literature is lacking 
regarding tool choice and effective use of tools and methodologies (De Ridder et al., 2007; 
Gasparatos & Scolobig, 2012). The objective of this research is to contribute to this gap in 
literature by providing a starting point to answer these questions. We performed a literature 
review regarding the characteristics proposed to discern metrics and tools. Furthermore, we 
used state of the art results from the OECD TempAg network, who inventoried integrated 
sustainability assessment tools and metrics designed for different purposes, to divide existing 
metrics and tools according to these characteristics focusing on the purpose, level and end-
user. This paper first describes key issues regarding sustainability assessment, it continues 
by describing the characteristics of assessment tools and metrics and ends with a discussion 
on existing assessment tools and metrics analysed according to the described characteristics.   

Key issues regarding sustainability assessment  
Many authors have already discussed key-issues regarding the design and use of a 
sustainability assessment (e.g. Binder et al., 2010; Gasparatos & Scolobig, 2012; Gibson, 
2006; Ness et al., 2007; Pope et al., 2004; Weaver & Rotmans, 2006). We will highlight some 
of the aspects of sustainability assessment, but like to stress that this list is not all-inclusive. 
One of the key issues is the contested meaning of sustainability and sustainable development 
(Bond et al., 2013; Hopwood et al., 2005; Pope et al., 2004; Waas et al, 2011). Bond and 
Morrison-Saunders (2013) (in Bond et al., 2013) describe five critical debates of issues related 
to sustainability assessment, two of them related to the concept of sustainability. They state 
that the meaning of sustainability should be formulated for every assessment, taking into 
account the context in which it occurs (Bond & Morrison-Saunders, 2013). The other critical 
debates are related to the indicator selection (holism versus reductionism), the contested time 
horizons and spatial boundaries, and the design of the assessment process itself as well as 
its outcomes (process versus outcome). Also Binder et al. (2010) highlight the need for a well-
defined normative dimension of sustainability assessments, including the concept of 
sustainability (Binder et al., 2010). However, pluralism, a wide variety of views, should be seen 
as an opportunity and is an essential aspect of sustainability assessment (Pope & Morrison-
Saunders, 2013). Therefore, Bond and Morrison-Saunders (2013) conclude, among other 
things, that communication to stakeholders about these debates or issues is crucial to create 
certainty and improve the credibility of the sustainability assessment.   

Not only the assessment itself, but also the tools and frameworks used to facilitate these 
assessments are subject to variety. These assessment tools can have different purposes such 
as certification, communication (non-committal), reporting to policy makers (obligatory), firm 
development or research. Many assessment tools are designed to assess at a specific level 
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of scale. Some will assess the farm level or field level, others the sector level, production 
system level, regional level or the land unit scale. Literature shows that these different levels 
also suggest different end-users (Van Passel & Meul, 2010). Tools assessing the farm level 
will be mostly used by farmers as results can be used to improve the sustainable performance 
of the individual farm. On the other hand, tools assessing sector and regional level are most 
interesting for policy makers as policy measures are drawn up at these levels. Other end users 
of tools can be extension workers, researchers, NGOs or actors of the supply chain. 
Assessment tools can also focus on different aspects of sustainability such as economic, 
social, cultural, environmental or governance aspects. This list of differences is not all-
inclusive as many differences between tools occur. This variety of characteristics should 
however be taken into account when developing or selecting sustainability assessment tools 
and during the design of a sustainability assessment.   

Furthermore, assessment tools are made up of indicators or metrics. Indicators are used to 
describe and determine the state or presence of a complex system (Steunpunt Duurzame 
Landbouw, 2006; UNAIDS, 2010). They measure performance or reflect changes related to 
activities, projects or programmes (UNAIDS, 2010), without necessarily measuring the state 
of the system itself (Steunpunt Duurzame Landbouw, 2006). These indicators can be 
quantitative or qualitative and their results can be visually or numerically integrated. Visual 
integration means that the indicator results are presented together within a table or diagram. 
Numerical integration combines the indicator results to present it as a single index or 
composite indicator (Gómez-Limón & Riesgo, 2009; Van Passel et al., 2007). Data source, 
the way of integration, weighing of the indicators and other factors are important aspects of 
integration and transparency is needed when dealing with composite indicators (Van Passel 
et al., 2007). A system can be represented in a holistic way by using many diverse indicators 
or in a reductionist way by using just a few indicators to assess a whole system.   

When we want to gauge or compare the performance of a system, assessed with an 
assessment tool, we can use benchmarks. Benchmarking means comparing your own 
performance against a standard or with the performance of others. It involves continuous 
measuring, analysing and taking action to improve our performance (Poppe & van Asseldonk, 
2015). There are different ways of setting a benchmark such as a predefined value from 
literature, regulatory standards or a benchmark based on the performance of other systems 
(Binder et al., 2010; Poppe & van Asseldonk, 2015).   

Characteristics for assessment system description  
As the previous section shows, the variety among tools is immense and there are numerous 
ways to categorise frameworks, metrics and tools for agricultural sustainability assessment. 
However, the question remains as to how to navigate and choose between these tools (de 
Ridder et al., 2007; Gasparatos & Scolobig, 2012). What are the key characteristics that may 
facilitate the choice between these tools?   

In the context of the TempAg research collaboration on sustainable temperate agriculture an 
in-depth literature review was performed regarding the characteristics to discern metrics and 
tools. This specific research collaboration focuses on three themes and the literature review 
fits within the first theme “Delivering Resilient Agricultural Production Systems at Multiple 
Spatial and Temporal levels”. A first research question posed within this theme is “How can 
sustainability frameworks, metrics and tools and their implementation be enhanced to 
futureproof agricultural decision making at multiple levels on multiple scales?” To answer this 
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question an inventory of existing frameworks and tools was developed and each tool was 
analysed on the basis of the list of characteristics. The frameworks, metrics and tools that 
were selected are specific to agriculture or applicable to agriculture, developed in and/or 
applicable in temperate climates and designed to assess sustainability in an integrated way 
(at least three dimensions – economic, environmental and social). Emphasis was somewhat 
put on farm level assessments.  

The literature review resulted in a list of 70 characteristics. As the meaning and denomination 
of certain characteristics can vary between authors, characteristics with high similarity were 
clustered and working definitions were formulated. The list has been reduced to 25 essential 
characteristics, for which definitions were univocally formulated. These 25 characteristics, 
presented in Table 2, were grouped according to general assessment related information, 
information related to stakeholder participation and indicators related information.   

    
Table 1. Characteristics for assessment system description  
 

ASSESSMENT RELATED CHARACTERISTICS  
Characteristic  Definition  
Origin    developed in which country or countries  
Initiative   developed on the initiative of ?  
Dating  year of development  
Dimensions of sustainability considered (economic, environmental, scope of assessment - 
social, governance, cultural)  
Perspective on sustainability within scope (definition of sustainability, perspective on 
sustainability used)  
The intended function of the tool: reporting (obligatory), primary purpose of the 
communication (non-committal), firm development, research, assessment certification,…  

Spatial scale of the assessment: field, farm, industry, chain; level of assessment -
national/regional, landscape, global, product,…  
The assessed farm type or production type: general (applicable to all sectors), scope  
(agricultural/food products or farm types); applicable to specific products or farm types (+ 
define which one) 
Is the system represented in a reductionist (few indicators are used in system 
representation to assess the sustainability of a whole system) or holistic (reflects the 
complexity of a system by using many diverse indicators) way?  
The one applying the assessment: individual farmers, extension applying user workers, 
policy makers, researchers,… or a combination: farmer and extension workers (Schindler et 
al., 2015)  
The end-user of the results: individual farmer, farmers in discussion groups, extension 
workers, policy makers, researchers,… or an end-user of results; combination: farmer + 
extension/farmers in discussion groups (Bockstaller et al., 2015; Schindler et al., 2015)  

Method of data collection: interview (individual farmer + extension worker) ; audit (control 
system); self-assessment (tools that can be used and interpreted individually); other  
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Are the indicator scores aggregated? Yes/No; aggregation & weighting - if yes - is it a weighted 
aggregation and to what level?; if yes to weighting - method of weighting?  

Are there reports/documents available for users regarding: content, transparency, purpose, 
method of assessment, indicator scores, interpretation of results, other?  

Is the assessment being used, implemented? If yes; specify: only on level of implementation, 
a project basis, commercially used, used by farmers, used for certification, other. 

STAKEHOLDER PARTICIPATION  
Characteristic              Definition  
What was the type of stakeholder participation for every phase of the assessment?   

Following the 6 stages defined by Binder et al. (2010):  

(1) Preparatory phase: defining context, goal and challenges;  

(2) Indicator selection: choosing the appropriate sustainability 
indicators, taking decisions on including interactions between indicators 
and how to weight indicators;   

(3) Indicator measurement: quantification of indicators and 
stakeholder participation processes (use of statistical data, surveys or 
categorised qualitative data); when? 

(4) Aggregation of indicators: taking decisions on whether or not to 
aggregate indicators, to which extent and how;  

(5) Applicability of the assessment results: the process of getting the 
generated knowledge ready for utilisation in practice;  

(6) Follow-up: reporting results, developing management advice, 
monitoring of indicators over time.  

Who was involved? (farmers, extension workers (advisors), stakeholder participation - who? 
researchers, policy makers, civil society,…)  
What  type  of  stakeholder  participation? stakeholder participation - how? 
(interviews, focus groups, workshops, other)  
Time  requirement  for  data  collection:  time for data collection (categories: < 2 h; 2-4 
h; 1 day; 2 days; > 2 days)  
INDICATOR RELATED CHARACTERISTICS - ACCURACY OF METHOD CALCULATION  
Characteristic  Definition  
Primarily quantitative; primarily qualitative; equally quantitative and indicator type qualitative 
indicators  
Are the data needed to complete the assessment at field level, farm level of data input level, 
product level, regional level or other?  
Type of data used: accountancy, farmers’ knowledge, expert data source information, field 
practices, site practices, other  
What is the number of topics for this dimension? number of topics; number of themes; number 
of indicators  
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Are the data used for assessing correct and reliable?  reliability of data input indicators within 
this dimension; yes for all; yes for most indicators of this dimension; no, data input for many 
indicators is doubtful  
Validation of method: are the calculation methods validated? If yes, what type of validation 
calculation was used?  
What kind of scoring system was used for scoring the indicators of this dimension? 
Benchmarks - which method is used?; expert based scoring - which method is used?; scoring 
from literature; other  

     

A list of initiatives divided by primary purpose, end-user and level of assessment  
The preliminary results of the TempAg inventory show a large variation in development and 
content of the tools. Table 2 shows a variation of initiatives divided by the primary purpose of 
the tool (reporting, firm development, communication, research and certification), the end-user 
(farmer and policy) and the level of assessment (firm, sector and regional level). Farmer and 
policy were chosen as end-user because their aims (developing a farm or building/redirecting 
legislation) might be furthest apart.    

As our original selection of initiatives focused somewhat on the farm level assessments, we 
see a larger amount of tools for the farmer as end-user. We said before that a specific level of 
scale suggests a different end-user. Results from Van Passel and Meul (2011) show 
significant differences between these levels as tools which assess at sector and regional level 
are only used by policy makers. This does however not show from our preliminary data results 
and many tools have multiple assessment levels, serving both the policy maker as well as the 
farmer (e.g. COSA indicators, NZSD, FAO-SAFA, SMART). These tools also have different 
purposes, ranging from firm development to research. These observations should be further 
investigated. Why do so many tools claim at serving both end-users and are these tools really 
used by both end-users? What does assessing at firm, sector or regional level mean for these 
tools? How do they fulfil these purposes and what methods do they use?   

In any way, we need to gain more insight into the differences between these tools. If we do 
need different tools for farmers and policy makers, is it necessary or feasible to align data 
collection and therefore make the assessment more efficient? If there are tools the results of 
which can be used by both the farmer and policy maker, how are these results presented and 
used? Is interpretation of the results more difficult if it needs to serve both the farmer and the 
policy maker?   

Conclusion  
Questions arise on how to navigate between sustainability assessment tools. What are their 
key characteristics and how can one select the most appropriate for one’s purpose?  This 
research resulted in a list of 25 essential characteristics to discern tools and metrics. These 
characteristics were grouped according to general assessment related information, 
information related to stakeholder participation and indicators related information. It is a first 
starting point to guide tool selection as more insight is gained when analysing tools according 
to the characteristics. Furthermore, we divided a number of tools and metrics based on the 
purpose of the assessment, its level and the end-user. This preliminary result showed that a 
number of tools can be used by farmers and policy makers, used at different levels and for 
different purposes. However, these results pose new questions for future research. What is 
the difference between tools designed for a farmer or a policy maker? Do they use the same 
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data source and how does data collection work? Are results presented in a different way and 
how do these end-users use the results in decision making?   

 Table 2.  Initiatives divided by primary purpose, end-user and level of assessment  

    FARMER POLICY 

REPORTING 

Firm Level  

COSA Indicators 
FAO-SAFA 

FLINT 
FtoM 
GRI 

INSPIA 
LEAF-SFR NZSD 

SAI-FSA2.0 
SMART 

SPA 

COSA Indicators 
FAO-SAFA 
FLINT GRI 

NZSD 
SMART 

 
 
 
 
 

Sector Level  

COSA Indicators 
FAO-SAFA 

NZSD 

COSA Indicators 
FAO-SAFA 

FLINT 
  SMART NZSD SMART 

Regional Level  NZSD FLINT NZSD 

FIRM DEVELOPMENT 

Firm Level  

BJCD 
BRP 

COSA Indicators 
DEXiFruits 
DEXiPM 

EISA 
FAO-SAFA 

INSPIA 
KSNL 

LEAF-SFR 
MESMIS 
MOTIFS 
NZSD 

ORC-FAS 
RISE 

SAI-FSA2.0 
SAN-SAS 

ScalA 
SMART 

Veldleeuwerik 

BJCD 
COSA Indicators 

DEXiPM 
FAO-SAFA 

NZSD 
ScalA 

SMART 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sector Level  

COSA Indicators 
FAO-SAFA 

NZSD 

COSA Indicators 
FAO-SAFA 

NZSD 
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  SMART SMART 

Regional Level  
MESMIS NZSD NZSD 

 

COMMUNICATION  

Firm Level  

FAO-SAFA 
INSPIA 
KSNL 

LEAF-SFR 
MOTIFS 

RISE 
SAI-FSA2.0 

SMART 

FAO-SAFA 
FLINT 

SMART 
 
 
 
 
 

Sector Level  
FAO-SAFA 

SMART 
FAO-SAFA 

SMART 
Regional Level  FoPIA FoPIA 

RESEARCH  

Firm Level  

COSA Indicators 
DEXiPM 
MESMIS 
SMART 

 
 

COSA Indicators 
DEXiPM 
FLINT 

SEAMLESS 
SMART 

SVA 

Sector Level  
COSA Indicators 

SMART 
 

COSA Indicators 
FLINT 

SMART 

Regional Level  

FoPIA 
MESMIS 

 
 

FLINT 
FoPIA 

SEAMLESS 
TOA-MD 5.0 model 

CERTIFICATION  
Farm Level  

GlobalGAP 
KSNL 

LEAF-Marque 
SAN-SAS 

 
 
 
 

Sector Level        

Regional Level        
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TempAg: an international research consortium for sustainable agriculture in 
temperate regions 
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Abstract: TempAg is an international research network for national governments involved in 
agricultural research in temperate climates comprising ten countries. The aim of the network 
is to deliver resilient agricultural production systems at multiple levels. This includes specific 
focus on: i) optimising land management to produce food and other ecosystem services at the 
landscape level; and ii) sustainable food production at the farm/enterprise level. The 
consortium has launched three pilot activities to start its ambitious programme. These are: i) 
a survey of experts and the literature to identify concepts of sustainability, how it is currently 
measured and which indicators are important; ii) a stocktaking exercise to overview ecosystem 
services to and from different agricultural production systems and in different scales; and iii) 
a modelling exercise to identify the reasons for yield gaps (i.e. actual farmers’ yields as 
opposed to potential yields under optimal management) and determine ways in which these 
might be closed. Initial assessments show that over the last two decades a multitude of 
frameworks, metrics and tools have been developed to characterise agricultural sustainability. 
The majority of frameworks were focused at farm scale, largely for use for farm development 
with indicator scores being aggregated in many to produce an integrated sustainability 
assessment. It was noteworthy that almost all of the ISAs implemented by farmers were 
associated with a specific commercial or certification context. A separate study showed that 
there was no consensus among individual experts about what constitutes reliable knowledge 
and useable datasets, and thus how agricultural sustainability might best be measured or 
expressed by indicators.  Assessments of ecosystem services is at an early stage but work to 
date indicates few studies where multiple services have been quantified simultaneously in 
agroecosystems. An expert-based survey of yield gaps indicated that nutrient management 
was the overriding factor that largely explained crop yield and yield gaps. In some countries 
environmental legislation is putting up barriers to the amount of nutrients that can be used, 
causing some degree of yield gap, while in other countries it is more an issue of lack of 
resources. 
 
Keywords: TempAg, agricultural sustainability, agricultural production systems, land 
management, indicators of sustainability 
 
Introduction 
TempAg is an international research network for national governments involved in agricultural 
research in temperate climates. Following preliminary support by the OECD, the network was 
launched in April 2015. Membership is by country, with each national government represented 
by a lead organisation for that country. The membership on 1 June 2016 was Belgium, Finland, 
France, Germany, Netherlands, New Zealand, Norway, Sweden, Switzerland and United 
Kingdom, with the OECD as an associate member. 
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The network seeks to increase the impact and return on the investments that members make 
in their national research programmes. TempAg’s activities aim to enable communication 
between, and coordination of, existing and new research and technology as well as identify 
areas of research relevant to scientists and policymakers alike that are currently not 
addressed at an international level. The overarching goal of the network is to deliver resilient 
agricultural production systems at multiple levels. This includes specific focus on: i) optimising 
land management to produce food and other ecosystem services at the landscape level; and 
ii) sustainable food production at the farm/enterprise level.  
 
Temperate agricultural systems include a number of characteristics that distinguish them from 
tropical systems including: 1) seasonality, leading to well-defined operations and growing 
periods and seasonally-dependent pest and disease incidence (although some tropical areas 
may also share some such seasonal characteristics); 2) less weathered soils, with different 
fertility characteristics and slower soil organic matter dynamics; 3) substantial inputs of 
fertilisers, agrochemicals or mechanisation in different combinations; 4) substantial 
investment by the private sector favouring investment in “high-value” crops such as wheat, 
soya, oil seed rape (canola), maize (corn) and potato, and in improved grasslands; and 5) 
globally the highest yields (mainly due to 2, 3 and 4). 
 
The consortium has launched three pilot activities to start its ambitious programme. These 
are: i) a survey of experts and the literature to identify concepts of sustainability, how it is 
currently measured and which indicators are important; ii) a stocktaking exercise to overview 
ecosystem services to and from different agricultural production systems and in different 
scales (including livestock and orchards as well as cropping systems); and iii) a modelling 
exercise to identify the reasons for yield gaps (i.e. actual farmers yields as opposed to potential 
yields under optimal management) and determine ways in which these might be closed. 
 
In this paper we focus on the highlights of the on-going study of indicators of sustainability 
(see Wustenberghs et al., 2015 and de Olde et al., 2016 for full details) and briefly outline 
progress of the other two activities. 
 
Indicators of sustainability 
The question underlying this activity is ‘How can sustainability frameworks, metrics and tools 
and their implementation be enhanced to futureproof agricultural decision-making at multiple 
levels on multiples scales?’ Over the last two decades a multitude of frameworks, metrics and 
tools have been developed to characterise agricultural sustainability aimed at a variety of 
potential end users. TempAg has promoted activity to determine what methodologies are 
currently being used, how they came into being and the relations between assessment method 
and purpose. 
 
Wustenberghs et al. (2015) assessed 170 different frameworks and found that 53 of them 
were specific to temperate agriculture with all 53 having social, economic and environmental 
components; some also incorporated either cultural or governance elements or both. An email 
survey of those who had developed the frameworks produced 38 responses from which it was 
possible to ascertain some common features of content and users. The majority of the 
respondents had developed frameworks that were focused at farm scale (70%), largely for 
use for farm development (59%). Most had end users involved from the start and, for those 
that did, the type of indicators included tended to be quite broad and small in number. 
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Typically, indicator scores were aggregated to produce an integrated sustainability 
assessment (ISA) with 41% of the ISAs using weighting of indicator scores before 
aggregation. 
 
The ISAs produced had been implemented in several ways. Only 10% had definitely not been 
implemented (with an additional 10% where the outcome was unknown) with about one-third 
of those that had been implemented used only within the project for which they were 
developed. It was noteworthy that almost all of the ISAs implemented by farmers were 
associated with a specific commercial or certification context. 
 
TempAg has also encouraged work that examines the motives and criteria underpinning the 
selection of indicators of sustainability (de Olde et al., 2016). As shown in the study by 
Wustenberghs et al. (2015), a large number of indicators has been proposed in the many 
frameworks for assessing sustainability raising questions about their validity and usefulness, 
and the trust that can be placed in them. De Olde et al. (2016) asked two groups of experts, 
comprising 38 respondents, to rank the relative importance of eleven criteria for selecting 
individual sustainability indicators and of nine criteria for balancing a collective set of 
indicators; agreement on such matters is important if the selection, weighting and aggregation 
of criteria is to gain widespread acceptance. The survey found no consensus among the 
individual experts about what constitutes reliable knowledge and useable datasets, and thus 
how agricultural sustainability might best be measured or expressed by indicators.  
 
A conclusion of this work is that the transparency, relevance and robustness of sustainability 
assessments could be substantially improved if the context of the assessment and the 
prioritization of the selection criteria for indicators were more openly accounted for in, for 
example, a collaborative design process (de Olde et al., 2016). Such a process could start by 
recognising how sustainability is operationalised in different contexts, and at different scales 
and levels. Participation in the process by which indicators and sustainability assessment tools 
are established may prove a more important determinant of their success than the final shape 
of the assessment tools. Such an emphasis on process would make assessments more 
transparent, transformative and enduring. 
 
Progress with ecosystem services and yield gaps 
TempAg’s two other pilot activities have focused on the multifunctionality of land use as 
expressed through assessments of ecosystem services, and on the assessment of yield gaps. 
 
Ecosystem services 
The ecosystem activity is reviewing: i) which ecosystems have been most studied, both those 
obtained from agriculture and those delivering services to agriculture; ii) what combinations of 
services have been studied together to address multi-functionality and synergies or trade-offs; 
and iii) which agri-ecosystems (e.g. grasslands, cereals) have been studied with an ecosystem 
approach. The work to date has largely involved data mining of the scientific literature.  
 
Text analysis and a web search found 2,800 papers which had mentioned ecosystem 
services. From these 10% were selected, abstracts read, and papers classified into studies 
relevant and non-relevant to agriculture. Further analysis distinguished between those that 
implicitly assess ecosystem services based on broad scale indicators/proxies and those that 

1263



contain quantitative measures of ecosystem services in agricultural studies and examine 
production functions; only a few papers were found to contain studies of production functions.  
 
Preliminary analysis of the surveys to date indicates that the research community is 
fragmented with little communication between groups. Moreover, very few projects have 
analysed multiple ecosystem services; most studies have examined only one service, some 
have explored two or three services, while the maximum was 34. Most studies have assessed 
ecosystem services employing proxies for broad scale indicators. A large number of these 
proxies mention the importance of landscape, but only by proxy, rather than using a clear 
measure.  Finally, making assessments using production functions is a topic that could lead 
to policy advice, but this approach is rare.  
 
Yield gaps 
This activity has been advanced through two complementary work packages: the first uses 
local crop, weather and soil data to model crop growth and yield and then scales up to a 
national level; the second has used a semi-quantitative survey that has been responded to by 
11 countries. 
 
The modelling activity has mainly been with cereal crops. The initial selection of data is often 
from locations based on hotspots of crop production which are then modelled and results 
verified at various local points and then again at national level. Work has been completed for 
several European countries and is being extended to Uruguay, USA, Ukraine and Australia.  
 
The purpose of the survey was to explain crop yields, crop yield gaps and, to a certain extent, 
resource use efficiency, examining factors that directly influence crop yields and crop 
management factors combined with physical conditions such as soil and climate. The semi-
quantitative survey received assessments for 17 wheat, 13 barley and 8 maize crops. The 
detailed results can be found in López Porrero (2016), but crop management was regarded 
as the most important factor to explain yields that were less than the potential yield.  Nutrient 
management was the overriding factor that largely explained crop yield and yield gaps. In 
some countries environmental legislation is putting up barriers to the amount of nutrients that 
can be used, causing some degree of yield gap, while in other countries it is more an issue of 
lack of resources. 
 
Concluding remarks 
The work of all three activities is ongoing and will be added to following a stakeholder 
workshop planned for October 2016 in London. Current plans include: 1) exploration of how 
the topic of integration and normalisation of sustainability indicators used by different 
stakeholders might fit with the other two activities; 2) tabulation of which ecosystem services 
have been studied together in agroecosystems followed by examination of trade-offs, 
synergies and clusters. There will be consideration of ecosystem disservices and how they 
should be treated together with how human inputs might best be related to ecosystem services 
in agriculture; and 3) continued refinement of yield gap analysis by expansion to 
considerations of efficiency of resource use and technology gaps, based on a recently 
developed method, plus expansion of work on trade-off analysis for food production, yield 
gaps, resource use efficiency and environmental impacts. The latter will involve estimating 
resource use efficiencies not just for land and water but also for nutrients, greenhouse gasses, 
energy and labour.   
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Abstract: A myriad of sustainability assessment (SA) frameworks, metrics and tools have 
been developed. As the TempAg network aims to deliver resilient agricultural production 
systems, inter alia by comparing their sustainability performance, the first step was to identify 
currently used SAs and discern their characteristics. Therefore, from an SA inventory, 
integrated sustainability assessment (ISA) methods (assessing multiple dimensions) for 
agriculture were selected for an in-depth survey with the ISA methods’ developers or users. A 
large variation in ISAs was found. Strictly reductionist representations were rare, but holistic 
ones ranged from less than ten to hundreds of indicators. Next to farm development, other 
(combinations of) purposes were found: a wide range of end-users; a spectrum of data 
collection, processing and scoring methods; and variate methods to combine indicators into 
an ISA. Stakeholder involvement in ISA development was found to be common practice, 
especially in the early phases, defining the sustainability framework and selecting the 
indicators. This first pilot activity shed some light on the complexity of ISA methods and the 
variability in their characteristics. Further research may reveal how they can be sufficiently 
enhanced to futureproof agricultural decision making.  
 

Keywords: Integrated sustainability assessment, developers’ survey, characteristics 
analysis 

 
Introduction  
What is “sustainable agriculture”? How is it perceived in different regions and contexts? How 
can agriculture’s sustainability be assessed? In trying to answer these questions, a myriad 
of frameworks, metrics and tools have been developed. Assessments originated top-down 
or bottom-up; with or without stakeholder involvement; aiming at farm development, food 
certification, policy evaluation, global reporting, etc. For TempAg, an international research 
consortium for sustainable agriculture in temperate regions (Gregory & Kougioumoutzi, 
2016), one of the aims is to deliver resilient agricultural production systems, inter alia by 
comparing their sustainability performance. Therefore, the first step was getting to grips with 
the currently used sustainability assessment frameworks, metrics and tools, how they 
originated and how different purposes resulted in different methods. This paper reports on 
TempAg’s Pilot Activity 1.1.1, in which efforts for assessing sustainability in temperate (non-
tropical) countries were surveyed.  

Material and Methods 

Inventory of sustainability frameworks, metrics & tools  
In 2001 Riley noticed an “explosion” of indicators for agroecosystems, sustainable land 
management, biodiversity, social development, rural livelihoods, natural resources 
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conservation, etc. Nowadays many of these indicators are used in more holistic frameworks, 
integrating several or all of the aspects mentioned. However, the universe of frameworks, 
metrics and tools for sustainability assessment is ever-expanding (Pope et al., 2013; 
Schindler, 2015). Any attempt at an assessment inventory can therefore at best be 
comprehensive, but not exhaustive.  

For this pilot activity we could elaborate on earlier compilations of frameworks, metrics and 
tools, such as the ones made for the SAFA framework (FAO, 2013), by the TempAg network 
and by ILVO (Marchand et al., 2014). These inventories were complemented through study 
of peer reviewed, grey and internet literature. The inventory currently contains about 170 
sustainability frameworks, metrics and tools.  

From this inventory, a selection was made for further evaluation. Frameworks, metrics and 
tools were included, if they were: (1) specific to agriculture or applicable with minor 
modifications; (2) developed in and/or applicable in temperate climates; (3) designed to 
assess sustainability. As sustainability is commonly seen to encompass at least three 
dimensions - economic, environmental and social sustainability (Brundtland, 1987; Schindler 
et al., 2015) - integrated sustainability assessment (ISA) methods, assessing at least these 
three dimensions were preferred. ISA methods were not specifically selected on their scope, 
level or scale, although emphasis was put somewhat more on farm level assessments. The 
selection revealed 51 ISA methods, from all over the world, with broad ranges of scopes, 
assessment levels and data gathering scales, which were subsequently surveyed.  

Survey of assessment system characteristics  
How does one navigate between the myriad of sustainability assessments? How can one 
find the way to the right tool for one’s purpose? Are there any dots and lines to make up a 
map? In other words: what are the key characteristics to describe frameworks, metrics and 
tools that may facilitate choice? The review of characteristics proposed to discern ISA 
methods is discussed by Coteur et al. (2016). They selected 25 essential characteristics, 
which provided the basis for a survey on: (1) the general ISA characteristics; (2) stakeholder 
participation in ISA development; and (3) the use of indicators in ISAs.   

Qualtrics Research Suite was used to build a web-based questionnaire. E-mails were sent 
out to the ISA’s developers or users, inviting them to take part and providing them with a 
questionnaire link. Information on 38 ISAs was retrieved, i.e. a 75% response rate. We feel 
confident that this sample is representative of the selected ISAs, that no specific ISA type or 
origin was left unsurveyed and that non-response was sufficiently random.  

The survey responses were first analysed descriptively per characteristic. Second, relations 
between the characteristics were sought. For the continuous variables Pearson correlation 
coefficients were calculated. In the survey, however, most of the questions had multiple 
nominal categorical answering possibilities. These categories were converted to 
dichotomous variables (an option is used yes/no). Associations between these variables 
were determined by calculating tetrachoric correlation coefficients in SAS 9.4 software. The 
tetrachoric correlation - that rests on the assumption of underlying normally distributed 
variables (Bonnet & Price, 2005) - was preferred to the phi-coefficient - the linear correlation 
between underlying inherent dichotomous distributions (Chedzoy, 2006) - because of the 
calculation ease for many variables at once. Since Ekström (2011) ascertained a continuous 
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bijection between both association measures, the underlying joint distribution should not 
have a substantial impact on the conclusions drawn from the analysis.  

Results  

Descriptive analysis of assessment characteristics  
Of the 38 ISA methods for which the survey was filled out 20 were developed in western 
Europe and 14 at the international level. Only 3 originated from North and Central America 
and 1 from New Zealand. The distribution in the responses reflects the origins in the 
inventory, in which ISAs from Eastern Europe, Asia, Africa and South America are scarce or 
even lacking.  

General assessment characteristics  
The survey results are discussed below per ISA characteristic.  

• Scope of the assessment: 31 (80 %) of the surveyed frameworks, metrics and tools 
assess at least 3 sustainability dimension. Almost all methods assess the economic, 
environmental and social dimensions, 10 ISAs also assess the governance dimension. 
Other assessment dimensions mentioned include culture (“way of life”), plant cultural 
practices, animal welfare, entrepreneurship, innovations, multifunctionality and services.  

• Perspective on sustainability: only a minority of ISAs (7) look at sustainability from 
a societal point of view, 16 take the farm's perspective. Most respondents ticking “other”, 
indicate that their ISA takes mixed points of view, e.g. “both societal and farm”, “farm and 
regional”, “societal and distributer and farmer”. Also the “value chain” perspective is 
mentioned.  

• Primary purpose of the assessment: reflecting our ISA selection criteria, farm 
development is the primary purpose (intended function) of almost 2/3rd of the ISAs. 
Research, reporting and communication are each mentioned for almost 1/3rd of the ISAs. 
For over half of the ISA’s multiple purposes were reported.  

• Level of assessment: even more than farm development is a main primary purpose, 
the farm is the main level of assessment (26 ISAs). Indeed, purposes such as identifying 
good practices, management optimisation or thinking and talking about sustainability are 
also supported by farm level methods. Field, chain, landscape and national/regional level 
are only mentioned for 8, 7, 5 and 5 ISAs respectively. For 27 ISAs (73%) only one 
assessment level is reported.  

• Sector scope: the majority of the ISAs are general, they can assess all farm types. 
Some are developed and/or mainly used in specific farm/production types, e.g. 
DEXiFruits, Ben & Jerry’s Caring Dairy. Some ISAs consider more than farming, e.g. also 
forestry and fisheries (e.g. GlobalGAP, SAFA) or also processing of agricultural 
commodities (e.g. Field to Market).  

• System representation: only 2 respondents (5%) claim that their ISA represents the 
agricultural system in a reductionist way, i.e. “few indicators are used to assess the 
sustainability of a whole system” (MESMIS and Sustainable Value Added); half of the 
respondents (51%) state a holistic representation, “reflecting the complexity of a system 
by using many divers indicators”; and 43% state a combination of both, including the 3 
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ISAs that use only 8 indicators. As the economic dimension is handled in a more 
reductionist way than the environmental dimension, many ISA methods indeed use a 
"combination" of representations.  

• Applying users: people carrying out the assessments are quite diverse. In 18 ISAs 
researchers are still involved in the implementation. Almost as important are farmers and 
extension workers (advisors, consultants). 17 respondents report that the assessment is 
a joint effort by several people with different functions e.g. farmer + advisor. Other 
applying users mentioned are NGO’s or supply chain actors.  

• End-users: individual farmers are the end-uses of the result of 3/4rs of the ISAs. The 
results of 1/2 of the ISAs can also be used in farmers' discussion groups. Only 3 
respondents claim their ISA has a single type of user, for all other ISAs multiple end-
users are foreseen (up to 8 types for the GRI G4 Sustainability Reporting Guidelines). 
Other end-users mentioned are students, policy makers, civil society, capital providers, 
operators in the supply chain, retailers, consumers, etc.  
 
• Time needed for data collection: for only 5 ISA methods it takes less than 2 hours 
to collect the necessary data. For 14 ISAs data collection takes 2 to 4 hours (half a day), 
but for 12 ISAs it takes 2 days or more.   

• Data collection methods: interviews and self-assessments are both used in over 
half of the ISAs. Audits are used in 7 ISAs. Other methods include field measurements, 
animal welfare appraisal by vets, focus group discussions, surveys, public data, literature, 
etc. 17 ISAs use only one method, 20 use combinations of methods.  

• Indicator aggregation and weighting: 2/3rd of the respondents indicate that the 
indicator scores in their ISA are aggregated (Figure 1). Aggregation methods such as 
multi-criteria analysis, average scores per theme, simple sums and weighted sums are 
used. From the 22 ISAs that apply indicator aggregation, 15 weight the indicator scores 
before aggregation and again a variety of methods is described. A few methods leave the 
weights open, to be determined ad hoc by different users.   

 
  

Figure 1. Aggregation of indicators scores and weighting in case of aggregation  

• Transparency: only 2 respondents state that no background documents are 
available about their ISA. Otherwise the ISA transparency seems quite well insured: for 

no aggregation 
% 32 

yes  - weighted 
41 % 

yes  - unweighted 
19 % 

yes  - no response 
8 % 

aggregation 
68 % 

no aggregation 
yes - weighted 
yes - unweighted 
yes - no response 
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10 ISAs documents are available on 5 topics, for 13 ISAs background documents are 
even available for all 6 topics mentioned in the survey.  

• Implementation: “is the assessment being implemented?” was answered by 34 
respondents, of which 30 said “yes”. 23 ISA’s were implemented, of which 10 were 
implemented only on the project basis, which might indicate that for 1/3rd of the ISAs 
implementation never went beyond the project where they were developed (yet). For the 
ISAs that are used by farmers, the respondents almost always indicate a combination 
with commercial use or certification use. Only 3 ISAs are implemented for farmers’ private 
use only, outside a commercial/certification context. All 3 are linked to implementation on 
project basis.  
 

Stakeholder involvement  
Binder et al. (2010) defined 6 stages in ISA development and implementation:  

1. Preparatory phase: defining context, goal and challenges (framework);  
2. Indicator selection: choosing appropriate sustainability indicators, taking    
decisions on including interactions between indicators and weighting indicators;   
3. Indicator measurement: quantifying indicators and processes (use of 
statistical data, surveys or categorised qualitative data);  
4. Aggregation of indicators: deciding on whether or not to aggregate indicators, 
to what extent and how;  
5. Applicability of the assessment results: getting the generated knowledge 
ready for utilisation in practice;  
6. Follow-up: reporting results, developing management advice, monitoring over 
time.  

We surveyed stakeholder involvement in each of these phases.   

Stakeholder involvement was revealed to be common practice in the first two phases: in 
94% of the ISAs, for which we received an answer, stakeholders played a part in defining 
the framework and in indicator selection. Stakeholder participation then falls back somewhat, 
but was in either phase still used in over 70% of the ISA methods. Focus groups are the 
most frequently employed methodology for stakeholder participation.  

In all phases researchers are the most frequently involved stakeholders (Figure 2). In 2/3rd 
of the assessment methods, farmers were involved in the preparatory phase. Their 
involvement deceases as the development progresses, but reaches 2/3rd again in the last 2 
phases. Extension workers (advisors) mainly intervene in the 3rd and 6th phase, i.e. in 
indicator quantification and in follow-up/implementation. If involved, civil society (including 
NGOs) and policy makers mainly intervene in the early phases. Other stakeholders 
consulted are food chain and retail representatives.  
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phase 1 phase 2 phase 3 phase 4 phase 5 phase 6 

  
Figure 2. Percentage of ISAs in the survey in which different types of stakeholders are 
involved in each of the 6 phases of ISA development and implementation.  

Indicator related information  
33 out of 38 respondents answered "yes" to the question whether indicator related 
information is available (2 answered “no”, 3 did not respond). Only if this question was 
answered in the affirmative, and respondents had stated before that a particular 
sustainability dimension is assessed in their ISA, were they shown the subsequent questions 
on the indicators in each dimension. The following analysis is thus based on a variable 
amount of responses (Table 1 and Table 2).  

• Numbers of themes and indicators per sustainability dimension: a large 
variation is reported in the numbers of themes used to describe each sustainability 
dimension, from only 1 to 25 (Table 1). The number of indicators shows even more 
variation, from only 1 economic indicator in the OCIS Public Goods Tool, up to 300 social 
indicators in OXFAM’s Behind the Brands Scorecard. The smallest total numbers of 
indicators are used in the Fieldprint Calculator, the SAI Sustainability Performance 
Assessment, the TOA-MD 5.0 model (8 indicators each) and the Farm Route Planner (10 
indicators). At the other end of the spectrum, 700 indicators make up the Sustainability 
Monitoring and Assessment RouTine (150 economic, 200 environmental, 200 social and 
150 governance indicators). The majority of ISAs use more themes and more indicators 
to describe the environmental dimension than to describe the economic and social 
dimensions. The numbers of themes per dimension are quite well correlated and the 
number of indicators are extremely well correlated (Table 4).  

• Indicator types: for the economic and environmental dimensions mainly quantitative 
indicators are used, or a mix of quantitative and qualitative indicators. For the social 
dimension only few methods exclusively use quantitative indicators, for the governance 
dimension none do (Table 2).  
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Table 1. Numbers of themes and indicators per dimension in the ISAs in the survey  
 

Dimension  Economic Environmental Social Governance Total  
ISA 

N responses  25 28 25    7   29 
Themes  median  4 6          3    5   15 

 min  1 3          2    1    5 

 max  19 18 25   14 198 

Indicators  median  9      22.5 18   19  64 
 min  1 5          2    1    8 

 max  150 200 300 150 700 

 
 
Table 2.  Indicator types used per sustainability dimension in the ISAs in the survey 
 

Dimension  Economic  Environmental  Social  Governance  

N responses  28 31 28 8 
Primarily quantitative  50% 52% 14%      0% 
Primarily qualitative  21% 19% 36% 38% 
Equally quantitative and 
qualitative  

29% 29% 50% 63% 

 

• Level of data input: for all dimensions the farm and the farmer are the main levels 
of data input. The field, product or region levels are less prevalent in the surveyed ISAs. 
Other levels mentioned include the supply chain, community, a mix of levels for the 
environmental dimension and the farm family for the social dimension.  

• Data sources: farmers' knowledge is the data source most tapped into by ISAs: in 
75% of the methods and for all sustainability dimensions. The accountancy is a source 
for economic data in 60% of the methods, but also for environmental, social and 
governance data it is still used quite frequently. About half of the methods also need 
expert information. Field and site practices obviously are mainly used for economic and 
environmental indicators. Other data sources mentioned for the economic dimension are 
literature and modelling; for the environmental dimension, expert systems; for the social 
dimension, the community, regional sources, household survey, survey with farm 
workers; and for the governance dimension, local policies.  

• Indicator scoring: for the economic and environmental indicators, scoring systems 
based on benchmarks are most used (75 and 85% respectively). Expert based monitoring 
becomes more important for the social and especially for the governance indicators. 
Several respondents report a mix of scoring systems within one dimension.  

• Reliability of data input and indicator validation: here non-response rates range 
from 18% for the economic dimension to 37% for governance. Do respondents feel this 
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is sensitive information and thus are reluctant to answer? Or were “reliability” and 
“validation” insufficiently explained?  The share of respondents stating that data input for 
all indicators is reliable is smallest for the social dimension. None of the respondents 
indicate that the data input for the economic indicators is doubtful. One does so for the 
environmental and 5 for the social indicators. Potential causes might be related to the 
data sources or the more qualitative nature of the social and governance indicators. If so, 
are these indicators less reliable per se or do the ISA developers/users feel less 
comfortable with qualitative indicators?  About 2/3rd of the respondents state that the 
economic and environmental indicators in their ISA methods are validated. Only about 
1/3rd does so for the social and governance indicators. Validation methods include 
resource data validated in previous studies, comparison with other methods, peer review, 
checking results with experts (e.g. accountants in the case of the economic indicators) 
and participative group validation.  

 

Relations between assessment characteristics  

Correlations between numeric assessment characteristics  
In the questionnaire a number of options were given for most general ISA characteristics. 
Many respondents ticked several options, indicating e.g. multiple primary purpose. The 
numbers of attributes per general assessment characteristic proved to be quite well 
correlated (Table 3). The number of primary purposes (intended functions), number of 
dimensions considered, number of assessment levels (spatial scales), number of applying 
users (carrying out the assessment), number of end-users (using the assessment results), 
and number of ISA components for which background documents are available, all proved 
positively correlated. The correlations are not very strong, but many of them are statistically 
(very) significant. ISAs with more purposes thus usually also consider more dimensions, are 
assessed on more assessment levels, are applied by more users, can serve more end-users 
and have more types of background documents available.   

Table 3. Correlations between the numbers of attributes of the general ISA 
characteristics  
 
 

 
 

   
   

N° dimensions 
considered  

0.407  
0.012  

0.475  0.366  
0.026  

0.480  0.257  
0.125  

0.148  
0.384  

-0.121 
0.488  

0.258  
0.141  0.003  0.003  

N° primary 
purposes   

1  
  

0.419  0.363  
0.027  

0.291  0.279  0.251  
0.133  

-0.020 
0.911  

0.355  
0.040  0.010  0.081  0.095  

N° assessment  
levels   

  
  

1  
  

0.303  0.442  0.303  0.115  
0.498  

0.168  
0.335  

-0.012 
0.944  0.068  0.006  0.068  

N° applying 
users  

  
  

  
  

1  
  

0.545  0.274  
0.101  

0.320  
0.053  

0.082  
0.640  

0.131  
0.460  0.001  

N° end users    
  

  
  

  
  

1  
  

0.427  0.465  
0.004  

0.137  
0.433  

-0.139 
0.433  0.008  
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N° types 
background docs  

  
  

  
  

  
  

  
  

1  
  

0.248 
0.139  

0.373 
0.027  

0.300  
0.085  

N° phases with 
stakeholders  

  
  

  
  

  
  

  
  

  
  

1  
  

0.126  
0.471  

0.102  
0.565  

Pearson Correlation Coefficients and Probability > |r| under H0: Rho=0. Statistically significant correlations are 
highlighted for probabilities ≤ 0.01, ≤ 0.05 and ≤ 0.10 respectively.  

 
Table 4. Correlations between the numbers of themes (above the diagonal) and the 
numbers of indicators (below the diagonal) per sustainability dimension  
 

 
Pearson Correlation Coefficients and Probability > |r| under H0: Rho=0. Statistically significant correlations are 
highlighted for probabilities ≤ 0.01, ≤ 0.05 and ≤ 0.10 respectively.  

ISA complexity  
The correlations above point to some kind of continuum among the ISAs with increasing 
complexity. Marchand et al. (2014) proposed characteristics to discern the complexity of 
indicator based sustainability assessments at farm level. They observed a continuum 
between two extremes: the full sustainability assessment and the rapid sustainability 
assessment. Full SA tools make use of detailed farm data and/or expert information, need 
trained advisers and/or expert visits to gather the data, and are rather long and expensive in 
duration. Rapid SA tools represent the other side of the spectrum. They use farmer’s 
knowledge or readily available data, allow an audit by the farmer or an adviser, and are 
relatively short in duration. Based on these observations, one might for our sample of ISAs 
expect a relation between the number of indicators in a sustainability dimension and the 
numbers of data sources, methods for data collection and levels of assessment. However, 
this relation could not be confirmed: no significant correlations were found between these 
numeric values.   

In addition, between the total number of indicators in the assessment systems and the time 
needed for data collection, no relation was found (Figure 3). Some combinations seem quite 
logical, e.g. > 2 days to collect the 300 indicators for OXFAM’s Behind the Brands Scorecard. 
Some combinations seem counterintuitive, but can be explained by the method of data 
collection. For DEXiFruit, for example, < 2 hours suffice to collect the data to calculate 175 
indicators using existing databases complemented with expert knowledge. By contrast data 
collection for the TOA-MD 5.0 model takes > 2 days for 8 indicators, but the indicators need 
to be modelled. It’s not so much the number of different data collection methods that seems 
to determine the duration of data collection, as the type of method.  
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Figure 3. Time needed for data collection versus total number of indicators per ISA.  

Associations with primary purpose and end-user  
From the descriptive analysis it already became clear that not all ISAs cover all sustainability 
dimensions: some have a broader scope than others. The tetrachoric correlation analysis 
between the individual dichotomous ISA characteristics showed that the assessment scope 
is associated with both its primary purpose and its intended end-user. The primary purposes 
communication and farm development are strongly associated with the presence of an 
economic dimension (Table 5). On the contrary, the certification purpose is associated with 
the absence of an economic dimension. Farm development is also strongly associated with 
having an environmental dimension, while the other purposes are not. Regardless of the 
end-user of the ISAs the environmental dimension is most prevalent (tetrachoric correlation 
> 0.98 for all types of end-users) (Table 6). The economic dimension is most likely assessed 
if the end-users are policy makers, researchers or farmers in discussion groups. Individual 
farmers are not significantly associated with the economic dimension, probably because this 
dimension was significantly absent from certification systems and the individual farmer is an 
important end-user for those.  

The social dimension is strongly associated with policy makers. The governance dimension 
is associated with research, policy makers and farmers in discussion groups.  
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Table 5. Associations of some general ISA characteristics with the primary purpose 
of the assessment  

  

  

  

  

  

  

Primary purpose  

Reporting  Communication  Farm 
development  Research  Certification  

Corre- Pr > 
lation     χ²  

Corre- Pr > 
lation      χ²  

Corre- Pr > 
lation     χ²  

Corre- Pr > 
lation     χ²  

Corre- Pr > 
lation     χ²  

Assessment 
scope:  
dimensions  

economic 
environm. 
social 
governance  

-0,068   0,834 
0,977   0,227  

-0,310   0,367  
0,352   0,252  

0,976   0,041  0,669  0,018  0,269   0,423  
-0,262   0,537  
0,082   0,824  
0,068   0,834  

-0,576  0,090  
0,977     0,254  
0,971     0,101  
0,121     0,709  

0,999   0,052  0,920   0,492  
0,973   0,324  

-0,964   0,220  
0,491   0,138  
0,431   0,172  

Assessment 
level: spatial 
scale  

field farm 
industry 
chain 
nat./regional 
landscape 
other  

0,160   0,593  
0,061   0,831  

-0,981  0,016  0,058   0,843  0,394   0,169  -0,967   0,149  
0,238    0,419  
0,357    0,298  
0,307    0,312  

-0,139    0,696  
-0,139    0,696  

0,481  0,064  -0,548  0,036  0,973  0,082  
0,999  0,001  0,982  0,034  0,310   0,367  -0,973   0,324  

-0,965   0,181  
-0,966   0,267  
-0,966   0,267  
-0,964   0,220  

0,689  0,010  0,501  
-0,592  
-0,592  

0,096  
0,052  
0,052  

0,487  0,090  
-0,185   0,597  0,475   0,128  
-0,976  0,050  0,727  0,011  
0,352  0,252  -0,976  0,041  -0,158  0,609  0,068   0,834  

Tetrachoric Correlation Coefficients and Probability > Chi Square under H0: Rho=0. Statistically significant 
correlations are highlighted for probabilities ≤ 0.01, ≤ 0.05 and ≤ 0.10 respectively.  

The associations of primary purpose with assessment level point to different spatial scales 
being assessed for different purposes (Table 5). The reporting purpose is strongly 
associated with industry-wide and chain level assessment, but the landscape level is absent. 
ISAs with a communication purpose do not use field level assessment (negative 
association). If the purpose is farm development, assessment can be performed at farm, 
industry or chain level, but not at landscape, regional or national level. The ISAs with a 
research purpose focus on landscape or chain level assessment, but not on the farm level. 
ISAs with a certification purpose, by contrast, are strongly associated with farm level 
assessment.   

Concerning the end-users, the assessment level associated with individual farmers is the 
farm (Table 6). This is probably linked with the certification tools in the survey that have the 
farm as assessment level. The larger spatial levels - landscape, or national/regional - are 
not used for individual farmer’s assessments. These level are rather associated with policy 
makers, who are also strongly associated with the industry wide level and with the chain 
level. They are not concerned with the farm or field assessment levels. Rather surprisingly, 
the extension worker (advisor) as end-user is strongly associated with the field and the 
whole industry assessment levels, not with the farm level. 
 
Another interesting association is found between the individual farmer as end-user of the 
ISA results and the system representation. The association is negative for holistic ISAs (- 
0.507), but positive for combinations between holistic and reductionist representations 
(0.646, both significant). This indicates that reductionism is important when farmers use 
ISAs. This is consistent with Schindler et al. (2015), who argue that reductionist methods 
might facilitate the communication of complex and complicated information, but also risk 
losing sight of the complex and often characteristic picture of reality and of what is important 
at the local level. Sustainability assessment should thus allow some complexity, but above 
all provide sufficient stakeholder interaction to understand the local context and to elaborate 
indicators that fully represent the analysed system, while remaining useful.  
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Table 6. Associations of some general survey characteristics with the end-user of the 
assessment  

  

  

  

  

  

  

End user: who is using the results of the assessment?  

Individual  
farmer  

Farmer in  
discussion 
groups  

Extension  
workers  

Policy  
makers  Research  

Corre- Pr > 
lation     χ²  

Corre- Pr > 
lation     χ²  

Corre- Pr > 
lation     χ²  

Corre- Pr > 
lation     χ²  

Corre- Pr > 
lation     χ²  

Assessment 
scope:  
dimensions   

economic 
environm. 
social 
governance  

0,179   0,585  0,571  
0,992  

 0,055  
 0,083  

0,125   0,692  
0,982   0,142  

-0,491   0,138  
0,422   0,158  

0,987  0,008  0,604  0,039  
0,999  0,014  0,982   0,142  0,995  0,072  
0,012   0,974  
0,172   0,621  

0,020    0,954  0,982  
0,669  

0,034  
0,018  

0,422   0,211  
0,538   0,075  0,991  0,004  

Assessment 
level:  
spatial scale  

field farm 
industry 
chain 
nat./regional 
landscape  

0,304   0,353  0,435    0,123  
0,127    0,641  
0,352    0,306  
0,102    0,733  

-0,177    0,584  
0,135    0,676  

0,601  0,025  0,398   0,156  
-0,108   0,693  

0,629  0,024  
0,687  0,007  0,093   0,736  -0,011   0,969  
0,969   0,123  

-0,092   0,774  
0,999  0,005  0,999  0,005  0,986  

0,571  
0,021  
0,050  0,289   0,325  

0,301   0,345  
-0,009   0,979  

0,520  0,065  
-0,570  
-0,570  

0,064  0,999  0,001  0,989  0,009  
0,064  0,592  0,052  0,421   0,194  

Tetrachoric Correlation Coefficients and Probability > Chi Square under H0: Rho=0. Statistically significant 
correlations are highlighted for probabilities ≤ 0.01, ≤ 0.05 and ≤ 0.10 respectively.  

 

Stakeholder participation  
Schindler et al. (2015) emphasise the importance of stakeholder involvement in ISA 
development. They recommend participation throughout all phases, from planning to final 
evaluation (see Stakeholder involvement section above). For the ISAs in our analysis, the 
number of phases with stakeholder involvement shows a significant positive correlation with 
the numbers of applying users and end-users (Table 3). Stakeholder participation throughout 
the development process is thus linked with more types of users. The correlation evidently 
does not show the causality of this relation. Developing an ISA method that envisages 
multiple users, might require more stakeholder involvement or inversely, if stakeholders are 
involved in more phases, they might be more willing to implement the ISA, as suggested by 
Binder et al. (2010), Triste et al. (2014) and others.  

A negative correlation was found between the number of phases involving stakeholders and 
the number of environmental and social themes (- 0.573 and - 0.559 respectively). This could 
indicate that more frequent stakeholder involvement might help to restrain the number of 
themes being assessed or maybe just to cluster indicators in a smaller numbers of themes. 
The number of indicators was not significantly correlated.  

Moreover, one could imagine that stakeholders with different backgrounds involved in the 
early phases of ISA development, might result in more diverse purposes or themes taken 
into consideration. This assumption, however, is not confirmed: no significant correlations 
were found between the the numbers of stakeholder categories and either of the general 
ISA characteristics, nor with the numbers of themes/indicators. The only exception is a 0.60 
(very significant) correlation between the number of stakeholder categories in phase 5 and 
the number of applying users. Also, the number of end-users, the number of assessment 
levels and the number of background documents were all correlated with stakeholder 
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involvement in phase 5 (0.49, 0.35 and 0.43 respectively). This emphasises the importance 
of diverse stakeholder participation in getting the ISA ready-for-use in practice.  

The lack of association with stakeholder involvement was confirmed by the tetrachoric 
correlations with the individual ISA characteristic. This for instance showed that the intended 
end-users are not necessarily involved in the development. For ISA’s used by individual 
farmers, farmer participation is only significantly positive in phase 5 (applicability). In phase 
3 (indicator quantification) the association between the farmer as end-user and farmer 
participation is even more strongly and significantly negative. By contrast, extension workers 
and policy makers are involved in most development phases of ISAs for which they are the 
end-users.  

Finally, we checked whether stakeholder involvement improved transparency in the sense 
of the number of background documents available. No correlation was found with the 
number of phases involving stakeholders, but the number of stakeholder groups was 
correlated significantly (although not very strongly) with documentation (Table 3). The 
aspects content, purpose, methodology, indicator scoring, indicator aggregation and 
interpretation of the results for which we asked about background documents roughly 
correspond with the 6 phases in ISA development. The associations between the individual 
types of documentation and the stakeholder types involved in the corresponding phase were 
rather disappointing though. Particularly farmers’ participation and documentation 
availability show negative associations in all phases.   

Implementation  
ISAs seem to have a better chance of being implemented if they have multiple purposes and 
if more background documents are available: both show a rather weak, but significant 
correlation with implementation yes/no (Table 3). The total number of indicators and the time 
needed for data collection in contrast do not seem to influence implementation, as no 
correlation was found.  
Detailed association analysis shows:  

 Implementation on project basis is associated with “other” purposes than the ones 
listed in the survey (consultancy, teaching, impact assessment and policy support 
were mentioned); various applying users (extension worker, researcher, civil servant, 
others except auditors); researchers or policy makers as end-users; and a wide 
availability of background documents; 

 Commercial implementation is associated with the reporting purpose (+ 0.68), not 
with research (- 0.66); assessment at farm or industry-wide level, not landscape level 
(- 0,98);  
“other” end-users, such as “businesses, investors and banks” or “supply chain 
operators: food companies, retail, … up to consumers”;  

 Certification obviously is associated with the certification purpose, but not research 
(the opposite of implementation on project basis); the farm as assessment level; 
auditors and sometimes farmers as applying users; farmers as end-users, as well as 
others (buyers);  

 Use by farmers is associated with farm-level assessment; civil servants as applying 
users; “other” users, as for most of the commercial or certification ISAs also “used 
by farmers” was ticked as implementation type. Surprisingly, it is NOT associated 
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with farm development as a primary purpose; nor with the farmer as end-user of the 
ISA.  

Participation by few stakeholder groups showed significant association with implementation 
as such. However, farmer participation was rather positively associated with most types of 
implementation, particularly with certification and use by farmers.  
    
Preliminary conclusion  
The survey of integrated sustainability assessment methods reached a 75% response rate 
and resulted in an abundance of data on the ISA methods’ characteristics, revealing a large 
variation between the ISAs in the survey. Strictly reductionist representations were rare, but 
holistic ones ranged from less than ten to hundreds of indicators. Next to farm development, 
other (combinations of) purposes were found: a wide range of end-users; a spectrum of data 
collection, processing and scoring methods; and variate methods to combine indicators into 
an ISA. Stakeholder involvement in ISA development was found to be common practice, 
especially in the early phases, defining the sustainability framework and selecting the 
indicators.  

Correlation analysis revealed many associations between the ISA characteristics. However, 
the amount of detail explored by the tetrachoric correlations also resulted in an explosion of 
association measures, which hinders detection of the interesting ones. These associations 
cannot thus suffice to discern between the myriad of ISA methods. Further research is 
needed, starting with cluster analysis of ISA methods and their characteristics. It may also 
be interesting to expand the quantitative research with qualitative research, e.g. in-depth 
interviews with ISA developers, to grasp the full extent of reasoning behind ISA methods 
and the difficulties in their implementation. Thus decisive conclusions may be reached on 
how sustainability frameworks, metrics and tools and their implementation can be enhanced 
to futureproof agricultural decision making at multiple levels and multiple scales. For now, 
this first pilot activity managed to shed some light on the complexity of ISA methods and the 
variability in their characteristics.   
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Abstract: The purpose of this paper is to present an analysis of how ‘sustainable agriculture’ 
is defined and assessed by Swedish public agencies. Through a content analysis of key policy 
documents and web communications addressing farm sustainability in Sweden and interviews 
with agency officials, the use of the concept of sustainable agriculture is analysed. The 
analysis shows that Swedish public agencies deal with many aspects of what can be 
considered part of the concept of ‘sustainable agriculture’. However, the term is not explicitly 
defined by the agencies but rather filled with meaning according to relevance in different 
situations on an ad hoc basis. The economic pillar is often given priority by the agency with 
the main responsibility for agricultural sustainability, the Swedish Board of Agriculture. No 
integrated sustainability assessment frameworks (SAF) including all sustainability pillars are 
used by Swedish authorities. Environmental issues are structured into a cross-sector system 
of environmental quality objectives of which different agencies have responsibility. More ways 
to measure sustainability at the national level was not deemed necessary by agency officials. 
Potentially SAFs could be useful for more structured discussions on which sustainability 
themes to include in different situations and for assessing the sustainability of individual 
Swedish farms for marketing purposes. 

Keywords: Sustainability assessment, national agricultural policy, Sweden, public agencies  
 

Introduction  

Background  
The need to make agricultural production more sustainable has increased in importance in 
agricultural policy as well as in the public discourse in Europe during the past decades.  This 
can be seen in increasing consumer interest in organic and locally produced food, in the recent 
‘greening of the CAP’, and in the numerous tools that have been developed aiming to facilitate 
the assessment of farm-level sustainability with the ultimate goal of influencing farmers to 
more sustainable farming practices (Carof et al., 2013; Marchand et al., 2014; Schader et al., 
2014). In Sweden in particular, this interest has been manifested in many ways, including a 
boom in sales of organic foods and the initiation of the development of a national food strategy 
by the Minister of Rural Affairs which will to be presented during the spring of 2016. Sweden 
in general has high ambitions when it comes to environmental sustainability, for example it is 
one of few countries that has introduced a carbon tax on energy. This tax, together with other 
policies and access to both bioenergy from forests, nuclear and hydro power, has led to the 
decarbonisation of the energy system. Focus has then turned to food systems with a recent 
increased interest in more sustainable eating habits and farming practices. Some actors, 
including some farmers and farmers’ organisations, fear that this attention and the stronger 
environmental policy actions that it might lead to might negatively affect farmers’ profitability 
which is already under stress.    
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Despite this rising interest in farming and food systems at many levels and from many angles, 
there is clearly no consensus about what sustainable agriculture means or how it should be 
reached. However, as in the case of EU farming, farmers’ decisions and actions towards 
sustainability are to a large extent governed by regulations and subsidies emanating from the 
comprehensive Common Agricultural Policy (CAP) (Serra & Duncan, 2016). Such subsidy 
systems and regulations following from CAP are implemented by government agencies in 
each member state, in Sweden by the Swedish Board of Agriculture. Although Swedish 
agriculture is governed by CAP on an over-arching level, several national policies and 
regulations also influence the agricultural sector and food production in Sweden, including 
environmental policies.   

In the shifting emphasis of the CAP towards further ‘greening’ of agriculture, national 
government agencies such as the Swedish Board of Agriculture will have to take up the 
challenge to, in practice, steer farmers towards this increased greening while at the same time 
ensuring farm economic and social viability. We think that the sustainability assessments for 
agriculture that have emerged from the research community in recent years might be used for 
facilitating the work of agencies like the Swedish Board of Agriculture. The assessments could 
potentially be helpful in suggesting which themes should be enhanced for a more sustainable 
agricultural production, provide methods and tools facilitating the assessment of agricultural 
sustainability and provide support in handling goal conflicts between different sustainability 
impacts. To be able to take on this role, a framework developed without a specific national 
context in mind might however have to be developed, and to be able to do this better 
knowledge about how sustainability issues are currently framed and addressed by relevant 
national agencies is helpful. Thus as a first step towards facilitating  such a process we aim in 
this paper to provide a better understanding of how the Swedish agencies currently frame and 
work with sustainability.    

Aim  
The purpose of this paper is to present an analysis of how ‘sustainable agriculture’ is defined 
and assessed by Swedish public agencies. Through a content analysis of key policy 
documents and web communications addressing farm sustainability in Sweden and interviews 
with agency officials, the framing and use of the concept of sustainable agriculture is analysed.  

Swedish agriculture and its governance  

Swedish agriculture  
Arable land (2.7 million ha) occupies 6.5% of total land in Sweden, while the rest is dominated 
by forest (approximately 50%), marsh and moorland, mountains and lakes (approximately 
33%) (SBA, 2009). Semi-natural pastures and meadows occupy 1% of the land, but the area 
is steadily decreasing due to a decline in grazing animals and production intensification (SBA, 
2013a). Many of Sweden’s red-listed species can be found in its semi-natural pastures and 
therefore preserving these pastures is one of Sweden’s most important environmental goals 
(SEPA, 2015).   

The geographical location of Sweden makes agriculture challenging in the north of the country, 
where grass/clover leys and barley are the most common crops. Southern Sweden is 
characterised by plains and cereal production and is also where most pig and poultry 
production takes place, whereas most cattle farms are located in plains and forest districts in 
central and southern Sweden (SBA, 2015b). The number of farms has decreased rapidly 
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during the last 50 years and farms have become larger and more specialised in e.g. cereals, 
dairy or broiler production. This is due to increasing difficulties to ensure profit as a result of 
for instance increased competition with farmers in other EU-member states, a relatively short 
growing season and relatively strict regulations for environmental protection, animal welfare 
and labour costs, Out of total employment, approximately 1.5% of the Swedish labour force is 
employed in agriculture in Sweden (SBA, 2015b). Most farms are family businesses and one 
third of farms combine farming with other activities such as contracting, forestry or tourism.   

The reliance on domestic food supply in Sweden is approximately 50% for beef, 65% for pork 
and poultry, 90% for dairy, 100% for cereals and 20% for fruit and vegetables (NFA, 2011; 
SBA, 2013b, 2013c). Sweden’s main agricultural export products are cereals, beverages and 
processed foods; the export value is approximately half of the value of imported products. EU 
is the main market for both imports and exports (SBA, 2009).    
 
The value of production was 51 billion Swedish Crowns (5.7 billion Euros) in 2014 which 
corresponds to approximately 0.5% of Swedish GDP (SS, 2016). Approximately half came 
from crop production, most importantly cereals, and half from livestock production, of which 
approximately half was associated with dairy production (SS, 2016). Livestock production, in 
recent years most predominately dairy production, is struggling with profitability due to fierce 
competition on the European and global market, while cereal production on the plains has 
shown more stable economic results.    

Governance of Swedish agriculture  
Like many other countries in Western Europe, Sweden implemented price support and import 
taxes to protect domestic agriculture after the economic crises of the 1930s. In 1947 three 
overall targets were established by the Swedish parliament. The first, the production target, 
aimed at total self-sufficiency of food. The second goal, the efficiency target, aimed at 
increasing efficiency in agriculture in order to produce competitive food. The third target, the 
income objective, meant that farmers' incomes would be on a par with the wages of industry 
workers. These objectives were to be achieved through price controls and a state-led 
rationalisation of the agricultural sector i.e. merging of small farms into larger and more rational 
units (Slätmo, 2014).  

During the 1980s, however, concerns were raised as regards the support systems’ effect on 
the Swedish economy and in 1983 all subsidies for agricultural products except for milk were 
abandoned. In 1989 it was decided that the agricultural sector should be completely 
deregulated and prices of products should instead be governed by consumer demand. The 
new agricultural policy also drew attention to the environmental problems caused by intensive 
use of fertilisers and pesticides and monoculture farming. This was a reason why payments 
for more extensive production systems were introduced in 1986 and 1990 (Slätmo, 2014).   

However, Swedish agriculture experienced a very short period of deregulation and never had 
time to change as a consequence of this, as Sweden joined the EU in 1995 (Rabinowicz, 
2003). As a EU member Swedish agriculture is governed by the EU CAP mainly through the 
Single Farm Payment (support based on area cultivated and not considering what is produced) 
and Rural Development Policy (sustainable development in the countryside) (SBA, 2011).   

CAP, through its translation into various subsidy systems and regulations has the overall focus 
of balancing reasonable consumer prices of food with farmers working standard and 
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environmental sustainability, while at the same time avoiding having a distorting impact on 
trade with countries outside EU. Like the Swedish turn in the 1980s described above, since 
the 1980s CAP has also shifted towards more emphasis on supporting aspects of 
environmental sustainability. This has been re-emphasised with the recent 2015 CAP reform 
in which the emphasis on environmental sustainability of farming has increased further (EU, 
2016).  

In its application of the CAP, the Swedish Government further specifies that its goal within the 
area is to:  

“…promote sustainable fisheries, animal welfare, good animal health, a market-oriented, 
competitive agriculture as well as availability of safe and wholesome food.” (GOS, 2016b). 
Further, the Swedish Government has the following goal for the green sector: “the green 
industry to be viable, drive innovation and contribute to climate adaptation and that natural 
resources are used sustainably.” (GOS, 2016c).  

The Swedish Board of Agriculture (SBA) is the agency assigned to implement the CAP in 
Sweden and any additional policy that the government decides to introduce in agriculture. 
Instructions for this work are issued yearly in a directive from the government to the agency 
(ESV, 2016).  
  
Turning to environmental policy, Sweden has organised this into a set of environmental quality 
objectives (EQO) (SEPA, 2015). The overarching goal, the ‘generational goal’, is to hand over 
to the next generation a society in which the major environmental problems in Sweden have 
been solved, without increasing environmental and health problems outside Sweden’s 
borders. Sixteen EQOs (Table 1), which describe the desired state of the Swedish 
environment, have been adopted by the Swedish parliament. These objectives are to be met 
within one generation, i.e. by 2020 (2050 in the case of the climate objective). Different 
government agencies are responsible for following up and evaluating specific EQO and 
reporting on progress towards the objectives on an annual basis.  

Table 1. Swedish environmental quality objectives.   
 

Environmental 
quality objective  

Responsible agency   Covered in the report 
‘Sustainability in Swedish 
Agriculture 2012’ as:  

1. Reduced Climate 
Impact  

SEPA  Covered under the heading 
Greenhouse gases  

2. Clean Air  SEPA  Not covered  
3. Natural Acidification 
Only  

SEPA  Included under the heading 
Nutrients and eutrophication  

4. A Non-Toxic 
Environment  

Swedish Chemicals Agency  Covered under the heading 
Plant protection  

5. A Protective Ozone 
Layer   

SEPA  Not covered  

6. A Safe Radiation  
Environment   

Swedish Radiation Safety 
Authority  

Not covered  
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7. Zero Eutrophication   Swedish Agency for Marine and 
Water Management  

Included under the heading 
Nutrients and eutrophication  

8. Flourishing Lakes 
and Streams   

Swedish Agency for Marine and 
Water Management  

Included under the heading 
Nutrients and eutrophication  

9. Good-Quality 
Groundwater   

The Geological Survey of 
Sweden  

Included under the heading 
Nutrients and eutrophication  

10. A Balanced 
Marine  
Environment, 
Flourishing  
Coastal Areas and  
Archipelagos   

Swedish Agency for Marine and 
Water Management  

Not covered  

11. Thriving Wetlands   SEPA  Covered under the heading 
Cultural landscape and 
biodiversity  

12. Sustainable 
Forests   

Swedish Forest Agency  Not covered  

13. A Varied 
Agricultural  
Landscape   

SBA  Covered under the headings 
Soil fertility, Genetic 
engineering, Cultural 
landscape and biodiversity, 
Renewable energy, Organic 
production  

14. A Magnificent 
Mountain  
Landscape   

SEPA  Not covered  

15. A Good Built 
Environment  

National Board of Housing, 
Building and Planning   

Covered under the heading 
Waste and Organic waste 
from society  

16. A Rich Diversity of 
Plant and Animal Life   

SEPA  Covered under the headings 
Genetic engineering, Cultural 
landscape and biodiversity, 
Organic production  

 
The concept of ‘sustainability’ and sustainability assessments for agriculture  
There is a long tradition of research on the politics and implementation of sustainability. Much 
of this literature takes the Brundtland report from 1987 as its starting point. The report defines 
sustainable development as: “development that meets the needs of current generations 
without compromising the ability of future generations to meet their needs” (UNWCED, 1987: 
p. 9) and it highlights the equal importance of the three pillars of social, environmental and 
economic sustainability (UNWCED, 1987). One conclusion from this large body of work is that 
as sustainability is a contested and highly political concept, without a fixed meaning, its 
overarching and general definition enables many different interpretations which leads to power 
struggles over meaning and negotiations between interests (Binder et al., 2010; Kambites, 
2014). Since the mid1990s the academic and policy interest in sustainability assessments has 
risen exponentially (Bond et al., 2012). This includes sustainability assessments for agriculture 
(Schader et al., 2014). Indeed, a significant number of frameworks for assessing sustainability 
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in agriculture through indicators have emerged in academic publications in recent years (Carof 
et al., 2013; Marchand et al., 2014; Schader et al., 2014).   
 
Sustainability assessment frameworks (SAF) for agriculture are often indicator based 
assessment tools structured into three or four hierarchical levels (de Olde et al., 2016). The 
tools differ somewhat in structure and scope and have somewhat different purposes and 
objectives. Common for most tools is that a comprehensive set of indicators measuring 
detailed aspects (e.g. water use and water quality), are aggregated into different sub-
themes/themes/components (e.g. water) associated in turn with the different sustainability 
dimensions or pillars (environmental, economic or social). The indicators are measured 
through scientific literature, financial statistics, investigations at location and surveying 
farmers. Based on this empirical material ‘experts’ (e.g. researchers, advisors or a third party 
assessor) decide/measure the score for each indicator and aggregate the indicators to a 
‘sustainability score’. The results are aggregated into different themes/components and 
presented as spider diagrams. Through the chosen indicators and how they are measured, 
these frameworks ‘decide’ what it means ‘to improve the situation’ towards sustainability.  

So far the use of these tools in practice has been limited due to limitations in data availability 
and high time and budget requirements for performing the assessments, as well as a lack of 
perceived relevance of these assessments among farmers (de Olde et al., 2016).  

Method  
A content analysis (Krippendorff, 2004) was performed with the aim of surveying how the 
concept of ’sustainable agriculture’ is defined and used by Swedish public agencies dealing 
with agriculture and environment. The web pages of the following agencies were searched for 
the term ‘sustainable agriculture’ (‘hållbart jordbruk’ in Swedish) by using the search field of 
the web pages and by manually looking through the main menus: the Swedish Board of 
Agriculture (SBA); the Swedish Environmental Protection Agency (SEPA); the Swedish 
Chemicals Agency (SCA); and the Swedish Agency for Marine and Water Management 
(SAMW). These agencies were selected as they are responsible for EQO related to agriculture 
(Table 1).    

In all places in the text where the term ‘sustainable agriculture’  or related terms such as e.g. 
‘sustainable development of agriculture’ was found, the context in which the term was used 
was read with the purpose of understanding how the term was being defined. However, only 
SBA and SEPA web pages contained any hits for this search term. To enrich our 
understanding of how ‘sustainable agriculture’ was considered by these agencies, we 
therefore  complemented the initial search with reading a selected number of texts (listed 
below) in full, and through direct questions via email and telephone to selected key informants.  
The following texts were read in full:  

 The report Sustainability in Swedish Agriculture (SBA et al., 2012) issued jointly by the 
SBA, SEPA, Statistics Sweden and the Federation of Swedish Farmers (LRF).  

 The stated vision of the SBA and the associated roadmap were analysed in order to 
understand whether sustainable agriculture is included as an explicit goal in the 
strategic plan of the SBA (SBA, undated)  

 The directive  from the government to the SBA (ESV, 2016)  
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Emails were sent to the main official email address of the SBA and SEPA agencies to explicitly 
ask for their official view on ‘sustainable agriculture’.  

Telephone interviews were performed with two officials at the SBA to ask for further guidance 
on definitions of or tools to measure agricultural sustainability used by the agencies that were 
not searchable on the webpage.  

Results  

Definition of sustainable agriculture  
A clear reference to the concept of ‘sustainable agriculture’, including a definition, was not 
found in any of the documents from any of the agencies or the government. Neither was the 
concept of ‘sustainable agriculture’ explicitly or extensively used by Swedish authorities as a 
concept to integrate economic, environmental and social issues related to agriculture. Some 
reports use the term ‘sustainable’ but in very different ways and without providing further 
definition. For example, one report from SEPA mentions the term sustainability only in relation 
to ‘economic sustainability’ (SEPA, 2013), while the SBA roadmap states: “we now clarify the 
need for a holistic approach by emphasising competitiveness and sustainability.” (SBA, 
undated). 
       
Here, on the contrary, the issue of competitiveness (which might otherwise be seen as part of 
the economic pillar of sustainable development (c.f Brundtland, 1988)) is separated out from 
the concept of sustainability. This phrase is illustrative of many of the policy texts regarding 
agriculture and sustainability; competiveness is mentioned first and other sustainability issues 
(e.g. climate, environment in general and animal welfare issues), later as ‘add-ons’. Also, 
social impacts of agriculture are not mentioned at all, and are perhaps indirectly seen as only 
a part of the economic sustainability. Another example comes from the goal description of the 
Swedish Food Strategy that is under development where again environmental aspects come 
after economic aspects, and social aspects of farming remain unmentioned:  

“Objectives of the project are to increase employment, production, exports, innovation and 
profitability in the food chain, while relevant national environmental targets are met.” (GOS, 
2016a)  

The argumentation builds on the notion that ‘if companies are not competitive there will be no 
companies that can be sustainable’ which is also used in the EU CAP:  

“In short, EU agriculture needs to attain higher levels of production of safe and quality food, 
while preserving the natural resources that agricultural productivity depends upon. This can 
only be achieved by a competitive and viable agricultural sector operating within a properly 
functioning supply chain and which contributes to the maintenance of a thriving rural 
economy.” (EC, 2013)  

While it is difficult to argue against this line of reasoning, an alternative starting point could be 
that ‘without healthy eco-systems, agriculture is not possible’. A recurring theme is also that if 
Swedish agricultural activities are reduced, this will move impacts from food production to 
other countries hence exporting the environmental impact from Swedish food consumption 
abroad. It is also argued that this would increase the pressures of agricultural practices on the 
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environment globally as production abroad is often viewed in Sweden as more environmentally 
and socially damaging.    
 
Swedish policy communication takes this one step further as agriculture is often assumed to 
be a prerequisite for reaching environmental targets; an assumption found frequently in the 
texts analysed. One example is the SBA roadmap that states:  

“Without agriculture there is no one who can deliver environmental benefits.” (SBA, undated).  

What this refers to is probably the EQO of “A Varied Agricultural Landscape”  that the SBA 
has responsibility for monitoring. This EQO is about the preservation of the farmed landscape 
and of agricultural land for food production while biological diversity and cultural heritage 
assets are preserved and strengthened. This goal is monitored and evaluated based on 
indicators such as the amount of cropland cultivated and pastures grazed. Much emphasis 
again is placed on the preservation of semi-natural pastures, judged to be one of the most 
threatened ecosystems in Sweden (Eide, 2014). As these are slowly diminishing, meeting this 
target is seen as improbable, and much emphasis is put on preserving these systems.      

In addition, according to the Swedish Food Strategy, Swedish agriculture and Swedish food 
production contributes to sustainable development by the export of Swedish products which 
have been produced with low environmental impact and good animal welfare compared to 
other countries. This line of reasoning builds on the assumption that these products will 
replace other more impacting products on the market. It can however be questioned whether 
it is realistic to assume that Swedish agricultural products will be able to compete on a global 
market, even including potential added values.      

The only explicit reference to ‘sustainable agriculture’ that we could find was in the report 
Sustainability in Swedish Agriculture (SBA et al., 2012). This report, which was published 
jointly by the SBA, SEPA, Statistics Sweden and the Federation of Swedish Farmers, provides 
a brief discussion of the concept of ‘sustainable agriculture’ in the introduction. Here the 
starting point is environmental, stating that agriculture affects the environment both positively 
(by keeping the farm landscape open, grazing animals maintaining pasture land with high 
biodiversity and through the preservation of cultural heritage environments) and negatively (by 
emissions and resource use). Here environment is understood both as the physical 
landscapes in Sweden and the wider global eco-systems. The English summary defines 
‘sustainable agriculture’ as:  
 
“Sustainable agriculture integrates three different aspects; environmental health, economic 
profitability and social and economic equity. Sustainability rests on the principle that we must 
meet the needs of the present without compromising the ability of future generations to meet 
their own needs. A sustainable agriculture conserves our natural resources, is adapted to the 
environment and is environmentally ethical. An economically and socially sustainable 
development in the countryside requires for instance that agriculture produces high quality 
food at reasonable prices to the consumer and provides the producers a reasonable income.” 
(SBA et al., 2012)  

However, the text in Swedish does not provide a clear reference to the concept of ‘sustainable 
agriculture’, instead it concludes that in order for agriculture to be sustainable it must minimise 
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environmental impacts to an acceptable level while the economic return is satisfactory and the 
social terms acceptable.   

Finally, although it is stated in the vision and roadmap of the SBA (SBA, undated) that 
agriculture should contribute to a sustainable society, in these strategic documents the 
emphasis is on competitiveness and lessening the administrative burden on farmers i.e. 
contributing to economic sustainability of farmers above all.  

Assessment of sustainable agriculture  
Neither the SBA nor the SEPA use an integrated framework for assessing the sustainability of 
agriculture. For environmental sustainability much emphasis is placed on the national EQO. 
However, the EQOs measure impacts from all sectors, agriculture being one, so there are no 
explicit targets or benchmarks for agricultural impacts. For example, the climate target 
includes a reduction of total emission of greenhouse gases in Sweden by 40% from 1990 until 
2020. However, the sector wise responsibility to contribute to this reduction is unclear i.e. 
whether all sectors should reduce emissions by 40% or if this number should differ considering 
different factors such as technical feasibility and cost.    

The SBA explicitly states in mail conversations and interviews that they work with parts of the 
total sustainability in different projects and initiatives; addressing food waste, meat 
consumption, agricultural policy, organic production and ecosystem services etc., all aimed at 
reaching more sustainable food production. Different indicators and measurements of 
sustainability issues are used in different projects according to the relevance of the specific 
project. These indicators are not further harmonised. There are also established indicators 
used to follow up initiatives within the CAP Rural Development Policy, however, these are 
mostly focused on whether payments within the programme have been paid although they 
also measure some other issues more related to sustainability e.g. the number of farm workers 
that have had their working conditions improved (SBA, 2015a).    
 
The report Sustainability in Swedish Agriculture (SBA et al., 2012) presents a summary of how 
agriculture affects different sustainability themes and is the most comprehensive and 
integrated summary of the sustainability in Swedish agriculture issued from Swedish 
authorities. It is unclear how the included themes were selected but for the environmental 
themes several relate to the national EQO (Table 1). The report also includes a section on the 
social situation in agriculture which revolves around the social situation of the farmer. Social 
issues on a societal level i.e. agriculture’s contribution to society, is dealt with in several 
chapters including the preservation of agricultural landscapes and the species dependent on 
that, the potential of agriculture to deliver renewable energy to other sectors, to recycle organic 
waste, to contribute to rural development and to deliver safe foods.    

Discussion  
This analysis showed that although Swedish authorities deal with many aspects that might be 
framed as components of  ‘sustainable agriculture’ this is not done explicitly, and how different 
aspects of sustainability might relate to each other is seemingly not discussed, and not dealt 
with in an integrated approach.   

Our analysis indicates that the SBA sets economic profitability above other sustainability goals 
as a result of their explicit mission to support the agricultural sector (ESV, 2016). This line of 
reasoning is aligned with a view on sustainability that Hopwood et al. (2005) classified as the 
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‘Ecological Modernisers’. This view relies on the prevailing neoliberal growth paradigm and 
considers progress towards greater environmental sustainability only possible if businesses 
can profit from such initiatives (Mol & Sonnenfeld, 2000).  Nevertheless, the SBA spends and 
has spent considerable resources on different initiatives for increased environmental 
sustainability. This is in line with the ambition to market Swedish agriculture as environmentally 
and animal friendly. Sweden has a long tradition in this area, having been in the forefront of 
animal welfare regulations and environmental policy for many years.   

The analysis also shows how the social dimension of sustainability is given much less 
emphasis in the work by these Swedish agencies. This is usefully viewed in the light of 
research that shows how it will not be possible to steer towards more environmentally 
sustainable agricultural practices if proposed changes undermine the social dimensions of 
farming e.g. that farmers feel that they get appreciation for their work and that they have a 
decent quality of life (Burton & Paragahawewa, 2011; Burton & Schwarz, 2013; McGuire et 
al., 2013). It is only in recent years that agricultural sustainability  has been introduced at all 
as a concept, previously concepts such as environmentally-friendly agriculture was used more 
in isolation from economic aspects. Some authors argue that keeping environmental 
sustainability separate is advantageous as integrated approaches risk making the 
environmental aspects drown in the broad range of sustainability issues and that  “…integrated 
forms of impact assessment may simply serve to promote dominant economic perspectives 
over broader sustainability and environmental concerns” (Morrison-Saunders & Fischer, 
2006). It is too early to say whether a potential broadened and more integrated approach 
towards agricultural sustainability will face this challenge, but it is clearly one aspect to keep 
a watch on.   

As mentioned above, the Swedish EQO cover all sectors in society i.e. in Swedish 
environmental policy there are no specific targets for agriculture. However, the SBA is the 
agency with main responsibility for the EQO ”A Varied Agricultural Landscape” which is clearly 
linked to agriculture and affected only indirectly by other sectors. This responsibility is apparent 
in many texts that talk about agriculture as indispensable for this target. For other EQOs e.g. 
”Reduced climate impact” and ”Zero eutrophication” the SBA works in cooperation with the 
SEPA to reduce these impacts. However, the division of responsibilities is not clear, and as 
the SBA also has an explicit mission from the government to strengthen the agricultural sector, 
its role in this cooperation is also to make sure that policy suggestions in this e.g. the climate 
area are “realistic and not threatening for farm profitability” (quote). Hence, SBA has two, in 
some ways contradicting roles here: reducing greenhouse gases from agriculture; and making 
sure climate policy does not negatively affect farmers’ profitability. Our analysis indicates that 
currently the later seems to get the priority        

Another relevant on-going discussion regards the way policy in society is organised on a 
higher level. Some argue that to reach sustainable development it would be preferable to 
organise national and EU policy on a food system level e.g. jointly considering agricultural 
policy and health policy in order to reduce policy incoherence (Alarcon, 2015). For example, 
while agricultural policy supports the production of sugar and livestock production, health 
policy struggles to reduce the consumption of such products. For such an organisation, 
indicators on food system level rather than agricultural level would be needed.    

So, to return to our initial assumption: could integrated SAFs be useful for governmental 
agencies responsible for agricultural sustainability? Potentially they could be useful for 
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highlighting when and how it is possible to meet various goals jointly, when there are trade-
offs between different goals, and for opening up for discussion how to deal with such trade-
offs. One advantage of using integrated sustainability assessment tools or frameworks is that 
these (at least in theory) present different sustainability perspectives or themes on the same 
scale. Whether it would be an advantage to do so on a national scale is unclear. Using a 
sustainability assessment framework on the national level e.g. assessing the sustainability of 
Swedish agriculture as a whole, would require either grouping existing indicators e.g. the EQO, 
the economic and social indicators (and normalising them to a common scale), or introducing 
or developing new indicators that are not currently used in Sweden but maybe in another 
country. Both of these approaches are clearly a challenge. Officials interviewed in this study 
do not regard that as very meaningful or realistic as they will still have to report sustainability 
issues under the EQO umbrella as well as for the indicators demanded by EU. It also needs 
to be considered whether an assessment on different agricultural sectors e.g. cereal 
production, dairy, pig production etc. would be more useful than an assessment on the 
agricultural sector as a whole as this generalisation risks masking important factors.  In 
summary, additional indicators or tools at the national level would be redundant according to 
these officials and add little additional value to what is already assessed. As one of them 
expressed himself:  

“We do not need more ways to measure, we need more action.”  

Potentially, SAFs could lead to more action as they can be a way to facilitate structured 
discussions around which sustainability themes are in need of further actions including 
identifying who has the possibilities to act. In addition, both officials independently mentioned 
that a broad application of SAF at the farm level would be very valuable if results from these 
could be gathered at a national level. Results from such assessments could be used by 
authorities to: 1) help market Swedish agriculture by making the added value of Swedish 
agriculture (e.g. low use of antibiotics, good animal health) more explicit; and 2) to help the 
authority to prioritise between different sustainability areas to invest in.  

Conclusions  
Swedish public agencies deal with many aspects of what can be considered part of the 
concept of ‘sustainable agriculture’. However, the term is not further defined by the agencies 
but rather filled with meaning according to relevance in different situations on an, what seems 
to be, ad hoc basis. The economic pillar is often given priority by the agency with the main 
responsibility of agricultural sustainability. No integrated SAFs including all sustainability 
pillars are used by Swedish authorities, but environmental issues are structured into a cross-
sector system of environmental quality objectives of which different agencies have 
responsibility. More ways to measure at the national level were not deemed necessary, but 
potentially SAFs could be useful for more structured discussions on which sustainability 
themes to include in different situations and for assessing the sustainability of Swedish farms 
on a farm level for marketing purposes.    
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Abstract: While great progress has been made towards monitoring agricultural sustainability 
through the use of indicators, setting sustainability indicator targets that motivate the 
transformation of farming systems for sustainability and resilience is often overlooked. This 
paper examines the role of target setting and benchmarking comparisons in sustainability 
assessment.  A review of 186 indicator metrics and their targets from 12 sustainability 
assessment frameworks showed a preponderance of practice-based rather than performance-
based measures.  Many targets were implicit and embedded within the way ratings or 
standards were measured rather than explicitly derived from external information or 
processes. Ratio scales were rarely used for indicator measurement. Given these limitations, 
most assessment frameworks are weak tools for the comparison of agricultural sustainability 
between sectors, regions or nations. We then considered the equity implications of 
sustainability burden and benefit sharing and drew lessons from recent international climate 
change negotiations to recommend guidelines when erecting production level sustainability 
targets and benchmark comparisons between farms, regions, sectors and countries in the way 
being considered by the TempAg network.  Equitable participation by multiple stakeholders in 
the process of erecting targets is important to achieve fair outcomes that underpin lasting 
commitment to sustainability.  Scrupulous application of equity and fairness is more likely to 
change values of the farming families, food processors and distributors and consumers for 
collective action. Adjusting targets to match local social, economic and ecological constraints 
on farming performance may be fairer, but this local tuning also challenges the design of and 
use of targets and benchmarks that have been upscaled to regional and national levels for 
informing sustainability policies across temperate agriculture as a whole.  So will TempAg 
targets and benchmarking help or hinder transformation for sustainability and resilience? 

Keywords: Target setting and benchmarking, fairness, responsibility, TempAg 

Introduction 
Food production is required to grow substantially if it is to meet global demand of nine billion 
people by 2050 (OECD-FAO, 2010). Achieving this increase in food production to supply 
global markets, while meeting consumer and citizen expectations, and maintaining biodiversity 
and ecosystem services is an important challenge. Agricultural systems will need to improve 
in all parts of the world in order to ensure the long term sustainability of food, fibre and biofuel 
production (Pretty et al., 2008). The search for practical solutions to enhancing sustainability 
requires both a farm-level focus complemented with a view towards developing appropriate 
social and economic policies at regional, national and international levels. The ‘Collaborative 
Research Network on Sustainable Temperate Agriculture’ (TempAg), is one recent and 
potentially effective initiative to help co-ordinate sustainability interventions at multiple spatial 
and temporal scales (Gregory, 2016). It is a coalition of agricultural researchers and policy 
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makers from across temperate and high altitude production areas of the OECD that amongst 
much else, aims to identify and critically evaluate the available tools and guidelines to assess 
sustainability and transform agricultural production systems across multiple scales. The 
TempAg team therefore proposed elements of the workshops on “farm level” and “beyond-
farm level” sustainability assessment tools as a valuable part of the IFSA 2016 symposium. 

Agricultural performance improvements will be accelerated by erecting sustainability 
‘reference values’ such as performance targets, critical thresholds, minimum standards and 
benchmarks.  Without targets or benchmarks, measures of sustainability indicators provide 
little opportunity for risk management by decision makers like farmers, processors and 
distributors, marketers, policy analysts and government. Indeed, without reference values, 
sustainability assessment is in danger of being seen as measurement for measurement’s own 
sake, and farmers are less likely to see the exercise as relevant and an opportunity for 
themselves, rather than a cost and threat imposed by ‘outsiders’. This paper is the first of a 
series from the New Zealand Sustainability Dashboard project (Benge et al., 2016) to focus 
on how reference values are currently designed and used.  We first briefly present an overview 
of reference value definitions and structure as deployed across 12 sustainability frameworks 
that currently operate in very different contexts around the world.  We then go on to consider 
how reference values may actually be used for encouraging change and apportioning 
responsibilities at two levels: first we present a review of the international climate change 
mitigation agreements as a potential example of the way the tools being tested by TempAg 
might be used by an international organisation such as OECD or FAO to meet a collective 
target for agricultural sustainability; and second,  a hypothetical example of how those 
principles from climate change mitigation might be applied at a local collective industry  for 
both benchmarking and target setting for transforming production.  

Reference setting and benchmarking in sustainability assessment 
 
Types of reference values 
We reviewed the wider sustainability assessment literature and then selected a stratified 
random selection of up to 20 indicators across four pillars (economic, social, environment, 
governance) for each of 12 sustainability frameworks currently in operation around the world: 
Sustainability Assessment of Food and Agriculture systems (SAFA); The Sustainability 
Consortium (TSC); GLOBAL.G.A.P.; LEAF Marque Standard (Linking Environment and 
Farming); International Federation of Organic Agriculture Movements (IFOAM) Standard; 
BioGro Organic Standards; Response-Inducing Sustainability Evaluation (RISE) 3.0; BioBio 
(Farmland biodiversity indicators); OECD Agri-environmental indicators; Mauri Model; The 
Sustainable Agriculture Network - Sustainable Agriculture Standard (SAS); Sustainability 
Monitoring and Assessment RouTine (SMART).  Altogether we reviewed 186 indicators, 
scored them for the presence or absence of reference values, and devised a typology of how 
indicators and reference values were constructed.  

Our extensive literature search identified only a few papers that attempted a critical overview 
of agricultural sustainability reference setting structure ((van der Heide et al., 2007; Van 
Cauwenbergh et al., 2007; Bastian et al., 2007; Acosta-Alba & van der Werf, 2011). 
Considerable confusion arises from conflicting definitions of targets and benchmarking, so 
our first plea is for sustainability assessors to converge on a standardised set of definitions. 
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Out of the 186 indicators randomly selected from the 12 sustainability frameworks, the 
majority (96%) had a ‘target’, either in the form of a standard (a minimum standard required; 
47%), or rating (a measure or evaluation of performance; 49%). The proportion of indicators 
with targets (96%) was higher than previously anticipated because ‘embedded’ targets, or 
implicit expectations, were categorised as a ‘target’ rather than the absence of a reference 
value.  For example, a rating of farm management on a 5-point/category ordinal scale 
ranging from ‘poor to ‘excellent’ implicitly suggests that an ‘excellent’ rating could be 
achieved by all farmers. The ‘excellent’ rating is the implicit or embedded target. Most 
targets (93%) were implicit, while only 7% of targets were independent of the way the rating 
scale was measured and instead derived from external information on acceptable or optimal 
performance. Our second plea is for sustainability assessors to motivate improvement by 
making targets more explicit and direct. 

The majority (65%) of the targets were “practice-based” (assessing adherence to specific 
best farming practices), whereas 31% were “performance-based” (monitoring farming 
outputs). The remaining 4% of targets were a mixture of practice and performance-based. 
We found that most practice-based ratings were loosely defined and deployed statistically 
weak metrics for trend analysis. More fundamentally, they make an overarching assumption 
that improved sustainability (of some unstated amount) will emerge if a given practice is in 
place (e.g. soil health is monitored in some way).  Our third plea is that more performance-
based rating systems are deployed for improved assessment and learning. 

The majority (58%) of targets were simple binaries (usually the presence or absence of a 
desired practice).  Some (24%) used semi-quantitative ordinal scales, and only 18% 
deployed a measurable target using a ratio scale for measurement.  Many of the latter were 
“secondarily derived” i.e. aggregations at an industry or product level to calculate the 
percentage of producers or suppliers that achieved some binary performance or practice 
criterion at the individual farm level.  Binary and ordinal scales have several well-recognised 
limitations of scale depression; low sensitivity for measuring change and limitations of how 
they can be combined for upscaling and aggregation of indicators and targets. There were 
several examples where the subsequent manipulations and interpretations of binary and 
ordinal scales violated fundamental properties of measurement scales and statistics. Our 
fourth plea is that true ratio scales of measurement are used for indicators and targets at 
the farm level and not just in secondary aggregations of the data beyond the farm scale. 

Targets are not always needed: internal benchmarking for encouraging improvement 
Many of the applications of sustainability measures appear to be designed for internal 
comparison of relative performance between farms now (spatial comparison), or changes in 
their own performance with past years (temporal comparisons). Provided that the metric has 
been scored in a relatively consistent manner, continuous improvement can result by the 
comparison a farmer sees with their neighbours or at least other producers facing the same 
or similar constraints. In this way, those signalled to be in the bottom quartile of performers 
may be motivated to improve and climb past their colleagues next season or as they develop 
their systems.  This in turn will potentially trigger renewed efforts of the previous leaders.  The 
underlying model is one of an “improvement escalator” where the overall average performance 
will climb when farmers compete with each other and become aware that it is indeed possible 
to improve.  In this model, benchmarking is a type of passive incentivisation tool that requires 
no particular target or plan.  It has the advantage of local relevance and naturally fits with the 
way farmers often monitor their own performance by comparing with their neighbours.  
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Benchmarking oneself against earlier performance is a temporal version of the same internal 
benchmarking tool. It would be possible to set targets for rates of improvement, but we found 
these to be relatively rare. 

Equity when setting targets: lessons from climate change negotiations 
Specific, quantitative, time-bound targets can be linked to indicators so that performance can 
be interpreted clearly on a ‘distance-to-target’ basis (Moldan et al., 2012).  Target setting for 
sustainability assessment requires two distinct, yet closely interconnected steps. The first is 
to define the target either quantitatively or qualitatively, while the second is to assign 
responsibility for meeting the target.  Figge (2005) argues that society defines in political 
processes the ‘goalposts’ of sustainable development, and suggests that it is these targets 
that parties need to meet. Voluntary sustainability assessment initiatives are becoming an 
increasingly common way to address sustainability concerns. Regardless of what targets are 
set, participants to a voluntary sustainability initiative are unlikely to willingly adopt a 
sustainability performance target unless they perceive it to be fair. A balance is required 
between the overall target that is expected to be met, and the fairness of each party’s 
obligations for meeting the target. Equity concerns play an important role in the establishment 
of sustainability performance targets because acceptability of collective responsibility will be 
enhanced if the target is perceived as fair amongst those participants expected to enact it.  

International climate change negotiations and the associated literature have devoted 
significant attention to both the setting of a performance target, and the assigning of 
responsibilities for achieving that target amongst nations. A common determination that global 
warming should be limited to 2°C is a clear performance target that has been developed 
largely through scientific research. The division of obligations amongst multiple disparate 
nations for meeting this target however, involves ongoing ethical and political debates around 
equity and distributive justice ideals, as each nation expresses its own vision of fairness 
(Lange et al., 2010). The concepts of equity, justice, or fairness, here used interchangeably, 
have been central to discussions on sustainability since its inception (Pearce, 1987). The 
normative foundations for equity concerns are based on philosophical and moral theories of 
distributive justice (Pearce, 1987). Distributive justice is concerned with fairness in outcomes. 

Providing equal opportunities and need satisfaction for people is a central feature of the 
concept of sustainable development (Langhelle, 2000). Multiple international treaties and 
agreements intended to confront complex and interconnected issues, like those presented by 
sustainability, address equity through the concept of ‘Common but Differentiated 
Responsibility’ and ‘Respective Capabilities’ (CBDR & RC) (UN, 2015). 

The Rio Declaration provides one of the clearest enunciations of CBDR & RC in an 
international agreement: 

In view of the different contributions to global environmental degradation, States 
have common but differentiated responsibilities. The developed countries 
acknowledge the responsibility that they bear in the international pursuit of 
sustainable development in view of the pressures their societies place on the global 
environment and of the technologies and financial resources they command (UN, 
1992 Principle 7). 
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Interconnected ecological networks and economic interdependence between countries mean 
that each country can be subject to the environmental and consumption choices of others. 
Yet, each country alone does not have the capability to address these issues which require 
co-operation, thereby promoting the idea of ‘common’ responsibility (Rajamani, 2000). At the 
same time as global issues require global co-operation, it has been recognised that the 
differences in country’s capabilities, technology, historic responsibility and needs (amongst 
other factors) mean that all countries do not have an equal opportunity to address global 
issues, and therefore their responsibilities to act should be ‘differentiated’.  Both the United 
Nations Framework Convention on Climate Change, and the Kyoto Protocol were explicitly 
based on the concept of CBDR, which continues to play a key role in the post-2012 climate 
change negotiations. 

Perceptions of fairness in the allocation of the burdens associated with sustainable 
development can influence the viability of a sustainability proposal both at an international 
level, and at an individual level (Carlsson et al., 2011). At the centre of climate change 
negotiations is a debate on the equity and fairness implications of the burdens imposed by 
emissions mitigation (Dannenberg et al., 2010). While climate change mitigation is a direct 
concern of agricultural sustainability, the broader framework of international climate change 
negotiations can also provide guidance on the likely challenges that could occur in setting 
agricultural sustainability performance targets for a wide and diverse group of participants.  

Lange (2010) demonstrates that equity considerations underpin many of the differences 
between country’s interpretations of which path to climate change mitigation is optimal. 
Countries are likely to only accept treaties with international obligations if they are perceived 
as fair (Stalley, 2013). This same fairness requirement underlies the acceptance of other, 
lower level, sustainability initiatives. What is deemed to be fair rests upon the weight each 
entity puts on different distributive justice principles.  

Constructing burden sharing criteria 
Distributive justice principles that provide grounds for a departure from absolute equality have 
been discussed extensively in both philosophy and welfare economics (Yaari & Bar-Hillel, 
1984). The search for appropriate equity principles on which departures from equality can be 
justified has experienced a resurgence of interest in recent years due to the global challenge 
of climate change, and the associated international negotiations (Carlsson et al., 2011; Lange 
et al., 2010). Despite a vast array of fairness principles being described by the literature, there 
is a considerable convergence on three basic principles of distributive justice (Underdal & Wei, 
2015). They are: need, which refers to a minimum required threshold for goods or benefits; 
capacity, which refers to the ability to contribute to problem solving; and responsibility, which 
refers to culpability for contributing to an issue.  

Need principle 
The principle of need provides an absolute standard that must be achieved through any 
distribution. Multiple studies have found evidence of support for meeting basic needs as a 
central requirement of distributive fairness (Carlsson et al., 2011). The principle of need 
implies a threshold below which an entity would not be obliged to accept any burden for 
addressing an issue. This is clearly evident in the Kyoto Protocol, where Non-Annex 1 
countries were excluded from emission mitigation targets (UN, 1998). The selection of a need 
threshold should be undertaken within the context of the issue being addressed. In the 
research literature, one of the most common approaches has been to create a threshold, and 
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grant exemptions, at the point where average income falls below an official poverty line (Baer, 
2013; Underdal & Wei, 2015). For example, the United Nations classifies countries into three 
broad categories, based primarily on their Gross National Income (GNI). In 2013, countries 
with less than $1,035 GNI were classified as low income countries (UN, 2014), under the Kyoto 
Protocol these countries generally fell into the Non-Annex 1 category and were excluded from 
any requirements to reduce GHG emissions due to their more urgent development needs (UN, 
1998).  

 

 
 
 

 
      Box 1. Responsibility assignment mechanism for CO2 emissions  

 
Responsibility 
Distributive justice theory distinguishes between an agent’s role in causing damage and that 
agent’s moral responsibility for the damage it has caused  (Underdal & Wei, 2015). Konow 
(2001) emphasises that responsibility should only be considered in respect to variables which 
can be influenced by an agent. However the ‘Brazilian Proposal’ in climate negotiations argues 
that countries should be considered culpable for historic emissions, despite present day 
governments having no control over the actions of past governments, and past governments 
having had no understanding of the adverse effects of GHG emissions (Klinsky & Dowlatabadi, 
2009). Climate change negotiations coalesced around the year 1990, in which the first IPCC 
report was published to develop a mechanism to assign responsibility for historical damage to 
the world’s atmosphere.  It has been argued in climate change research that, as the 
responsibilities of individuals within a country vary widely due to power and income 
inequalities, the best level of analysis for determining responsibility should be individuals, or 
small entities rather than countries (Newell et al., 2015). However, Underdal & Wei (2015, p. 
38) developed a responsibility assignment mechanism that assigns proportional responsibility 
for CO2 emissions amongst whole countries as shown in Box 1. 

This approach eliminates responsibility for those who have contributed little to the issue, it 
gives partial responsibility to those who have contributed at a level below average, and full 
responsibility to those above average. In doing so, it protects the development of low emitters 
and assigns them no moral responsibility for the issue. The latest round of climate 
negotiations, COP 21 in Paris however, moved away from the Kyoto Protocol approach of 
completely exempting developing countries from responsibility, towards a more bottom-up 
approach, whereby countries now determine their own emission targets (UN, 2015). Under 
the new ‘Paris agreement’, while developing countries are still expected to make smaller 
mitigation commitments than developed countries, they can no longer be said to be ‘exempt’. 
Assigning these countries a ‘low responsibility’ for their emissions is a more accurate 
interpretation of the latest climate change agreement. 

Countries with per capita CO2 emissions above the world average … have 
proportional responsibility for all their own emissions. Countries emitting 
between 50% and 100% of the world average … are proportionally 
responsible for emissions within that interval only. Countries emitting <50% 
of the world average … are granted full exemption. 
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Capability principle  
Capability refers to an entities capacity to contribute, and can only be properly assessed with 
reference to a specific task or function. Capability in climate change negotiations, has related 
largely to a country’s material wealth often measured by GDP (Füssel, 2010) which is seen to 
be a determinant of its ability to contribute to climate change mitigation and adaption. A wide 
range of interpretations of capability have been put forward by researchers and policymakers. 
At one end of the spectrum is the capability approach, which focuses upon people’s capability 
to achieve outcomes that they “value and have reason to value” (Sen, 1999, p.18). Due to the 
substantial cultural and socio-economic variation at all levels of societies on what ‘a life that 
people value and have reason to value’ means, the capabilities approach presents a 
significant challenge to apply in an international, or even a nationwide context. The Human 
Development Index (HDI), which is based on some of the key concepts of the capabilities 
approach, and developed in part by Sen himself, does however provide a measure of 
capability (Winkler et al., 2013) which has been applied to multiple countries. The HDI 
comprises a composite measure of health, education and standard of living (gross national 
income per capita), which combined are considered to measure human development, but can 
be reframed as a measure of capability (Winkler et al., 2013). 

Confronted with complexity and data limitations however, capability in international climate 
change has largely been limited to simply ‘capacity to pay’ for mitigation, measured by GDP 
per capita (Underdal & Wei, 2015). In a similar vein, a relatively prominent approach to 
equitable burden sharing in climate change negotiations known as the Greenhouse 
Development Rights (GDR) framework, defines capability as “income above a threshold, 
below which individuals are presumed to have ‘development’ as their appropriate priority and 
thus be exempted from climate-policy burdens” (Baer et al., 2009, p. 270). What makes the 
GDH framework unique amongst other methods for determining capability in climate change 
negotiations is that its site of focus is at the individual household level, rather than a national 
level, making it particularly relevant for agricultural sustainability assessment.  

Burden sharing of targets and equitable benchmarking: a hypothetical example for New 
Zealand agriculture  
The three principles of CBDR & RC and criteria for measuring and categorising entities against 
them might be used at a much more local scale to erect fair targets and to determine which 
other entities to benchmark their performance against. In order to identify potential problems 
and opportunities, we have conducted a thought experiment in which we apply them to three 
measures of environmental sustainability measured on New Zealand orchards, vineyards and 
farms by the ARGOS and NZ Sustainability Dashboard project (Merfield et al. 2015): efficient 
use of energy; appropriate application of artificial fertilisers; and minimal yet sufficient 
application of chemical sprays to achieve Integrated Production goals.  

Following the United Nations approach to basing a needs threshold on a monetary criterion 
(UN, 2014), a need threshold within an agricultural sustainability assessment context could 
also be set based on a financial measure. In accordance with the long-term requirements of 
sustainability, solvency (understood as a ratio between liabilities and equity) can provide an 
indicator of a farms ability to meet its basic needs and continue operations (see Table 1).  
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Table 1. A hypothetical application of three primary principles of distributive justice 
applied to target setting and benchmarking for individual orchards, vineyards and 
farms  

Equity 
Principle 

Example Criteria Categorisation 

Need Solvency e.g. 
 Solvency Ratio = $$ 
potentially earned - $$ 
owed for production and 
land 

 Low Need – Solvency ratio 
greater than zero 
 High Need – Solvency ratio less 
than zero 

Responsibility Historic performance 
against a sustainability 
issue relative to the group 
average, measured as 
distance below or above 
some optimum level (or 
band of levels) e.g. 
 Difference in 
fruit/spray/ha from IPM 
target. 
 Decreased fruit/J 
energy invested/ha from 
the maximum predicted 
from yield curve. 

 Low Responsibility – 
Performance above the group average 
 Medium Responsibility – 
Performance between 50 percent and 
100 percent of the group average 
 High Responsibility – 
Performance below 50 percent of the 
group average 

Capability Solvency beyond the need 
threshold e.g. 
 Solvency Ratio = $$ 
potentially earned - $$ 
owed for production and 
land (only applicable 
where solvency>0) 

 Low Capability – Solvency ratio 
below 50 percent of the group average 
 Medium Capability – Solvency 
ratio between 50 percent and 100 
percent of the group average 
 High Capability – Solvency ratio 
above the group average 

 

While there is no formal ranking of the importance of the three primary distributive justice 
principles by the UNFCCC, it appears to be widely accepted that insofar as needs refer to 
basic goods or fundamental human rights, the needs principle is the most important, and 
provides a gateway test for entry into assessment against the other principles (Underdal & 
Wei, 2015). We therefore suggest a need threshold could be set at a solvency ratio of zero, 
under which entities are no longer able to meet their debt obligations (Figure 1).  Any farm that 
is insolvent is unlikely to be in a position to take on significant additional sustainability burdens 
in a voluntary sustainability initiative and therefore be exempt from additional sustainability 
burdens.  

The approach to categorising responsibility provided by Underdal & Wei (2015) shown in Box 
1 can also be adapted to apply in an agricultural sustainability assessment scenario. For the 
purpose of this paper, the point is not to quantify a required standard of performance 
improvement, such as a certain percent reduction in emissions, but rather to categorise farms 
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based on their level of responsibility into groups of high, medium, or low for issues like 
application of fertiliser, chemical sprays or energy consumption (see Table 1 and Figure 1). 
However several complications must be considered, rather than simply assuming risk from 
sprays or fertiliser is linearly related to application rates. Sprays are applied to New Zealand 
kiwifruit and vineyards within strict Integrated Pest Management guidelines based on pest 
insect counts and trigger thresholds to protect market access requirements – applying too few 
sprays can build resistance amongst the pests, and would fail to protect the crop and exports; 
applying too many sprays creates unnecessary toxic risks for the wider environment and 
human health risks amongst consumers. If we assumed the consequences of over-spraying 
were the same as those from under-spraying, the absolute (+ or -) deviation from optimum 
could measure responsibility for change as well as ‘distance to target’.  Similar approaches 
could apply to fertiliser use where the optimum application is set at sufficient inputs to maintain 
soil health and production. On the other hand, responsibility measured by energy use is more 
likely to be linearly and directly related to environmental harm, especially where the energy 
subsidies for food production are based on fossil fuel inputs.  However, even in the energy 
case, ethical consideration of providing food security could be included by scaling all energy 
inputs against the amount and quality of food produced per hectare: adding successively more 
energy subsidies into production eventually will produce little extra fruit, so we expect 
(fruit/J/ha; Table 1) to level and then inflect downward when too much energy is used. 
Responsibility for adjusting energy inputs might therefore be best measured as the relative 
inputs above the point on a yield curve where fruit/J/ha first begins to flatten as energy inputs 
climb.  

There are many objections that can be raised to adopting a simple GDP per capita, or other 
monetary approach to defining capability alone, particularly from the more rigorous 
perspective provided by the capabilities approach (Sen, 1999). Levels of development or 
capability cannot be entirely understood by an increase in individual consumption or GDP. 
However, like the GDH framework (Baer, 2013) and other approaches (see Winkler et al., 
2013), a first approximation might be to adopt a simple monetary measure of capability based 
on the previous definition of need to assign high, medium, or low capability for in the same 
manner as proposed for the responsibility categorisation (Box 1,Table 1, Figure 1).  
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Figure 1.  A potential burden sharing framework for sustainability targets for individual 
farms, orchards, vineyards or forests within an industry-wide sustainability 
programme.  The underlying principles are based on the climate change mitigation 
negotiations between nations. Although applied to burden sharing, the same principles 
can be applied to fair benchmarking, in which the farm’s current performance is only 
scaled against other farms that face the same (low, medium, high) levels of capability. 
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Elements of this same approach might also form the basis of equitable benchmarking when 
comparing performance against other farms i.e. once the need threshold has been met, is it 
more fair and acceptable to compare current performance of only those farms that share the 
same capability to do something about the problem?. If a proxy measure was available for 
responsibility (such as historical discharge of an accumulating pollutant), then it might be 
feasible to define benchmark panels based on some combination of both responsibility and 
capability. 

General Discussion and Conclusions 
The framework presented by this paper is intended to provide a starting point for discussions 
around burden-sharing when setting targets for agricultural sustainability assessments.  Our 
review of 12 sustainability frameworks showed that most included targets, but in general they 
lacked an explicit rationale for how they are derived. This lack of transparency is likely to 
undermine their usefulness for encouraging collective action amongst all the participants in 
food and fibre production, distribution, marketing and consumption.  Most of the indicators 
were practice-based i.e. a measure of the presence or absence of a best practice (farming 
input) and simply assume that they will lead to sustainability (a farm output).  Performance-
based indicators could test this fundamental and widespread assumption that we can 
adequately steer sustainability by monitoring farm inputs, but the necessary performance-
based scoring systems were relatively uncommon. Frequently, the quantitative measures 
presented are secondary calculations on aggregated scores above the farm level (e.g. what 
proportion of farms in a given agricultural sector or product line followed best practice).  We 
expect such general primary scores of inputs at the farm level to be relatively crude tools for 
learning and incentivising change, because the scale of measurement is binary or ordinal, and 
the definitions are necessarily generalised, making them hard to evaluate and potentially not 
trusted by decision makers working further along the food supply chain.  

Outsiders beyond the farm will potentially be interested in a much “bigger picture” formed by 
large-grained and aggregated metrics, whereas producers must make decisions on fine-
grained and locally tuned information to guide their own investments and land care.  “No one 
size fits all” when designing sustainability metrics or indicator sets (de Olde et al. 2016) and 
the TempAg research team has rightly identified that the scale at which comparisons are to 
be attempted has a crucial influence on what is measured, how, by whom and for what 
purpose. We found it difficult to propose limits for how sustainability performance could be 
compared by TempAg or OECD between nations which farm temperate agroecosystems, 
because it is not yet clear how such comparisons would ever be used in a policy context.  Is 
the intent to create league tables like those commonly used by OECD to compare social and 
economic wellbeing across its member states?  We presumed yes, or at least that such broad 
scale comparisons would be wanted if they could be robust enough.  Our review of existing 
sustainability frameworks suggested that the measures at farm scales are far too crude to yet 
allow this aggregated comparison of absolute measures. We conclude that individual farms, 
local communities or industries, and even national agricultural sectors, should instead best 
use the existing sustainability assessments for learning and improvement by ‘internal 
benchmarking’. In this use, sustainability metrics are only used as relative and proxy measures 
of change and improvement in their own local contexts rather than looking across to compare 
performance in very different ecologies and socio-economic constraints and opportunities. 
This may be a slower way of incentivising change, but it is practical and the local comparison 
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ensures equity and local relevance in ways that farmers looking over at their immediate 
neighbours can quickly accept as valid and fairer. 

When setting out to review the design criteria for setting targets and making benchmark 
comparisons, we quickly encountered the more general question of how targets and 
benchmarking comparisons can be made fair and thereby enduring and collaborative in effect. 
Although our hypothetical application of CBDR & RC proxy measures suggests that some 
proxy measures can conceivably measure responsibility and capability to shift local farm 
inputs and management, two further overarching complications are likely to arise when 
applying the CBDR & RC framework to target setting and equitable benchmarking: (a) are all 
dimensions of sustainability performance to be considered equally important; and (b) are 
responsibility and capability to be treated as equally important after first meeting need 
thresholds? It seems inevitable that a farm may fall into the low performance bracket for say 
energy, yet medium for fertiliser, and also fertiliser is a very important component of energy 
use on the farm. So overall targets for whole farming systems adjustment must weight these 
different components in some agreed way. Similarly, a solvent farm may score low on 
responsibility yet high on capability for the same environmental input issue. Figure 1 has an 
embedded assumption that CBDR has the same driving importance as RC, in which case a 
target response or benchmark comparison would be scaled as the average of the two fairness 
criteria.  A valid moral argument can be made that entities with a low responsibility should 
have low obligations (Konow, 2001).  However, collective challenges like sustainability rely 
heavily of group participation in a social contract (Rawls, 1971). So some will argue that all 
those with the capability to act have a moral obligation to do so, even if they played a relatively 
little role in creating the problem, or are currently performing better than many of their 
counterparts to minimise future impacts. 

Clearly our thought experiment and Table 1 & Figure 1 work best as heuristic devices to 
illustrate several potential complications in applying the CBDR & RC approach at farm, 
national or international levels. Much work is left to be done in devising fair bases for 
comparisons of agricultural sustainability performance by TempAg.  Nevertheless, the 
international experience in dealing with a shared common problem like climate change 
mitigation illustrates that failure to take proper account of need, responsibility and capability 
when setting targets or making benchmark comparisons would undermine collective action 
across temperate agriculture systems. Feeding a growing human population using global 
markets and distribution systems, avoiding land degradation and loss of biodiversity, and 
global biosecurity are just some of the ways that show finding shared solutions to agricultural 
sustainability is no less complicated or urgent than combatting climate change. Extreme care 
is needed in ensuring and negotiating fairness and ethical concerns when erecting targets and 
comparing farming performance across multiple scales and jurisdictions within temperate 
agricultural systems. 
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Workshop 2.5: Beyond participatory methods-approaches for facilitating 
transformation of agriculture and agri-food systems 
Convenors: Michael Hauser, Lorenz Probst, Birgit Habermann, Maria Wurzinger and Florian 
Peloschek 
 

Rarely in the history of agricultural research and practice has a concept spread as quickly as 
participatory methods. In less than 30 years, they have changed the rhetoric of research 
organisations, extension service providers and aid agencies. They have aided research in 
communicating more effectively with farmers, agricultural input suppliers, traders, consumer 
groups and policymakers. They have made research more democratic, responsive and 
effective. Today most actors underline the utility of participatory methods in their daily work. 
Participatory methods have transformed our understanding of agricultural research and 
development – eventually, they have transformed farming systems. In the course of their 
application, however, participatory methods have been transformed too. Few researchers pay 
attention to the silent erosion of values and quality standards participatory methods once 
implied. They rarely realise or articulate that participatory methods meant more than active 
involvement of people in agricultural projects and programmes that affect them. Few 
remember that participatory methods initially aimed at reallocating power to marginalised 
members of society. Today, we often ignore that standard use (or misuse) of participatory 
methods in research and development programmes has silenced poor people, leaving social 
relations and political exclusion unaddressed. The starting point for this workshop was the 
disparity between the original ideas that drove participatory methods and the practices of 
today. Much of this disparity does not originate from stakeholders, such as farmers, or the 
participatory methods themselves. The problems are caused by the way researchers and 
agricultural development experts apply the methods. Therefore, this workshop addressed the 
patterns driving what we call ‘conventionalisation’ of participatory methods. If we understand 
how and why this conventionalisation occurs, we will be in a better position to steer the re-
transformation of participatory methods, and eventually regain some of their original strengths. 
Any research or organisation engaging in transformative action, remains ineffective if it does 
not address application challenges of participatory methods.  

As convenors of this workshop, we believed that regaining what has been lost is a valid 
justification for discussing conceptual, empirical and experiential ideas around the topic. We 
also proposed that existing participatory methods will not be sufficient for solving current 
sustainability challenges and wicked problems. We feel that to promote change, facilitation 
methods have to enable deep, radical transformations of agri-food systems. We see a need 
for fresh ideas on how to facilitate the transformation of values, beliefs and self-perceptions of 
people engaging in multi-actor processes, as well as structures and operational procedures 
without prescribing outcomes. This workshop, therefore, explored methods in support of 
individuals and groups who pursue such transformation. From participants, we sought 
methodological propositions for what IFSA 2016 called enabling ‘purposeful social and 
technological transformation of farming systems in different parts of the world’. The possible 
entry points for the discussion included theories and concepts around resilience, adaptive 
governance, and translational leadership. Propositions needed to be applicable to action 
research, work for change agents and coaches, as well as community leaders. Although they 
are relevant all around the world, we focused on societies experiencing precarious livelihoods, 
socio-ecological fragility, and power asymmetries.  
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Experiences for advancing participatory methods exist in established fields outside agriculture, 
including management studies, organisational development, group dynamics and counselling. 
At the same time, we wanted to learn from emerging civic movements that confront 
unsustainable production, trading, consumption and disposing patterns. Therefore, 
contributions were invited from various backgrounds, with special emphasis on game-
changing transitions towards sustainable agriculture. We were particularly interested in 
contributions establishing links to socio-technological transitions, transition management, 
strategic niche management, radical innovation, multi-level perspectives and other aspects of 
emerging middle-range theories. 
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Participatory design of agroecological farming systems’ needs to match the 
collective goal of transformation with farmers' professional projects  
 
Lacombe, C., Couix, N. and Hazard, L. 
 

AGIR,  Université de Toulouse, INRA, INPT, INP- EI PURPAN 
 
 
Abstract: Transforming agricultural systems toward more sustainable production pathways is 
a current societal demand. Researchers are invited to take part in and to account for this 
transformation. Consequently, some of them use participatory approaches to re-design 
farming systems, embedding farmers in the process in order to increase the success of 
effective transformations. However, the inclusion of the farmers does not always ensure that 
real transformations will occur. This uncertainty stems from the possible gap between the 
individual projects of farmers and the collective project that set the transformation goals. We 
believe that filling this gap requires taking account of and understanding the farmer’s situation: 
the one on which he can actually act. To explore these tensions between the individual and 
the collective sides, we analysed a participatory project led by five farmers among a group of 
100 dairy sheep farmers located in the south of France. The objective of these five leading 
farmers was to design a method to trigger the agroecological transformation of farming 
systems by showing the other farmers that it is possible to improve at the same time their 
income, their autonomy and to protect the environment. Our analysis of the first steps of this 
project suggests that taking farmers' professional projects into account when willing to 
facilitate the transformation of farming systems allows them to effectively consider possible 
changes in their system. As such, transforming agricultural systems calls for participatory 
approaches that take farmers’ individual projects into account and help them to define their 
specific situation, identifying the levers that they can actually activate to change it. 
 
Keywords: Agroecology, action research, co-design, professional project, dairy sheep 
farmers, Roquefort AOC region. 
 
Introduction 
Transformation of agricultural systems towards more sustainable ones is a current issue that 
has to be considered at different levels. From an individual perspective, it calls for a 
transformation of farming activities (Béguin & Pueyo, 2011; Coquil et al., 2012) so that farmers 
and agronomists learn to work more with nature instead of against it (Mayen, 2014). At the 
same time, the design of sustainable food systems requires the integration of farmers' 
knowledge and their participation in the design process, which calls for more participative, 
local and collective innovation processes (Altieri & Nicholls, 2008; Guzmán et al., 2013; 
Warner, 2008).    
 
To deal with this issue, agronomists involve themselves in participatory approaches in order 
to design more sustainable agricultural systems (Bos et al., 2009; Meynard et al., 2012; 
Lefèvre et al., 2014; Moraine, 2015). One of the current problems is that implicating agricultural 
stakeholders in the design process does not guarantee that transformation will actually occur 
in the real world (Sanders et al., 2007).  
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Other researchers study the ongoing transformation process on farms and territories where 
stakeholders are involved in sustainable transformation pathways (Chantre, 2013; Coquil et 
al., 2012; Gowing & Palmer, 2008; Lamine et al., 2009). At the farm level, the transformations 
that will take place are far more complicated than simple changes in techniques and practices. 
For farmers, it calls for a redesign of their activity more than of their technical systems (Coquil, 
2014). This process takes time and must be achieved “step by step” (Coquil et al., 2011). It 
corresponds to an evolution of practices, norms and values (Coquil, 2014), and is linked to the 
evolution of the internal situation on the farm, as well as to the way that the farmer’s 
environment and networks develop (Magne & Cerf, 2008). 
 
We think that there is a gap between objectives that are collectively designed in a participatory 
project that aims at promoting the agroecological transformation of farming systems, and what 
farmers are willing and able to do on their farms, linked with the evolution of their individual 
situation and project. 
 
To address that gap, we propose to analyse a participatory project led by five farmers among 
a group of 100 dairy sheep farmers located in the south of France. The aim of this project is 
to trigger the agroecological transformation of farming systems by showing the other farmers 
that it is possible to improve at the same time their income, their autonomy and to protect the 
environment. We were involved with the leading group in that project within a participatory 
action-research perspective. During a co-design process, we built two agroecological 
diagnostic tools for the local dairy sheep farming systems and defined the desirable state to 
be achieved in order to improve them. We analysed what happened when the five leading 
farmers presented the project and the first results to the other farmers in the association. We 
discovered that it is necessary to take account of and to understand farmers’ individual 
projects when willing to co-design the transformation of their farming systems. 
 
 
Materials and methods 
Case study: the SALSA project 
The SALSA project is a project established and led by the AVEM Association (Millavois 
Association of Veterinarians and Farmers). AVEM is an association where veterinarians are 
employed by members to provide classical veterinary services as well as to visit the farm two 
or three times per year at critical moments of herd management. The association has 
developed a health methodology based on ecopathology using a preventive approach, 
working with farmers on herd management. The association is also a training and learning 
group that organises training workshops, promotes the exchange of knowledge between 
veterinarians and farmers, and carries out development projects. The association includes 
160 farms today, mostly dairy sheep farms, three veterinarians and one agronomist who is in 
charge of coordinating different development projects. The SALSA project is one of them and 
has been set up by a group of five leading farmers.  
 
The aim of the SALSA project is to trigger the agroecological transformation of farming 
systems by showing the other farmers in the association that it is possible to improve at the 
same time their income, their autonomy and to protect the environment. The first task of the 
project was to build agroecological diagnostic tools for dairy sheep farms and to implement 
them on all the farms to highlight good practices and levers to be used to develop a sound 
agroecology. In the second part of the project, they asked INRA to propose a methodology to 
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accompany the system redesign. The working committee of the project includes the five 
leading farmers, one of the veterinarians and the association's agronomist (who is in charge 
of running the project), a local farmers’ organisation that provides technical and economic 
advice for farms (the CETA organisation, “de l’herbe au lait”), the Grandes Causses Regional 
Park (south of France, Roquefort AOC area), INRA of Toulouse (the three authors) and a local 
agricultural high school. 
 
During the first year, the working committee met together seven times to build the diagnostic 
tools. Farmers chose to adapt two existing tools that they had already used in the past for 
other projects. The working committee designed two different tools: a multi-criteria 
assessment tool of the impact of the farm on the environment and natural resources, and a 
technical-economic calculation tool to evaluate the milk produced autonomously on the farms 
(without feed or chemical inputs). During the first phase of the work, the leading farmers were 
very involved in the tool design. The choice of indicators to be included in the environmental 
assessment of farms and how to weight them for aggregation were subject to strong debates. 
But more than that, they were an illustration of different visions of the desired agricultural 
model. These debates between farmers more or less stopped the day we obtained the first 
diagnostic results that we were able to synthesize on one graph, where the x-axis represents 
the global grade the farm received with the environmental assessment, and the y-axis the rate 
of milk produced autonomously on the farm. This representation of the results established a 
sort of consensus about the objectives of the project: to increase the level of autonomy that 
prevents the farm from being too dependent on external resources, while reducing its impact 
on the environment.  The general idea behind this is to improve the efficiency of farms by more 
effectively managing the link between herd size and the agronomic potential of the farm.  
 
After one and a half years of work, the global diagnostic had been implemented on 15 farms, 
including those of the five leading farmers. The survey was conducted by the AVEM 
agronomist for the environmental assessment and by the CETA technician for the rate of milk 
produced autonomously on the farm. At that point, the working committee decided that it was 
important to start communicating about the project in order to find out who was interested and 
who would be ready to participate in the next steps to promote changes on their farms. At that 
point, we decided to organise presentation workshops to present the project and the first 
results obtained with the agroecological diagnostic to the other members of the association. 
To encourage participation, we decided to organise four local workshops in the four historical 
areas of AVEM. In each one, one of the five leading farmers presented the project and the 
results of the diagnostic for his case. That communication is based on the results of our 
observation of the first year and a half of that project and, more specifically, on what happened 
in these workshops. 

 
Methods  
A participatory action-research approach with an accompanying perspective 
The researchers participated in the project from the very beginning of the process since they 
helped the farmer's association to draw up the project. In this project, they were members of 
the working committee and responsible for coordinating the last task: building a method to 
accompany the re-design of the farming system.  
 
The three researchers developed a participatory action-research methodology. Participatory 
action-research is a research approach where the aim of research is not only to understand a 
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given problem but also to provoke changes through action. Researchers immerse themselves 
in the context of the subjects they study, with the objective of encouraging them to become 
co-investigators of the research (Foth & Axup, 2006). As a matter of fact, the researchers 
wanted to investigate the design methodologies and concepts in a context of farming system 
transformation in order to explore their interest in and relevance to the agroecological 
transformation of farming systems. 
 
In the first part of the project, they were active observers (Soulé, 2007). The objective in that 
first stage was to understand the situation they were involved in and to understand the farmers’ 
needs and motivations to be involved in that project. To do so, they participated in all of the 
working committee meetings and led a series of 20 comprehensive interviews with members 
of the AVEM Association to better understand the diversity of farming systems and practices 
in the association and to form a better idea of farmers’ needs and projects beyond the leading 
group.  
 
Our analysis of these interviews has been a basis for discussing the advancement of the 
project. In fact, we showed the diversity of farmers’ concerns and projects, raising the question 
of how to involve this diversity of farmers in the next step of the project. This led to the 
organisation of the workshops where we proposed to organise a participative activity to collect 
participants’ opinions about the project and to explore their willingness to participate in the 
next stages of that project. 
 
Methods for collecting material and analysis 
Together with the working committee, we organised the workshops in two parts. The 
agronomist, the CETA technician and the representative farmer of the leading group were in 
charge of coordinating the first one. The objective was to present the project and its objectives, 
the diagnostic tools that had been designed and the diagnostic results for the case of the 
leading farmer, in comparison to the 15 other diagnostics done, which where anonymous. We 
were in charge of coordinating the second part in order to collect the participants' opinions 
about the project and to start discussing their will to be involved in it in the future. To do so, 
we used a metaplan methodology to provide all of the participants with the opportunity to 
express their opinions about two questions: (1) are you interested in the SALSA project? 
(explain why); (2) what would you like to do in the next steps of the project? The workshops 
lasted between two and three hours. 
 
Table 1. The four different workshops we participated in 

Workshop Region  Date Number of participants Case presented 
1 Ma Region 27/11/2015 13 (10 organic farmers 

+ 3 conventional) 
Farmer 1 

2 Mi Region 30/11/2015 3 (2 organic farmers + 
1 conventional) 

Farmer 4 

3 L Region 30/11/2015 8 (6 organic farmers + 
2 conventional) 

Farmer 2 (farmer 
3 present but not 
presenting his 
case) 

4 V Region 08/12/2015 6 (6 organic farmers) Farmer 5 
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We participated fully in the four workshops and recorded them. We only transcribed the 
exchanges with and between participants and the leading farmers' interventions. We then 
analysed the transcript using a content analysis methodology to identify and compare 
participants' reactions for each workshop (Berg & Lune, 2012). Next, we analysed that reaction 
regarding the context of each workshop and the way the project had been presented, and the 
leading farmers presented their results and their specific case to the others. 
 
On the basis of the analysis, we observed that one of the workshops was different compared 
to the three others, both in terms of the presentation of the case and in terms of the 
participants' reactions. We decided to illustrate our results by comparing two workshops 
(workshop 1 and workshop 3), which were the most representative of these two different 
reactions. To compare the two workshops, we built a table of comparison with the following 
elements: (1) the diagnostic results for the farmers presenting their case; (2) the way leading 
farmers reacted to the presentation of their case; (3) the way leading farmers talked about the 
SALSA project regarding their personal project; and (4) the way participants reacted during 
the project presentation and first results. 
 
Results 
We summarised the proceeding of workshops 1 and 3 on a table that compared: (1) the 
diagnostic results for the farmers presenting their case; (2) the way leading farmers reacted 
to the presentation of their case; (3) the way leading farmers talked about the SALSA project 
regarding their personal project; and (4) the way participants reacted during the project 
presentation and the initial results. 
 
We chose to present these two workshops because they were representative of the different 
reactions we observed in the four workshops (See Table 2). In fact, in workshops 1, 2 and 4, 
participating farmers were quite interested in the project, and the leading farmers presenting 
their case expressed their will to continue with the project, starting to imagine some changes 
they could implement on their own farms. On the contrary, in workshop 3, both participants 
and the farmer from the leading group were less receptive to the project and formulated more 
criticisms and hesitations about the future of the collective project. 
 
Analysing those two workshops we observe three main results: (1) when presenting their 
diagnostic to the others, farmers do not enter into the detail of their practices, but they explain 
their past and present choices and their personal project; (2) workshops do not go the same 
way depending on whether the farmer's personal project corresponds to the goals of the 
SALSA project; and (3) the groups with which we conducted the workshops seem to influence 
participant reaction. 
 
If we compare the proceedings of workshops 1 and 3, we observe that the two farmers who 
presented their diagnostic to the others did not react the same way. In the first workshop, 
farmer 1 tried to explain the cause of his results to the others. Doing so, more than describing 
his practices, he explained the past choices he made, which led him to his situation today. His 
project today is to find a way to reduce work and find an organisation where he would be less 
constrained by herd care. He expressed his interest several times in the project helping him 
to think about what he could do better now. In the third workshop the farmer, who was also 
participating in the project from the beginning, appeared to be more skeptical about his results 
and the project philosophy. He criticised the criteria chosen and the calculations made in the 

1316



 

diagnostic several times. At one point, he even expressed his disagreement with some general 
objectives of the project. His project is to produce cheese on the farm using rangeland pasture. 
Buying dry alfalfa is a way to secure his production. He is not looking for more efficiency in his 
practices and does not want to improve his productivity. When explaining the cause of his 
diagnostic results to the others, he seemed to be quite satisfied with the way he manages his 
farm now and does not express the desire to change anything, at least not in the perspectives 
proposed by the project. 
 
Moreover, we observe a different reaction of participants in these two workshops as well. In 
workshop 1, participants were less critical about the project and the diagnostic tools. They 
were also more constructive about understanding the situation of farmer 1, with some of them 
trying to help him to think about what he could do to progress. In workshop 3, on the contrary, 
they criticised the tools and the project, and some of them clearly disagreed with the project 
philosophy. Farmers from the Ma region that came to workshop 1 were almost all from the 
same dairy as farmer 1, which means they have the same rules for milk production (few 
limitations in terms of volume, incentives to produce as much as possible outside the natural 
milk production period of ewes, etc.). We think that this could be an explanation of their more 
positive reaction to the project. Moreover, they proposed to continue the work collectively with 
the dairy. Farmers that participated in workshop 3 had more heterogeneous sales’ channels 
and seemed to believe that they have very different soil conditions within the L region, which 
made the comparison and collective work less relevant from their point of view.  
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Discussion 
The description of these two workshops showed the importance of taking individual farmers’
projects into account when they were willing to co-design the transformation of their farming 
systems: (1) to ensure that the collective project matches the project of the farmers by offering 
them the role of co-designers; and (2) to give them the opportunity to express their individual 
project and to put them in the position of thinking about which changes could be made on their 
farm. In fact, in the first part of the SALSA project, when the diagnostic tools were co-designed 
with the farmers, debates between the leading farmers about what should be evaluated and 
what weight should be given to each indicator were very rich. They disagreed on what should 
be considered as the ideal situation to aim for: for example, “Is it an end in itself to achieve 
organic farming?” or “Is it better for the environment to buy dry alfalfa that comes from Spain 
and conduct your herd extensively on rangeland, or to intensify pasture and forage production 
to be more autonomous?”. Even when we reached a form of consensus on co-designing tools, 
some disagreements still existed. Comparing the reactions of farmers 1 and 3 in the two 
workshops confirms this. We think this first observation calls for a feedback on the 
methodology we used to design the diagnostic tools. In fact, the tools we built with farmers 
are very normative and carry strong assumptions of what is the desired state to aim at. This 
type of tool looks to start individual reflection and, if they are built locally, they can help in 
comparing farms, but they carry several limitations to the transformational process of farming 
systems: they promote a standardised vision of what should be the ideal situation to aim for 
and they do not allow for consideration of the territorial dimensions which it is necessary to 
take into account to deal with systemic changes (Barbier & Lopez-ridaura, 2010). This 
observation questions the value of the collective consensus obtained: does it have a generic 
value because it has been defined locally, during a process led by a group of farmers 
themselves? Some authors think that searching for collective consensus is a way to involve 
people in collective action (Russell & Ison, 2000). We suggest  exploring methods that favour
the expression of controversal issues. They would give a better opportunity for people to think 
about what compromises they are ready to make regarding their specific situation. 

The diagnostic tools and the overall project philosophy should have led participants to talk 
about technical issues and farm practices. However, when farmers presented their results in 
the two workshops, they talked also about their past and present choices unveiling their own 
norms and values. This result outlines the importance of considering the transformation that 
is to take place from the point of view of the farmer who is going to implement it. This echoes 
the work done by Coquil et al. (Coquil et al., 2011) when exploring the transition to autonomous 
dairy systems from the farmer's perspective. These authors proposed seeing this transition as 
a transformation of the farmer’s professional world as a whole and not only of his technical 
system. Farmers are re-designing their professional activity “step by step”, trying to solve 
incoherencies they meet in their activity. For that reason, a farmer’s personal situation and 
their professional project should be taken into account when designing changes to take place 
in the long run. Consequently, farmers should be given an opportunity to explain them in the 
collective process. 

To conclude we think it would be relevant to put the transformation of farmers’ activities at the 
core of the transformation process of farming systems. In a context where agroecological 
transition is to be defined locally and partly collectively (Duru et al,, 2014; Guzmán et al., 
2013), the challenge is to coordinate the design of a collective project setting goals and means 
to change, with the re-design of farmers’ activities at an individual level. This stems from the 
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development of participatory methodologies that places  professional development at the heart 
of the co-design process (Béguin & Pueyo, 2011; Gorli et al., 2015; Vänninen et al., 2015). 
This type of intervention calls for a facilitating researcher, whose role is more to help the 
development of the resources needed by farmers to transform their activity (Beauvais & 
Haudiquet, 2012). Lastly, a challenge for further research is to adapt or develop reflexive 
methods and settings that will help farmers to record and discuss the consequences of their 
choices. Together with co-design methods it will create a set that will reinforce farmers’ 
authorship in the redesign of their own farming system. 

Acknowledgements 
We would like to thank all of the SALSA project partners that we have been working with for 
the last two years, the AVEM Association and the farmers who participated in the workshops, 
the CETA organisation, “de l’herbe au lait”, the Grandes Causses Regional Park and La 
Cazotte Agricultural High School. This research was carried out with the financial support of 
the Fondation de France and of the Ecoserv Metaprogramme of INRA.  
 
  

1322



 

 
References 
Altieri, M.A., & Nicholls, C.I. (2008). Scaling up agroecological approaches for food 
sovereignty in Latin America. Development 51(4): 472-480. 
http://doi.org/10.1057/dev.2008.68 
 
Barbier, J., & Lopez-ridaura, S. (2010). Evaluation de la durabilite des systemes de production 
agricoles : limites des demarches normatives et voies d’amelioration. In E. Coudel, H. 
Devautour, C.T. Soulard  and  B. Hubert (Eds.) p. 9. Cirad-Inra-SupAgro ISDA. Montpellier, 
France. 
 
Beauvais, M., & Haudiquet, A. (2012). La recherche-accompagnement : des postures en 
retrait pour des visées autonomisantes. Pensée Plurielle 2(30-31): 165-174. 
http://doi.org/10.3917/pp.030-31.0165 
 
Béguin, P., & Pueyo, V. (2011). Quelle place au travail des agriculteurs dans la fabrication 
d’une agriculture durable ? Perspectives Interdisciplinaires Sur le Travail et la Santé. [En 
ligne], 13-1 | 2011, mis en ligne le 01 mai 2011, consulté le 03 décembre 2016. URL : 
http://pistes.revues.org/1708 ; doi : 10.4000/pistes.1708 
 
Berg, B.L., & Lune, H. (2012). An Introduction to content analysis. In C. Campanella (Ed.) 
Qualitative Research Methods for the Social Sciences (Parson, pp. 349-385). Upper Sadle 
River, New Jersey: Karen Hanson. 
 
Bos, A.P., Groot Koerkamp, P.W.G., Gosselink, J.M.J., & Bokma, S. (2009). Reflexive 
interactive design and its application in a project on sustainable dairy husbandry systems. 
Outlook on Agriculture 38(2): 137-145. http://doi.org/10.5367/000000009788632386 
 
Chantre, E. (2013). L’apprentissage des agriculteurs en transition agroenvironnementale. 
Pour 219(3): 141. http://doi.org/10.3917/pour.219.0141 
 
Coquil, X. (2014). Transition des systèmes de polyculture élevage laitiers vers l’autonomie. 
Une approche par le développement des mondes professionnels. AgroParisTech. 
 
Coquil, X., Beguin, P., Lusson, J.-M., & Dedieu, B. (not dated). Trasition vers des systèmes 
plus autonomes: les ressources de la construction de l’expérience de l'agriculteur. In Journées 
AFPF 2014: Concilier Productivité et Autonomie en Valorisant la Prairie (pp. 85-96). 
 
Coquil, X., Fiorelli, J., Blouet,  A, Trommenschlager, J., Bazard, C., & Mignolet, C. (2011). 
Conception de systèmes de polyculture élevage laitiers en agriculture biologique : Synthèse 
de la démarche pas à pas centrée sur le dispositif expérimental INRA ASTER- Mirecourt. 
Rencontres Recherche Ruminants (1): 57-60. 
 
Coquil, X., Beguin, P., Fiorelli, J.L., Trommendchlager, J.M., & Dedieu, B. (2012). Apprendre 
l’autonomie dans les systèmes de polyculture elevage laitier. Innovations Agronomiques 22: 
85-99. 
 
Duru, M., Fares, M., & Therond, O. (2014). Un cadre conceptuel pour penser maintenant (et 

1323



 

organiser demain) la transition agroécologique de l’agriculture dans les territoires. Cahiers 
Agricultures 23: 84-95. http://doi.org/10.1684/agr.2014.0691 
 
Foth, M., & Axup, J. (2006). Participatory design and action research: identical twins or 
synergetic pair. Participatory Design Conference PDC Trento Italy, i(5), 93-96. 
http://doi.org/10.1007/s11213-009-9145-9 
 
Gorli, M., Nicolini, D., & Scaratti, G. (2015). Reflexivity in practice: tools and conditions for 
developing organisational authorship. Human Relations 68(8): 1347-1375. 
http://doi.org/10.1177/0018726714556156 
 
Gowing, J.W., & Palmer, M. (2008). Sustainable agricultural development in sub-Saharan 
Africa: the case for a paradigm shift in land husbandry. Soil Use and Management 24(1): 92-
99. http://doi.org/10.1111/j.1475-2743.2007.00137.x 
 
Guzmán, G.I., López, D., Román, L., & Alonso, A.M. (2013). Participatory action research in 
agroecology: building local organic food networks in Spain. Journal of Sustainable Agriculture 
37: 1(Agroecology and Sustainable Food System): 127-146. 
http://doi.org/10.1080/10440046.2012.718997 
 
Lamine, C., Meynard, J.-M., Perrot, N., & Bellon, S. (2009). Analyse des formes de transition 
vers des agricultures plus écologiques : les cas de l’Agriculture Biologique et de la Protection 
Intégrée. Innovations Agronomiques 4: 483-493. 
 
Lefèvre, V., Capitaine, M., Peigné, J., & Roger-Estrade, J. (2014). Farmers and agronomists 
design new biological agricultural practices for organic cropping systems in France. Agronomy 
for Sustainable Development 34(3): 623-632. http://doi.org/10.1007/s13593-013-0177-2 
 
Magne, M., & Cerf, M. (2008). How information becomes a resource to act in an uncertain and 
complex world : sense making and contingency in the knowing process. 8th European IFSA 
Symposium, 6-19 July 2008, 38(2): 101-111. 
 
Mayen, P.  (2014).  Apprendre à travailler et à penser avec les êtres vivants. In Apprendre à 
Travailler Avec le Vivant  -  Développement Durable et Didactique Professionnelle (Raison et 
Passions pp. 15-75). Dijon. Retrieved from 
http://www.raisonetpassions.fr/index.php?id_product=77&controller=product 
 
Meynard, J.-M., Dedieu, B., & Bos, A.B. (2012). Re-design and co-design of farming system. 
An overview of methods and practices. In I. Darnhofer, D. Gibbon, and B. Dedieu (Eds.), 
Farming System Research for the 21st century: The New Dynamic pp. 405-429. Netherlands: 
Springer. 
 
Moraine, M. (2015). Conception et évaluation de systèmes de production intégrant culture et 
élevage à l’échelle du territoire. Retrieved from http://oatao.univ-
toulouse.fr/14171/1/Moraine.pdf 
 
Russell, D.B., & Ison, R.L. (2000). The research-development relationship in rural 
communities: an opportunity for contextual science. In Agricultural Extension and Rural 

1324



 

Development: Breaking Out Of Traditions: A Second-Order Systems Perspective (p. 10). 
Retrieved from http://books.google.com/books?hl=en&amp;lr=&amp;id=Fb-
HejvNWJsC&amp;oi=fnd&amp;pg=PA10&amp;dq=The+research-
development+relationship+in+rural+communities:+an+opportunity+for+contextual+science&
amp;ots=lUD_B30Pbw&amp;sig=XbxjrkJyaFuzS1-qO7mdyfcZ1_A 
 
Sanders, E.B.-N., Stappers, P.J., Steen, M., Kuijt-Evers, L., & Klok, J. (2007). Early user 
involvement in research and design projects - a review of methods and practices. Paper for 
the 23rd EGOS Colloquium 4(1): 1-21. http://doi.org/10.1080/15710880701875068 
 
Soulé, B. (2007). Observation participante ou participation observante? Usages et 
justifications de la notion de participation observante en sciences sociales. Recherches 
Qualitatives 27(1):  127-140. 
 
Vänninen, I., Pereira-Querol, M., & Engeström, Y. (2015). Generating transformative agency 
among horticultural producers: an activity-theoretical approach to transforming integrated pest 
management. Agricultural Systems 139: 38-49. http://doi.org/10.1016/j.agsy.2015.06.003 
 
Warner, K.D. (2008). Agroecology as Participatory Science: Emerging Alternatives to 
Technology Transfer Extension Practice.  Science, Technology & Human Values 33(6): 754-
777. http://doi.org/10.1177/0162243907309851 
 

1325



 

The potential and limitations of mobile-learning and other services in the 
agriculture sector of Kenya using phone applications 
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Abstract: Low productivity, income and food security in Kenya are often due to the low level 
of adoption of modern agricultural technologies. Smallholder farmers, who produce the 
majority of agricultural products, face various challenges, including access to adequate 
information, services and key value chains. Effective dissemination and adaptation of 
generated knowledge, practices and technologies to diversify production and foster resilience 
to recover from shocks and stresses amongst farmers are lacking. Regular extension services 
have failed to achieve the transformation from subsistence-oriented production to productive 
(semi-) intensive farming practices encompassing modern agricultural technologies. 
Information and Communication Technology in Africa is developing fast and the use of mobile 
phones has progressively moved beyond mere communications. Technology start-ups are 
taking advantage of the conducive environment in Kenya and building mobile applications that 
offer health, banking and, increasingly, agricultural services. Agriculture applications can 
provide farmers with an array of services from production systems management to climate 
information and market access. Yet while many of these applications have real potential to 
further social and technological transformation, particularly by engaging the youth and 
providing data to the government, they struggle with distribution and the set-up of sustainable 
business models. 
 
Keywords: Africa, mobile training, information dissemination, resilience 
 
 
Introduction  
Similar to many other African countries, the agriculture sector in Kenya is regarded as one of 
the main drivers of the country’s economic growth. It employs about 70 per cent of the 
population, both directly and indirectly, and contributes about 25 per cent to the Kenyan Gross 
Domestic Product (KNBS, 2014). The sector is composed of mostly rural smallholder farmers 
that practice rain-fed agriculture on less than 3 ha of land, which produces about three-
quarters of the country’s agricultural output (GoK, 2010). 
 
On-farm productivity however remains low, trapping farmers, who have very few alternative 
sources of employment and income, in a poverty cycle. Low agricultural productivity is often 
linked to low adoption of improved agricultural technologies, including better cultivars, 
fertilisers, pesticides, and practices (Aker, 2010). A mix of several factors prevents the 
adoption of new agricultural technology and innovation by farmers and involves the level of 
education, individual risk preferences, capital and perception, as well as inputs such as land, 
labour and credit, as well as access to information (Aker, 2010). Relevant and suitable 
information on best practices, new technologies, post-harvest handling and value-addition are 
key in order to boost productivity (Munyua et al., 2009). Other factors include complex 
structural challenges, such as access to quality inputs, markets, technology and loans (Salami 
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et al., 2010). Unable to diversify or adopt better technologies and practices leaves small 
holders vulnerable to the impacts of natural hazards, such as extreme weather events or pest 
and disease outbreaks. Hence, when disasters cause crop, livestock and income losses, 
poorer farmers are the least able to recover, further aggravating food-insecurity and poverty.  
 
New mobile phone-based agriculture services are increasingly offering solutions to address 
challenges as traditional extension services are struggling to fill the knowledge gap and drive 
structural change. This paper provides an outline of which mobile agricultural applications 
exist in Kenya, how they developed and what impacts Information and Communication 
Technologies (ICTs) could have on agricultural training and service provision. It will further 
examine how their various features can increase the adoption of agricultural technologies, 
access to key services and integration into profitable value chains, and as a consequence 
enhance resilience and foster social and technological transformation of farming systems. The 
research for this work involved a desktop review of secondary sources of information as well 
as interviews with the key app provider in Kenya.  
 
 
Resilience and promotion of sustainable farming systems 
Over the last decade, resilience has become a key concept in international development. The 
concept also underpins the newly adopted Sustainable Development Goals, which build the 
basis for a new development agenda (UNISDR, 2015). While precise definitions vary between 
organisations, the United Nations’ Food and Agriculture Organisation (FAO) defines resilience 
as: "the ability to prevent disasters and crises as well as to anticipate, absorb, accommodate 
or recover from them in a timely, efficient and sustainable manner. This includes protecting, 
restoring and improving livelihoods systems in the face of threats that impact agriculture, 
nutrition, food security and food safety."   
 
Advances in building resilience into agriculture are largely clustered around the following four 
key components: soil fertility; water-availability; diversification; and a strong local community 
(Thompson et al., 2015). Considerable research and development has been conducted to 
intensify crop and livestock production, improve agricultural technologies and develop resilient 
food production systems (Juma et al., 2013). Such practical farming systems include 
conservation agriculture (CA), agro-ecological farming and climate smart agriculture (CSA), 
amongst others. They share various common principles and practices such as integrated pest 
management, crop rotation and sustainable water management practices such as rainwater 
harvesting or irrigation efficiency.  
 
One of the main challenges to achieving high productivity and resilience is the effective 
dissemination and adaptation of the knowledge, practices and technologies. Farmers need to 
be able to access this knowledge and these practices to profit from these advances and to be 
accurately trained to foster their long-term adoption. Various public-sector programmes and 
international development agencies’ initiatives focus on distributing new practices to often 
remotely located farmers. However, reaching smallholder farmers, particularly in remote 
regions, is time-consuming, expensive and has shown limited results in terms of adoption of 
improved agricultural technologies. 
 
Traditional extension services, such as the trainings and visits (T&V) system, extensively 
promoted by the World Bank during the 1970s, do provide a high rate of return on investments 
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(Birkhaeuser et al., 1991). Good extension services require adequate and well-trained 
extension staff and continued funding for training and follow-up visits (Birkhaeuser et al., 1991; 
World Bank, 2005). Verification of their impact on adoption of agricultural technologies and 
productivity remains limited despite decades of investment in and experience with a variety of 
public extension programmes. Their limited geographic scale and poor sustainability, as well 
as low motivation and accountability of the field staff reduce the effects of extension services 
(Anderson & Feder, 2007). The quality of the Kenyan extension service varied strongly during 
the different political eras and between the geographic regions. The current political devolution 
process, which was initiated in 2013 and involves the transfer of health, education, transport 
and agriculture services to the 47 counties, has led to very mixed extension provision between 
the newly formed counties. 
 
Other extension channels for agriculture information are TV, radio, print media and manuals, 
that might create initial interest in new systems with farmers, but are static tools and do not 
allow questions, clarification or in-depth training. These tools and extension services primarily 
address the information gap, yet do little to address the structural challenges farmers face and 
hence lack the transformative power required.  
 
The latest information and training tool, which many famers already carry in their pockets, is 
the mobile phone. In theory, once set up with the relevant applications, both smart and none-
smart phones have the potential to inform, train and monitor farmers, as well as change 
operational processes when established as open platforms that include input supplier and 
markets.  
 
Mobile subscription and use 
Following global trends, mobile phone ownership and sim-card subscription are continuously 
growing in Africa. Sub-Saharan Africa (SSA) recorded 389 million unique subscribers in 2015 
representing a penetration rate of 41% as reported by GSMA (2015), the representing body 
for all mobile operators globally. Yet mobile phone subscriptions vary greatly between 
countries, with a mobile penetration in Kenya of over 80% but only 34% in neighbouring 
Ethiopia. One factor why the number of mobile phones is are still trailing behind the rest of the 
world is affordability. With 43% of Africans still living on less than $1.90 a day (33% in Kenya), 
many cannot afford the cost of a handset or regular phone credit (Beegle et al., 2016).  Many 
people do however have access to a mobile phone through ‘device sharing’ between family 
or community members without owning a phone themselves. Illiteracy and digital illiteracy are 
additional barriers that limit the use of mobile phones or their functions.  
 
An inconsistent and slow network is the key technical barrier in many regions in SSA. 
However, GSMA (2015) projects that by 2020 a more extensive network coverage will be 
available, offering high-speed mobile broadband connections i.e. 3G and 4G technologies. 
Based on this the developing world will experience an increase from currently less than one-
third to nearly two-thirds of all connections running on mobile broadband networks in 2020 
(GSMA, 2015). 
 
ICTs, in particular mobile phones, are not only used to communicate, but also to access 
information and a growing range of new applications and services. In Kenya these increasingly 
include to make or receive payments, access political news or look or apply for jobs (PEW, 
2015). Mobile phone applications (“apps”) are software applications designed to run on mobile 
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devices. They are having an increased impact in terms of making crucial information available 
in the fields of health (mHealth) or services, such as banking (mobile money), where mobile 
phones have transformed consumers’ banking behaviours and promoted financial inclusion in 
the region (GSMA, 2013). Paving the way in Kenya was the mobile banking application M-
Pesa, which was launched by the mobile phone provider Safaricom in 2007. Currently used 
by over 15 million Kenyans, M-Pesa allows users to send and receive money, pay bills, save, 
or use cashless payment services. High mobile phone ownership, together with M-Pesa’s 
prominence and the resulting cultural transformation, have shaped a new realm with 
technological innovations continuously expanding the list of new services and applications.  
 
 
Information and communication technology for agriculture  
While the mobile app landscape in SSA is still dominated by health and finance services, 
agricultural support solutions (often referred to as mAgr or m-agriculture) have entered the 
field. A wide range of applications provides information and services via voice, short message 
service (SMS), USSD (Unstructured Supplementary Service Data – a message service 
allowing access to data through a menu structure) and the Internet (Aker, 2010). ICT’s main 
function and core value is the ability to collect, process, exchange and distribute information 
(Brugger, 2011). Agriculture apps can roughly be categorised into the following four themes: 
1) ICT for production systems management; 2) ICT for market access services; 3) ICT support 
services, including financial inclusion; and 4) data collection (Brugger, 2011; FAO, 2013). 
Many apps providers frequently bundle some of these functions, aiming to offer one-stop shop 
solutions for their customers. 
 
Various agriculture-based mobile phone apps that target underserved small-scale farmers 
such as iCow, mFarm, Esoko, M-Shamba, FarmDrive, Plantwise, Haller Farm app, M-Samaki 
and WeFarm, have been launched in Kenya. It is mainly young developers living in Nairobi 
that have initiated many of these start-ups. They see the opportunity to tackle challenges that 
their families and friends face in their rural homes.   
 
Several advantages make mobile applications a great addition to traditional extension tools. 
In contrast to an extension service network, mobile phone apps are instant, interactive, far-
reaching and relatively low-cost, with a range of benefits and expandable features. Agricultural 
apps can offer a suitable solution to help farmers to adopt modern and sustainable farming 
practices and build clusters, and offer vital links to input provider and local markets in poor 
and remote areas where farmer are unable to access the Internet or have no or little support 
through extension services.  
 
Apps’ potential to increase resilience  
At the sector-level, it is clear that in order to holistically strengthen resilience on national, 
community and the individual level complex governance and policy reforms are required. 
Factors that drive resilience such as improved infrastructure, research and coordination must 
be integrated into public investment policies and planning.  
 
More pertinent to measuring apps’ capacity to promote resilience is to examine their impact 
on the farmer level. One methodology often used to illustrate how resilience can be achieved 
at the farmer level is the ‘sustainable livelihoods approach’, adopted by Oxfam Great Britain 
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in the early 1990s. Market-oriented and diverse livelihood strategies are thereby believed to 
lead to progressive livelihood outcomes, such as less vulnerability and improved income and 
food security. Following this market-based approach to improve rural livelihoods, agricultural 
apps have the potential to offer better access to a) information, b) extension services, c) links 
to markets and d) finance in Kenya. As illustrated in Figure 1, existing agricultural applications 
promote productivity and performance of individual farmers, as well as whole agricultural value 
chains and include supporting services and connected sectors. To give a specific example: a 
farmer can be made aware about the benefits of a technical advance such as a greenhouse, 
get access to credit to afford this new technology, and receive training on how to best use it, 
order inputs and find a market to sell the products grown in the greenhouse. Easing those 
traditional bottlenecks empowers farmers to have the opportunity to make informed choices, 
access technical and financial services and participate in lucrative value chains. 
 
 
     MFarm 
   Market information Esoko  Higher prices, produce  
Better access    M-Shamba in greater demand 
to information     
   Climate information Airtel Kilimo 

Esoko 
   Better risk management  

   Disease information  Plantwise  
    
    Good agricultural Haller 
Better access to  practices and  Esoko  Higher-yield production Higher income for  
extension services  improved   M-Shamba    small-scale famers 
   technologies  M-Samaki 
     iCow 
 
   Extension services TankCal (private sector) 
 
   Direct links MFarm  Less exploitation by  Lower transaction, 

between farmer M-Shamba middlemen  logistical, and 
and buyer Esoko     distribution costs for input 

 More efficient   supplier 
Better market links      distribution chains 
 
       Increasing efficient and Improved traceability  
   Better recoding,   predictability  and quality standards for 
   accounting an FarmDrive    buyers 
   traceability  M-Shamba Reduced admin cost 
       

Reduced fraud 
 

  Credit  FarmDrive    New opportunities for  
          financial institutions 
Better access to  Insurance  FarmDrive Higher yields, more  
finance     ACRE     diverse production, 
   Payment methods   fewer losses 
 
 
Figure 1. Potential results generated by mobile applications for agricultural and rural 
development in Kenya (Source: modified after Qiang et al. (2011)) 
 

 
How these app services foster resilience becomes apparent when breaking down the above 
cited definition of “resilience” and matching it with services that agricultural apps can offer: 
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"resilience is the ability to - prevent disasters and crises > good agricultural practices  
                            & improved technologies  
as well as to the ability to  - anticipate            > climate & disease information  

            - absorb                        > crop & livestock insurance  
                           - accommodate                      > good agricultural practices  
                         & improved technologies  

           - recover            > access to credit  
 

…from them in a timely, efficient and sustainable manner.” 
 
Information and training 
Agricultural apps can provide relevant and up-to date information on best practices, crops and 
new tools. In practical terms: for farmers to know what soil conditions, climatic and water 
requirements new varieties of crops have before planting, allows for information-based 
decision-making.  
 
Several apps go further than just providing information. They teach new skills or farming 
practices, through regular SMS- or voice-based tutorials. Training farmers ‘on the job’ and on 
their farms, follows a ‘learning-by-doing’ approach, increasing the likelihood that they will 
eventually ‘own’ and adopt those improved practices. The crucial advantage of such apps is 
that they allow the user to inquire, learn and train at a time and place of their convenience. 
Also, information and services can, if the network permits, be accessed promptly and when 
specific information is needed. Additionally, research in mobile learning has shown that 
through regular contact, participants remained more committed and showed significantly 
better results (Ayoma & Oboko, 2013).  
 
Examples of this type of app available in Kenya include: Haller app, which provides detailed 
farming instructions to smallholders, varying from how to increase soil fertility to how to 
maintain a beehive; M-Shamba which targets small-scale crop and poultry producers and 
teaches best practices; M-Samaki which guides fish farmers through a complete fish 
production cycle, giving advice on topics ranging from feeds and pond health to marketing and 
harvest; iCow which tracks the life cycle of cows and retains all relevant information specific 
to each cow; and WeFarm which provides free peer-to-peer SMS-based advice (launched in 
2011 it currently has 43,000 users in Kenya, Peru and Uganda that ask and answer questions, 
about topics such as livestock and crop diseases and new farming). Providing a much more 
comprehensive management solution is M-Shamba’s Farm System function that allows 
farmers to track farm activities including revenue and expenses. This addresses a large 
practical challenge for farmers and a key component of provability, which is record keeping.  
 
Various companies also started using apps to inform and teach customers about their 
products. Syngenta’s TankCalc aids farmers in calculating the right measures for their plant 
protecting products.  
 
Climate information  
In a country where agriculture is over 90 per cent rain-fed, receiving climate and weather data 
helps Kenyan farmers to plan farming activities and to decide when to plant their crops. Good 
climate advice can proactively prepare smallholder farmers to become more climate-resilient, 
in particular when linking forecasts directly to explicit agronomic advice on how to respond to 
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specific weather conditions. The GSMA even goes as far as recommending “donors to put 
weather forecasting and monitoring at the core of climate adaptation funds, and to focus on 
mobile-centred projects in order to increase the opportunity to scale services and generate 
socioeconomic impact“ (GSMA, 2016, p. 4).  
 
Yet in order to be relevant climate data and advice needs to be site-specific, which currently 
is often not the case. There are two main reasons why this is needed: (i) unless farmers have 
a smart-phone with GPS functions, it is difficult to determine their exact location due to the 
lack of a formal street address system; and (ii) Kenya’s many localised micro-climates make 
exact forecasts particularly difficult.  
 
‘Climate apps’ available in Kenya include: Airtel Kilimo, which provides forecasts for the 
coming week, based on data provided by the Kenyan Meteorological Department; and Agro-
Weather Tool, funded by the World Bank, which aims to increase the adaptive capacity of 
farming communities in Kenya and Ethiopia through improved access to information on 
weather and climate patterns. In addition, one of ESOKO’s many services includes sending 
SMS messages with weather and agronomic tips. 
 
 
Access to credit  
Many banks and financial institutions have traditionally shunned agriculture loans, as lending 
to smallholder farmers is perceived as high cost, high risk and with low returns. However, 
tackling the unmet demand for credit by farmers also helps foster resilience, as access to 
financial services is crucial for smallholders to make long-term investments to enhance 
productivity, quality and diversity. Affordable, collateral-free credit allows farmers to, 
depending on their respective priorities, invest in: a) sustainable climate-smart technology, 
such as drip irrigation systems; b) a means to increase productivity, by for example diversifying 
their crop or livestock profile; c) improved post-harvest practices, such as building better 
storage facilities; or d) value addition methods like building a smokehouse for smoking fish. 
Moreover, access to loans grant farmers the opportunity to commence or expand into different 
non-farming activities. 
 
Microcredit schemes have a positive impact on farm productivity and generally a good 
repayment rate (Okon et al., 2012; Girabi & Mwakaje, 2013). Although, as Adams and 
Bartholomew (2010) point out, microcredits are often not effective if farmers lack business 
skills and access to markets for their products.  
 
The Kenyan app FarmDrive addresses the high-risk challenge by generating individual credit 
profiles, based on farm information and expenditure and profit history. They currently offer two 
types of loans, an input financing loan and a diversification loan for larger investments such 
as irrigation systems. Farmers borrow on average around 15,000 - 20,000 KES (150-200 US 
dollars). 
 
 
Price information and market access  
One of the most common ICT interventions, aiming to provide more financial transparency in 
the agricultural value chain, are pricing services. Farmers receive prices for a range of 
commodities either on demand or pushed at pre-set intervals. A second type of service allows 
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farmers to use their mobile phones to trade and market their produce, via trading platforms 
that match producers with buyers. These services provide farmers with better market 
intelligence, first in the crop selection at the production stage and later, by providing better 
bargaining power during the selling process. As trading platforms can link remote farmers to 
regional markets, they support the emergence of a more diverse rural economy (McNamara, 
2009). Improving market-access for smallholders advances their resilience by enabling poor 
farmers to participate in higher-value agriculture chains, which in turn improves their income 
(McNamara, 2009). Trading platforms also eliminate the middleman, thereby driving structural 
changes in the value and supply chain and increasing profits for farmers.  
 
The Kenyan ‘pricing app’ M-Shamba offers a marketplace function that has been designed to 
promote the trade of agricultural commodities while using basic mobile phones. Farmers can 
post their products using SMS, an android app or via the internet. MFarm offers a ‘Daily Prices’ 
update with price information on 42 crops in five urban markets, as well as a marketplace 
service. Esoko not only links buyers and sellers, but also creates SMS alerts on prices and 
buyers for selected crops. ConviFarm/Kilimo Rahisi app combines various services and 
connects rural farmers with information and services offered by agricultural related companies 
based near the user. This simplifies farmers’ access to inputs and increases the customer 
base of agro-based companies. Sectors covered include beekeeping, organic farming, 
irrigation services, rabbit rearing, hydroponics and livestock feed. 
 
Insurance 
Insurance is another financial innovation that can build resilience for farmers. Originating in 
the United States of America to help agricultural producers recover from the effects of the 
Great Depression and the Dust Bowl, farmers can insure against losses that are unavoidable 
and beyond their control. In the African context, insurance can save poor farmers from the 
complete loss of their livelihood after a disaster and help to restore their farming systems for 
production in the next seasons.  
 
The Kenyan app ACRE (formerly known as Kilimo Salama which in Swahili means “Safe 
Agriculture”), is a micro-insurance programme designed for Kenyan farmers, built through the 
collaboration of Syngenta Foundation for Sustainable Agriculture, UAP Insurance and 
Safaricom.  FarmDrive is in the process of incorporating crop insurance, so that the farmers 
who take out loans will be able to bundle these with crop insurance. 
 
 
Apps and social and technological transformation 
Returning to the ‘sustainable livelihoods approach’ framework helps to establish how the 
numerous services and functions which agriculture apps provide might assist with 
transforming related processes and structures and fostering some of the social and 
technological transformation required.  
 
That agriculture apps have the potential to instigate social transformation becomes apparent 
when considering their great ability to reach and engage the youth in Kenya. Defined as the 
population between 18-35 years of age, the youth represent 37% of the population, but 
constitute more than 70% of the unemployed (IEA, 2016). Yet at the same time, young people 
increasingly abandon agriculture as a source of employment and migrate to the cities to look 
for alternative opportunities. The average age of farmers in Kenya today is 60 years (UNDP, 
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not dated.). Re-engaging the youth through the means of agricultural apps could therefore 
help tackle youth unemployment and an ageing-farmer population. A key advantage is that by 
providing relevant advice and proficient services, apps can change young people’s attitudes 
towards agriculture, by encouraging them to approach farming as a profitable business. A 
report by the IICD found that agriculture apps take advantage of the “youth’s affinity for using 
ICTs, their capacity to innovate and their propensity for taking higher entrepreneurial risks” 
(IICD, 2013, p. 4). Ninety percent of the 24-38 year old farmers in Western Kenya that were 
researched use ICT on their farm, which further confirms this hypothesis. The report also 
stressed that more young people had shown an interest in investing in farming lately, which 
the farmer representatives that had observed this trend linked to the various ICT applications 
that had recently been introduced.   
 
A process that takes place, often by default or as a side-process, is that agriculture apps 
collect a large amount of information on their users, commodity prices and climate records, 
which in total is referred to as “big data”. Using and analysing this data could help governments 
to better monitor, analyse and react to developments in the field. This independently-gathered 
data could be harnessed and provide evidence-based policy making, more targeted extension 
service provision and more effective resource allocation. This potential has been recognised 
by the application providers themselves. MFarm has specialised in selling their data to 
companies, NGOs and government bodies, offering various licences to access their database. 
Esoko offers agricultural data collection using their trained field researcher team.  
 
Another opportuity for governments to use mobile applications in agriculture would be through 
a specifically designed app to monitor, support and verify the work of their extension officers, 
or even outsource some parts of the extension services (following the example of a project in 
Uganda). There, the Grameen Foundation recruited and trained rural community members to 
act as trusted agents in their communities and to use simple Java-enabled mobile phones to 
provide information services to farmers, including farming practices, market conditions, pest 
and disease control and weather forecasts, and to collect data from villages (Brugger, 2011). 
 
As mentioned before, agri apps can foster the technological transformation by supporting the 
uptake of new improvements in technology. While it might seem obvious, the first step for 
improved agricultural technologies to be taken up is for farmers to have heard about them. 
According to Rogers (2003), forerunner of the diffusion of innovation theory, the first stage in 
the innovation adoption process is “knowledge”, followed by “persuasion”, “decision”, 
“implementation” and “confirmation”. While a mix of factors subsequently influences the actual 
rate of adoption of a new innovation, awareness is a fundamental prerequisite. Those 
agricultural apps with training functions can furthermore promote the “implementation” of 
agricultural innovations. 
 
The technological transformation potential of apps increases further when combined with 
sensor technology. Various types of sensors that monitor temperature, soil fertility and water 
quality facilitate more precision in farming. How this kind of technology can be applied has 
been demonstrated by M-Poultry in Uganda. Farmers monitor the temperature sensors in 
chicken-brooders and food and water availability via a sound sensor through their phone. 
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Challenges 
While agricultural apps do offer a lot in theory there are however considerable challenges in 
the field.  
 
Paradoxically, most apps struggle with one of the key problems that they are attempting to 
solve: distribution. Apps often perform poorly when it comes to their own marketing and 
distribution, which incorporates the interlinked components of dissemination, comprehension 
and long-term uptake or adaption. While initially only a small user-group might be required 
during the trial and test phase, a significant scale-up is often essential to guarantee the 
financial sustainability of the start-up business in the long-term. A group of USAID researchers 
(Burns & Dolan, 2014) discovered that  iCow, a widely acclaimed Kenyan app which has been 
running for over five years, is unknown to dairy cooperatives within a four hour radius of the 
company’s base in Nairobi. M-Farm, they found, has fewer than 20,000 users. This relatively 
low adoption of applications and services is mainly due to low awareness of their existence. 
Burns and Dolan conclude that in order to spread distribution, apps services need to expand 
their marketing and outreach. 
 
Tightly linked to the adoption is the actual understanding of the new service and its functions. 
While some apps, such as weather and pricing services, are straightforward, some more 
complex solutions like FarmDrive, that combine services, still need a formal introduction and 
training. One solution is to introduce the application in capacity building workshops. However, 
awareness campaigns and training for user acquisition often become a major cost-factor for 
tech start-up apps, which are generally short on funding.  
 
Related to distribution is the challenge of ensuring the actual long-term adoption of apps’ 
solutions. Much depends on the users seeing the added value in the service provided and if 
they are willing to pay for the service. To ensure the applicability and usefulness of these 
applications requires a thorough user research and design process; generally the first step in 
the development process (Burns & Dolan, 2014). Key to the further uptake and understanding 
of the content communicated is to offer services in well-timed portions, in a language that is 
understood, both linguistically and comprehensibly (i.e. using farmer language) and distributed 
in a suitable format. This would, for example, mean choosing a short voice-message service 
in a region with high illiteracy, in the locally spoken language, using simple and widely-used 
terms. Additionally, it is wise to monitor the users’ experience and test if content and features 
are understood, relevant and can, if possible, be further fine-tuned.  
 
Many agricultural apps give farmers the opportunity to ask questions or to give feedback, 
unlike other agricultural information channels such as newspapers or radio. The use of these 
apps can advance a participatory process, allowing farmers to provide input on the pertinence 
of the services and advice shared and vital insights into realities on the ground. Perhaps most 
importantly for agriculture app providers is to design their product in ways that include such 
crucial feedback loops and promote user-involvement on content and functions, so allowing 
their services and information to be interactive, suitable and relevant.  
 
Another challenge, shared with other tech start-ups is financial sustainability. Currently, the 
majority of agriculture apps are partially or completely funded through donors, charities or 
incubator programmes. To achieve commercial sustainability and to turn a SMS-based 
information service into a business without donor funding is still very difficult (Southwood, 
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2013). Most common funding models rely on charging the user a small fee for each SMS sent, 
which is split between the network operator and the application developer. Yet so far only very 
few agricultural apps have managed to generate the user-volume required to finance their 
business and recoup the cost of operating the service in this way. 
 
The final challenge is the limited interaction and functions of basic phones i.e. non-smart 
phones, which the majority of mobile phone users own. Mobile phone applications real 
potential is best-realised through smart-phone driven applications, such as instant messaging 
and video streaming. As most people are visual learners, new information and training have 
a higher impact when supported by short videos and pictures. Influenced by the technical 
capabilities, many of the agriculture app services in Kenya start with an Android version for 
smart-phones, but later shift to basic phone versions after realising that their user-base still 
own basic phones. Currently smart-phone ownership is too low in rural Kenya to make Android 
apps viable. More affordable smart-phones, together with an improved broadband network will 
be likely to lead to a rise in the adoption of smart-phones (Ericsson, 2014).  
 
Conclusion 
In this paper it has become apparent that agriculture apps offer a range of services and 
functions that can, if adopted, allow farmers to be better informed, take up improved 
technologies and integrate into value chains, thus improving their productivity and resilience. 
The use of mobile applications could also help to re-engage the youth with farming and 
improve and speed up extension services. They can furthermore assist in advancing some of 
the social or technological transformation needed, though since these are multi-faceted, 
gradual processes, they will require time and sustenance through other initiatives.  
 
Agriculture apps however are not the ‘silver bullet’ that will be able to solve all challenges for 
smallholders; they are an additional tool in the toolbox. Still essential for them to work is to 
strengthen the agricultural sector as a whole through agricultural research, supportive policies 
and programmes, to improve market access, rural infrastructure and better collaboration 
between stakeholders (local and national institutions, the private sector and NGOs). Apps can 
only deliver information that is tested and verified; they can only provide good climate data if 
it has been recorded and made available, and only build linkages along value chains if those 
already exist and to markets that are accessible.  

It is currently too early to judge what impact ICT-based agricultural services can really have, 
since their diffusion and long-term sustainability are still big obstacles. So far, very little 
research has been conducted on the actual impacts of applications as empirical trials are 
complicated due to a range of threads including serial correlation and spill over effects, as 
highlighted by Aker (2010). Future research should focus on how mobile phone apps can be 
made more accessible and their uptake increased, as well as on how participatory processes 
can be further improved in terms of feedback and uprating on content and services vital to 
farmers. 

The potential of the ICT sector is of great interest to the development sector. USAID runs 
various ICT programmes, the FAO has developed the SAFA Smallholder App for soil analysis 
and GIZ recently launched the ICT4Ag Coordination Unit, looking to accelerate the adoption 
of tech solutions for their numerous projects and within agriculture value chains.  
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Abstract: Participatory research approaches are regularly included in agricultural research 
projects for development. Participatory research is a real comprehensive process. This article 
shows through two study cases the importance of understanding the diversity and the 
complexity of a problematic and to take this into account before acting. In the African Great 
Lakes region, maintaining soil fertility is a continuous challenge; its degradation is highlighted 
in the majority of the latest scientific publications. Meanwhile, farmers' ingenious practices to 
overcome this problem haven't attracted much attention. The first case study is about a 
systemic analysis of soil fertility management in banana-based smallholder farming in Burundi. 
Exploring the complexity of the rural realities, the method highlighted diversity in the practices 
as well as the multiplicity of farmers’ problem-solving skills. The second case study gives an 
example of this second step of the process: acting in a research-action project in South Kivu. 
Banana crops in the region have been attacked by a bacterial wilt for which there are no 
technical solutions. In this case, our method allowed co-constructing the reflex of prevention 
by training based on the local reality of farmers. By working via interactions with stakeholders, 
we made partnerships with actors at different levels. This methodological process redefines 
the role of researcher as an integrator between the micro level of farmers and the macro level 
composed of the actors of the innovation network. This new kind of researcher needs to 
acquire some skills to carry out this new job for facilitating the transformation of agriculture. 
 

Keywords: Comprehensive, diversity, complexity, action-research, integrator-researcher 
 

Paradigm shift in agricultural research: new needs and approaches 
The paradigm of agricultural modernisation and its productivity growth hypothesis are currently 
being challenged. 
 
Starting in the sixties with the Green Revolution, agricultural modernisation sustains an 
increase in the crop yield through the use of inputs and technologies. This allowed a significant 
increase in production in the regions suited to its establishment. Nevertheless, 850 million 
people still suffer from hunger and half of them are small farmers or farm workers living in rural 
areas (FAO, 2012). The problem of hunger seems more ascribable to access and distribution 
than it is to production (Mathijs, 2011). Moreover, the modern agricultural paradigm seems not 
to correspond to the environment of the majority of small family farms, which represent 85% 
of world agriculture (Von Braun et al., 1991). In these regions, these agro-technical 
approaches resulted in many failings, due to unfavourable institutional environments, but also 
to technical solutions unsuitable to farmers' real needs, lacking consideration for their logic 

1340



 

and their intrinsic capacities (Lavigne-Delville et al., 2004). In addition, most of those who are 
not in a situation of food insecurity are facing erosion of their income and their autonomy (FAO, 
2011). This socio-economic crisis related to an “ill-development” is accompanied by an 
environmental crisis (Stassart et al., 2012). The global agri-food system is a major source of 
degradation of natural resources and its negative externalities are widely criticised. 

Alongside this double crisis an agro-environmental transition of agrarian systems is getting 
under way. Agro-ecology puts into perspective the vision of agriculture and of innovation. From 
its point of view, external technologies are no longer at the centre of the systems, but rather 
the agro-systems' peculiar functions e.g. the optimisation of the hydrologic cycle (Altieri, 1989). 
The combination of ecological and agronomic knowledge, together with farmers' scientific 
know-how, is therefore considered of primary importance (Stassart et al., 2012).     

This transition requires change in the classical research paradigm (Collinson, 2000); that calls 
for new approaches based on system perspectives and a comprehensive framework. In 
Agricultural Research for the Development (ARD), farming systems’ research approaches 
promote an interdisciplinary holistic framework, rather than a narrow technology or crop focus, 
with identified farmers’ problems and constraints as the basis for planning research and 
extension activities. That changes the model of technology development from a linear transfer 
of technology model to an iterative approach based on learning and adaptation. Adaptive 
methods and tools are therefore necessary. Among them, participatory research can draw on 
both indigenous and scientific knowledge systems (Adrienne & Sherington, 1996). In 
interaction both with farmer and scientific and government institutions, the role of researcher 
also changes. Integrating farmers’ arguments, he/she can better approach the complexity of 
rural realities and farming systems. Besides, its outsider perspective on available 
technologies, new market opportunities, processing possibilities and policy influence draws on 
resources not normally available to local farmers or communities (Collison, 2000). 

In this article we illustrate this systemic and participative approach as a whole process in 
action-research through two case studies focused on the banana-based cropping system in 
the Great Lakes region. More specifically, we show the researcher’s approach at two distinct 
stages: the MSc student and the PhD student. In the first case study, the student achieves the 
first step of the process: understanding the diversity as well as the multiplicity of farmers’ 
problem-solving skills.  The second case study demonstrates how the PhD student takes this 
into account to propose a solution adapted to local rural realities. 

 

Context of the case study: the Great Lakes region and the importance of the banana 
crop 
Burundi and South-Kivu are located in the Great Lakes region, characterised by a particularly 
diversified environment and uneven reliefs. Its climate is tropical, tempered by altitude.  Small 
farms, with an average size of less than one hectare (Karamura et al., 1998) are located on 
the hills on up to 20% of slope (Rishirumuhirwa, 1993). 
 

The current farms' organisation is divided up into five different soils. The two main production 
systems consist of dense banana plantations encircling the house or “rugo”, associated with 
shade plants (1) and food crops associated with scattered banana trees (2). The cultivation of 
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cassava or sweet potato, demanding very little contribution from fertilisers, is generally carried 
out in single-crop farming on plots, at times far from the habitation (3). Some afforestation or 
residual pastureland occasionally covers the top of hills or slopes which are unsuitable for 
cultivation (4).  In the “swamps”, referring to the small wetlands that separate the hills and the 
big marshland in the valleys, we find different farming systems: beans crop rotation + corn or 
potato with rice, fodder weed, vegetables, etc. (5). 

In this country, with a predominantly rural population, the cultivation of banana has an 
important place at the food, social and economic level.  

Since the last century, following the cultivation of pastureland and epizootic diseases, banana 
has replaced livestock as the new source of green manuring (Cochet, 2001). Contributing 
more than 50%, it represents the main element producing biomass (Rishirumuhirwa & Roose 
1998). 

Banana plantation means a lot to the farmers. First of all, it is the source of food: as juice, 
beer, starch and fruit banana can be consumed in many forms throughout the year. The 
production method provides its perennial nature and ensures food security during times of 
hunger.  Banana represents also the main and at times the only source of income for the rural 
population, through the selling of bunches, juice or beer in local markets or to middlemen (Picq 
et al., 1998). 

The multiplicity of banana's functions for the population in the Great Lakes region, illustrates 
the complexity of the farming systems based on banana cropping and the need to adopt 
approaches that are capable of taking it into account. 

Case study on soil fertility in Burundi: MSc student’s approach to conduct a 
comprehensive assessment to understand the diversity  
This first case study illustrates the approach adopted by the second author as an MSc student 
in agronomy, to conduct a systemic assessment of soil fertility management in banana-based 
smallholder farming in Burundi.  

Genesis 

In Burundi, soil fertility is a permanent challenge for farmers. Temperatures that are propitious 
to chemical alteration and the humidity conditions, together contribute to diminish intrinsic soil 
fertility. Besides, higher pressure on arable land leads to cultivation of marginal soil and to the 
fragmentation of plots.  

Scientific researches in this domain generally adopt a quantitative approach based on 
scientific expertise. These may, for instance, assess the amount of nutrients and underlying 
agriculture practice. 

In Burundi, international development programmes are promoting Integrated Soil Fertility 
Management (ISFM). ISFM is defined as an organised set of practices for soil fertility 
management, which implies the use of chemical fertilisers in association with organic fertilisers 
and the use of improved seeds (Vanlauwe et al., 2010).     

Fertility degradation marks the consensus among the vast majority of scientific papers and 
development programmes. Meanwhile, farmers' ingenious practices to overcome this problem 
have not attracted much attention: they develop specific strategies to overcome constraints 
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and these strategies are suited to the local specific conditions.  Capitalising on the diversity of 
these practices and understanding their foundations, is an essential scientific exercise.  

This first case study analyses soil fertility management practices in smallholder farming 
through a systemic and comprehensive approach based on farmers' discourse. 

Methods 

We have conducted semi-structured interviews in three provinces in Burundi (Gitega, Cibitoke, 
Ngozi), characterised by different agroclimatic conditions. The in-depth interview process was 
guided by an outline of open-ended topics that cover a broad range of themes linked to soils’
fertility management. For this last topic and using snowball sampling (Pires, 2007), the names 
of other interesting actors were collected. The sample therefore constituted during data 
collection with the aim of maximising the diversity of structures and practices. The final sample 
was constituted of 23 farms. Through these interviews we aimed to: 

1. Identify the distribution of the biomass between different plots in a given farm, and
to try to understand the “how” and the “why” of such actions;

2. Identify the factors contributing indirectly to soil management: i.e., to understand
farmers' drivers and expectations.

The totality of the interviews was transcribed. To analyse it we coded the transcriptions with 
keywords using qualitative data analysis software (R software's RQDA package).  

The data resulting from the coding of the interviews was cross-referenced with those resulting 
from direct observation of plots. Hence, we have listed the fertility flows within an m x n matrix. 
Through a clustering by fuzzy logic method, a typology was created from the matrix, leading 
to identification of four groups of farmers/farming practices. Building upon these results we 
developed a resource management model, enriched by farmers’ justifications. 

Results 

Despite a relatively small sample, we observe diversity in fertilisation techniques (1) and in 
motives expressed by farmers to justify the latter (2). Resource management models illustrate 
this diversity (Figure 1).

The groups differ notably in the nature and origin of the utilised biomass. Farmers from groups 
I and III possess livestock and can thus benefit from animals' manuring; whereas farmers from 
groups II and IV receive only plant biomass.   

By letting small cattle graze outside the farm's limits and by importing leaves from surrounding 
forests, groups I and II mobilise external biomass. On the contrary, by conveying crops' 
residues to the livestock or to the compost, groups III and IV exploit only farm's internal 
biomass. 

Discourse analysis reveals that farmers' scope for intervention is narrow and directly 
determined by the limitation of three fundamental resources: natural environment, work force 
and liquidity. According to the farm's priorities, these three resources are allotted preferentially 
to certain activities. 
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The example of group IV illustrates this decision logic. The five farms have a surface area of 
less than 0.5 hectare and are located in Gitega, one of the least fertile zones of Burundi. In 
addition, farmers are compelled to work externally to meet their family's needs. In the face of 
these constraints, farmers from this group implement fertilisation techniques based on the 
primary role of banana plantation and the transfer of plant residues to the compost. 

“You need resources to buy livestock. I cannot afford it. So, what I do, I prefer to gather 
all the weed in the compost, I accumulate all the weed and once decomposed, I use 
them as fertiliser. That's all that we use here, at my place”  [4114]. 

Legend:  Green, red and blue arrows illustrate respectively cultures’ residues, manure and 
chemical flux. The thickness of the arrows depicts the importance of flux if resources are 
subject to different uses.   

Figure 1. Resources management models1

1 Icons used in the graphs created by Anand Prahlad, Francisca Muñoz Colina, Joel McKinney, Michael Zick 
Doherty, Adam Zubin, Lance Hancock, Liliane Lass Erbe, Ana Maria Lora Macias, Rhys de Dezsery, Agne 
Alesiute, Shawn Erderly, Ben Didier, James Fenton, Philip Glenn, Nastja Vivod, Francesco Cesqo Stefanini, 
Lucas fhñe, Luca Santomauro, Jose Morbàn, from Noun Project.

The example of group IV illustrates this decision logic. The five farms have a surface area of 
less than 0.5 hectare and are located in Gitega, one of the least fertile zones of Burundi. In 
addition, farmers are compelled to work externally to meet their family's needs. In the face of 
these constraints, farmers from this group implement fertilisation techniques based on the 
primary role of banana plantation and the transfer of plant residues to the compost. 

“You need resources to buy livestock. I cannot afford it. So, what I do, I prefer to gather 
all the weed in the compost, I accumulate all the weed and once decomposed, I use 
them as fertiliser. That's all that we use here, at my place”  [4114]. 

Legend:  Green, red and blue arrows illustrate respectively cultures’ residues, manure and 
chemical flux. The thickness of the arrows depicts the importance of flux if resources are 
subject to different uses.   

Figure 1. Resources management models1

1 Icons used in the graphs created by Anand Prahlad, Francisca Muñoz Colina, Joel McKinney, Michael Zick 
Doherty, Adam Zubin, Lance Hancock, Liliane Lass Erbe, Ana Maria Lora Macias, Rhys de Dezsery, Agne 
Alesiute, Shawn Erderly, Ben Didier, James Fenton, Philip Glenn, Nastja Vivod, Francesco Cesqo Stefanini, 
Lucas fhñe, Luca Santomauro, Jose Morbàn, from Noun Project.
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Moreover, farmers compost faeces and associated crops in order to make the most of the 
organic matter. 

“I use toilets' manure. We have to identify other means to ameliorate the fertility of our 
soils… If I use compost, I can harvest a few pans; but if I've used toilets' manure, I may 
harvest more than seven pans of beans. It's not the same thing” [4121]. 

“In fact, if I fertilise beans and corn, the banana tree can take advantage of it, and with 
its roots it draws up the elements that I have used for those two crops” [4114]. 

Facing a shortage of manure and limitation of financial resources and work force, farmers of 
this group resort sometimes to practices like chemical fertilisers and stubble burning; 
otherwise they would have themselves considered these practices as harmful to the 
conservation of soil fertility. 

“Last season I didn't have organic manure. I have put some chemical fertiliser to 
maximise yield; but considering the long-term effect, it's negative…. It's harmful for the 
fertility of soils”  [4119]. 

“I prefer not using burning (he refers to the burning of weed). However, when I get 
some work, I'm not here (he refers to his farm) to check what my spouse and children 
do. Them, they do burning even though it's not a recommended method”  [4119]. 

Farmers of group III differ from the other groups in terms of the means of production used.
They all possess big cattle (cows or pigs), bred in permanent stabling.  Besides, they draw 
substantially on chemical fertilisers, applied -in combination with organic fertilisers- to all crops 
except coffee. On the other hand, with the animals being kept indoors, farmers must dedicate 
more work and effort in order to harvest fodder, compost faeces and to spread the 
decomposed manure.  Thus, they use more inputs and fixed capital per hectare and can be 
labelled as capital-intensive and labour-intensive. Group III seems to be the most in tune with 
the agricultural modernisation paradigm, according to which intensification is defined as yield 
per surface unit through growth in work and soil productivity (Bonny, 2011).  

Lessons

In this case study, we adopted a systemic and comprehensive approach to mobilising social 
skills.  As an MSc student in agronomic sciences it was possible to break away from the 
technical logics to take into account the farmers' knowledge. This approach allowed us to 
demonstrate the diversity and the judicious nature of farmers' fertilisation techniques. In this 
way, far from ignoring the soil fertility dynamic and the capital importance of its retention, 
farmers implement their practices depending on constraints and circumstances. 

Diversity of practice nevertheless faces the homogeneity of expectations expressed by the 
farmers.  A stronger integration of cattle, single-crop farming and the utilisation of chemical 
fertilisers (in combination with organic soil-enriching agents) are the three wishes that appear 
almost systematically in farmers' discourse. These practices correspond to the technologies 
of the Integrated Management of Soil Fertility (IMSF, GIFS in French), currently proposed by 
development programmes. These tools are aimed mainly at intensifying agriculture and 
increasing its productivity. However, discourse analysis shows that the farmers' case is not 
limited to increasing production. They include other elements as well, like practical issues and 
notably the organisation of the work (distance, weight, etc.). The diversity of practices in a

1345



small farming system constitutes a real wealth for Burundi. It contributes to the overall 
resilience of production systems. However, the homogeneity of farmers' expectations 
questions the durability of traditional farming methods: farmers have always been innovating 
but with the new actors of development they learn to adapt their expectations to the supply of 
these actors.   

Case study on banana plant disease in Idjwi: PhD approach taking into account the 
complexity and the diversity 
This second case study illustrates the approach adopted by the first author as a PhD student 
in agronomy to implement actions for a lasting management of the banana disease by the 
farmers. This research-action started during PhD thesis work on the systemic analysis of 
innovation process in the banana-based cropping systems of the Great Lakes region.   

Genesis 

The Idjwi Island is located in the Kivu Lake between Rwanda and the Democratic Republic of 
the Congo in Congolese territory. It is a large island of 310 square kilometers with a high 
density of population: 160,000 inhabitants distributed in the North and the South of the island 
separated by a nature reserve (Figure 2a). The population is primarily rural and there is no 
motor-road on the island (Figure 2b). The island has been preserved from the regional conflicts 
taking place on the surrounding land of Kivu. The favourable tropical climate tempered by the 
altitude affords great food production, particularly in fruits such as bananas and pineapples. 
Idjwi is considered to be the granary of Bukavu and Goma, the capital cities of South and 
North Kivu, respectively.  

Figure 2. (a) Map of Idjwi territory; (b) View of the rural landscape of the island 
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Since the beginning of the 2000s, the banana plantations of a part of the Great Lakes region
of Africa – including Idjwi Island since 2004 – have been attacked by a destructive bacterial 
disease: the Banana Xanthomonas Wilt (BXW). The bacterium causes the loss of banana 
production by withering of leaves, early ripening of fruit and production of bacterial exudate. A 
technical solution for this disease (e.g. resistant banana plant varieties) doesn’t exist. The only 
precaution (measure of action) is the prevention of the disease in the banana plantation.  

The disease, and in turn the reduced production, has a dramatic impact for the farmers and 
islanders on food and nutrition, rural economy, household insurance, social exchange, 
ceremonies and agronomic aspects. We observed these damages during our first visit to Idjwi 
in February 2012. It was the last field trip to the Great Lakes before starting the redaction of
the PhD thesis (Idjwi was not in the study sites). The disease seemed epidemic since 2010 in 
the North and the South of the island. The farmers were bereft, without information about the 
disease or the way of management. Only the local centre for the rural promotion had some 
idea of the preventive practices to undertake.

Back in Bukavu2, we had planned, independently of the observation in Idjwi, a meeting with 
the research-action partners who had collaborated with us during the thesis process, for 
defining the possible further actions in link with the banana. During the meeting, one of the 
partners highlighted the BXW as the priority issue. The next day, we invited the other 
stakeholders around the table and we created the Cell of Coordination of the Actors in South 
Kivu for the management and the battle against BXW (C-aSK of BXW). The cell was divided 
into two working groups: the first was a kind of legal group with the objective of getting a by-
law for the declaration of the disease as an epidemic; the second group was technical and 
developed a framework of actions in three axes: (1) sensitisation, training and organisation; 
(2) transition; and (3) replantation and reconversion.

Back in Belgium, we saw the experts in plant disease and asked the mandated authorities (the 
Belgian Head office of the Overseas Development) about the actions in progress for this 
problematic. We discovered that some “survival funding” had been granted by Belgium and 
that the FAO3 was in charge of the operational working in the Great Lakes region.  Idjwi was 
not in the action-sites for the first round of financing but could be included in the second, nine 
months later.  Nine months was too long for us. We decided to initiate a diagnostic and 
exploratory survey in the Idjwi Island to complete the action framework and formulate the 
recommendations for actions. 

Three months later (time to identify some funding), we were in Idjwi with a team of six people 
and during a ten day period covered the entire island with our data collection. 

Methods and results 

The data collection on Idjwi was organised around three methods according to the six 
objectives of the diagnostic and exploratory survey (Figure 3): 

 136 GPS localisation points and determination of the category of infection in
each farm interviewed and with a systematic method for covering all the Administration
Divisions (AD) of the island;

2 The nearest town close to Idjwi in the Southern Kivu part of the continent.
3 The Food and Agriculture Organisation of the United Nations
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 Six focus groups in each AD with one representative of each village and the head of
the AD (12 to 18 people per group);

 36 individual interviews in each AD with 1 or 2 farmers in each category of infection
(healthy, early epidemic, epidemic, post-epidemic).

In 10 days, with six people and using these three methods, almost 20 types of outputs were 
produced for analysing the BXW situation and the consequences in Idjwi covering the three 
axis defined by the C-aSK of BXW in February 2012.  

The first assessment from the data about epidemiology proves the severe epidemiology status 
for the Idjwi territory: the vast majority of the island is at an epidemic level with 64 villages out 
of 66 visited where the disease is present. The importance of damage due to the disease is 
proportional to the multiplicity of banana functions in the everyday life of the population.

Figure 3. The three methods used to address the six objectives of the diagnostic and 
exploratory survey and the 19 types of outputs generated. The objectives and outputs 
are distinguished between the three axes of the actions framework defined by the 
C-aSK of BXW. (Legend: white - information for diagnosis axis; red - information for
sensitisation, training and organisation axis; orange - information for transition axis; green -
information for replantation and reconversion axis).

The main assessments after the survey in May 2012 were that (1) the farmers do not have the 
relevant information available and misunderstandings about the origins of the disease impair 
a good integration and implementation of the prevention and control measures. Reactions to 
the proposed practices are heterogeneous: some farmers display high motivation considering 
the massive impact of the disease, while others are daunted by the size of the challenge. In 
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some cases, the measures taken are inefficient when not fully and carefully implemented and 
as a consequence, farmers are reluctant to pursue the struggle. The different levels of reaction 
are also proportional to the state of the epidemics. The prevention and control measures 
generate an increase in the workload in systems that already are very labour intensive. All 
farmers are not equal in front of this workload increase. (2) For all actors, banana is a non-
substitutable crop in the system. A transition phase (quarantine) or a strategy of substitution 
implies a full appraisal of all the functions of banana in the agricultural, social and economic 
system. (3) Most of the farmers are the members of an association but these have no or very 
few activities in relation to banana cropping. 

 
We present here only general assessments but full and precise results (e.g sorting of banana 
varieties by use; description of symptoms by part of the banana plant by the farmers; listing of 
conditions for the replantation, etc.) will be available following this study4. 

This analysis entailed recommendations along the three axis of C-aSK of BXW having to take 
into account the adaption of measures according to the epidemiology level: (1) Appropriation 
of advice by the farmers is better when the conversation starts from their own conceptions and 
practices. Use the “extension in resonance” for initiating a reflex in the mind and the practices 
of the population; (2) Transition: Cassava, sweet potato and bean (grown by women) can be 
substitution options for the staple food role. Maize and legumes are possible to a lesser extent. 
Pineapple could be used for juice, beer and social aspects particularly in the South. Small 
businesses and husbandry are potential options for the economic dimension. Main 
requirements are a good provision of seeds and a real autonomy of farmers in their decision 
processes; and (3) Replantation of banana has to be thought through in close connection with 
farmers. Sanitary status of the new planting material and relevant varieties are the key issues. 
Local networks have to be built around the banana issue5. 

Actions 

The diagnostic and exploratory survey entails impacts at different levels of actions with various 
actors from the micro up to the macro level (see Figure 4 in last part of this article):  

 Signature of the by-law by the provincial government of DRC for the declaration of the 
disease as an epidemic; 

 Inclusion of our university (UCL) by the Belgian Head office of Overseas Development 
as an actor in the Special Fund (« survival funding ») and spreading of the FAO 
activities in Southern Kivu including Idjwi; 

 Set-up of production of healthy plant material by the collaboration of the Provincial 
Inspection of Agriculture and a Belgian NGO (Louvain Coopération);  

 Mobilisation of the Centre for the Rural Promotion in Idjwi: demonstration plot and 
broadcast on the local radio for the diffusion of information about the disease and the 
prevention practices; 

                                                      

4 See annex 1 of the report “Food security risks in the Great Lakes region – Rapid response to the threat of 
banana diseases”.  Baret, P., Van Damme, J. and Colin, J. Earth and Life Institute – Université catholique de 
Louvain. 
5 The recommendations are also multiple. See report “Phase-pilote de contribution à la lute et à la gestion du 
flétrissement bactérien du bananier (BXW) au Sud Kivu”. Van Damme, J. Earth and Life Institute – Université 
catholique de Louvain 
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 Collaboration with Kidogos6 and a local organisation for the multiplication of healthy
banana plants.

The implication of UCL into the FAO funding enabled us to continue actions on the axis of 
training for the population of the Idjwi Island with the application of the principle of “extension 
in resonance”. On the basis of the results of the diagnostic and exploratory survey of 2012, its 
updating in 2014 (outputs about report of farmers’ knowledge and questions) and the expertise 
of a phytopathologist, training for two groups (one in the North and one in the South of the 
island) of around thirty people of three types: “pilot farmers”, extension officer, and local
leaders/authorities are organised (training of potential future trainers). The training consisted
of a classroom part (with support for the trainer structured according to the main topics to be 
addressed for understanding and struggling with the disease; each topic including the 
questions and elements applied by farmers collected during the surveys) and a part in the 
fields. Four copies of this support guide have been left for the handover to potential trainers. 
A second fundamental part was provided in the fields for the observation and the 
demonstration of the information taught during the classroom part. A final part was provided 
for the agronomists: a diagnostic methodology for the disease with the use of detection kits.  

After this essential process of training, a collaboration with a local dynamic supported by a 
small Belgian association has been coordinated for an action in the last axis of the CaSK-
BXW framework: the replantation. As a first step, the trained people in the North and the South 
each teach more or less three others farmers who have taken part in the survey of 2012 and 
2014 as a priority. In a second step, in the South, a technique of rapid multiplication of healthy 
banana plants was experimented with using local materials. In 2015, 132 farmers have 
benefited from healthy banana plants coming from this scrupulous process including trained 
farmers and farmers having participated in exploratory and diagnostic surveys.

Lessons

Giving a sufficient overview of the genesis and the process of actions was important to 
understand the importance of working in a comprehensive way and thus increasing the 
likelihood of success and the sustainability for projects in ARD. In comparison, in another 
country also infected by the disease, a recurrent annual funding allows the massive distribution 
of banana plants. The varieties distributed are imported from research centres and considered 
as improved but they are not adapted to the practices of the farmers. Only two or three different 
varieties are provided while more than ten have multiplied in Idjwi with the consultation of local 
farmers and taking into account the local preferences. No information or training, either about 
the techniques for growing these imported plants or about the prevention practices against the 
disease, is provided with the distribution. In consequence, each year more than one million 
euros are spent on the distribution of new banana plants that even the farmers start to weary 
of as they do not give anything over the years.   

The case of the management of BXW in Idjwi Island has taken around 3.5 years since the 
observation of the first symptoms and the replantation of healthy banana plants. It will also 
take more than one year before consumption of bananas from this process by the households. 
In total a process of five years, yet accelerated by four key elements of success: (1) the 
knowledge gained of the banana-based cropping system by the timing at the end of the phase 

6 Non-profit-making organisation
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of data collection for the thesis about this; (2) the systemic (comprehensive) approach and the 
methodology used (co-construction of innovation) developed during the PhD process and 
proven by accident in Idjwi; (3) the network of efficient partners who met as the result of others 
research-action experiences during the PhD ; (4) the background of the phytopathologist. The 
process involved a succession of three essential steps: the rigorous technical diagnosis and 
the exploratory survey conducted in a comprehensive way; the training in resonance with 
actors; and only after that, the replantation in consultation with farmers and local 
infrastructures. 

A new role for researchers in ARD: the integrator researcher at the interface between 
the actors and the disciplines 
We tried to illustrate the importance of taking into account the diversity of practices and the 
complexity of the realities with the interactions between the elements of a system including 
the actors. The first case showed the diversity of soil management strategies implemented by 
farmers depending on constraints and circumstances. This diversity faces however the 
technological packages spread by the development programmes. The second case took place 
in a context where there weren’t technical solutions to diffuse like a resistant variety. The 
classical actors of research then were deprived of their usual tools (diffusion of a technical 
solution) and our comprehensive approach made it possible to get results.  
 
In these two study cases, the researchers have distinct positions (respectively MSc student 
and PhD). Nevertheless, they both adopted an approach allowing the systemic and 
participatory approach required for successful research-action.    

In this last section, we propose to gather the key-elements of the approach in a new role for 
the researcher in ARD: the integrator researcher.  

The interface of actors  

In ARD, the actors of the network of innovation are organised around three levels of decisions 
and actions: (I) the macro level with the national and international institutions of ARD - the 
governments and overseas development, the research centres and universities with the 
specialised scientists, the funding organisations, federations, associations and NGOs; (II) the 
micro level composed of the farmers and their representatives; and (III) the meso level, 
between the macro and micro levels, gathering all the actors whose mission is to diffuse from 
the macro to the micro level the technical and organisational propositions (innovations). This 
level includes decentralised authorities and agencies, local associations, NGOs, federations 
and cooperatives.  
 
In this model, the diffusion of innovation is top-down from the macro level to the micro level 
with a rapid diagnosis of the problems and a conception of the solution at the macro level with 
a large effort deployed by the actors of the meso level for the adoption of this solution. In our 
case studies, however, we devoted time to the observation and fine comprehension of the 
systems thanks to an original combination of tools resulting from agronomy and social 
sciences. During this stage, the issues and the capacities of the micro level are also identified 
and objectified by the researcher (at the meso level). Unlike a rapid diagnosis, this kind of 
rigorous analysis is able to facilitate the emergence and design of relevant innovation 
(technical, social, institutional, etc.).  
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On the basis of the exploration - in a transverse way through the levels of actors and through 
a geographical way with actors on the same level - the integrator researcher can compose 
(with the knowledge and the practices of the farmers identified at the micro level and with the 
technical and organisational proposals of the other actors of the network) innovations 
according to the needs and realities identified at the micro level.  

The interface of disciplines 

The actor at the meso level in ARD generally has the background required to challenge and 
consult the other actors of the network of innovations (at macro level). However, apprehending 
the micro level implies a set of methodological principles (from social tools) to define the 
problems, the propositions of solutions and the framework to evaluate its relevance (Cornwall 
et al., 2002). Among those, the most important is undoubtedly the capacity to enter into 
dialogue with the farmer and to help him to express the reasoned choices that it poses 
according to the constraints that he/she faces. These choices reflect indeed the strategies, 
more or less conscious and explicit, of adaptation of the farmers to the agro-ecological, socio-
economical and institutional conditions in the continuation of their objectives (Yung & Bosc, 
1999). 
 
In the case of Idjwi, we chose working with “technicians of rural development (TRD)” rather 
than the agronomist. Indeed, it is easier for TRD to learn the principles of plant pathology than 
for the agronomist to learn the comprehensive attitude for exchange of knowledge with the 
farmers. The education of the agronomists in developing countries of the Great Lakes region 
involves a very top-down approach. The acquisition of social skills as described above implies 
a re-education more complicated than a technical training for the TRD with a social 
background.  

Becoming an integrator 

To summarise (Figure 4), the actor-integrator takes on several functions. He/she is first an 
actor integrated into the system that he/she is analysing, and in which he/she also delivers 
inputs during all the process of knowledge construction. He/she is also a rapporteur (arrow 1) 
and translator (arrow 2) of the needs and challenges at the micro level towards the macro 
level to ensure these are fully taken into consideration. As an integrator, after the identification 
of the issue at the micro-level, the researcher can combine on the one hand the knowledge 
and the practices of farmers acquired (arrow 1) and on the other hand, the capacities and the 
technologies developed by the researchers (arrow 3). In reverse, he/she is also a rapporteur-
interpreter of the innovations (in the sense of technical, organisational, etc. propositions) from 
the whole of actors of the network of innovation (including farmers from other contexts) 
towards the actors of the micro level. So that the farmers can adapt and integrate those that 
are most appropriate to them (arrow 4).  
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Figure 4.  Scheme of the integrator researcher and its functions at the interface between 
the actors of micro and macro levels 

This new type of researcher at the interface of actors and discipline requires the acquisition of 
new skills notably from social sciences and a comprehensive approach (Ruault, 1996).
Without advocating that all the researchers must become integrators, these new competences 
and approaches should be included in the course for students in agronomy in order to give 
them the possibility of choosing their way without leaving gaps to be filled after their studies.  
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Theory-based innovation platform management. A contribution of sociology to 
agriculture research and development. 

Nicolay, G. L.

Research Institute of Organic Agriculture (FiBL)

Abstract: Farmers and peasants in the Global South are among the most vulnerable people 
and constitute the largest segment of their societies’ food insecurity. Farmers in the Global 
North are either costing a large amount of taxpayers’ money and or causing serious 
environmental threats. But is it fruitful to pinpoint the farm as the relevant system? Could it be 
a false problem? If so, which system should be at the centre of attention of science and 
practice in order to transform farms and livelihoods towards sustainability and resilience? In 
order to answer this question, we have to agree that farms are human fabrics, which have 
evolved in time and space within specific socio-ecological conditions. They are embedded 
within people’s communities and nations, and globally connected through markets. Human 
societies have become large and complex, but all of them depend on food in order to sustain 
their members. No state can afford hunger riots without being destabilised, neither can a state 
ignore threats caused by unhealthy food and ongoing environmental deterioration.  If this 
thinking is correct, then we have to deduct that societal parameters, combined with economic, 
agronomic and ecologic ones have to be considered in every design intending to transform 
such systems. This requires interdisciplinary teamwork and involvement of practitioners 
covering local to at least sub-national levels. But more importantly, a new understanding of 
the evolutionary nature of socio-ecological forms is required, which breaks with the artificial 
boundaries between nature and culture and considers concepts and ideas like  “life”, 
“conscious”, “memory”, “right”, “person” and “freedom” as truly scientific ones which can and 
shall be applied scientifically when dealing with food and agriculture. We propose therefore as 
a first prerequisite of implementing successful design methods a broader scientific concept of 
our object, which enlarges the scope for social and human sciences within the sector. 
Secondly, as the phenomena studied and treated are forms of life and unique creations in time 
and space, only locally knowledgeable stakeholders as part of the local society can solve the 
concrete problems with the eventual support of science and research. Beforehand, the 
stakeholders need to properly identify the real problems; a process which is often done too 
hastily and superficially. Innovation platforms are proposed as an innovative institution 
capable of managing these processes. The performance conditions of such platforms are 
discussed as being equally important as their structure. We should finally give up the hope to 
find easy top-down solutions and rather realise the value of the concerned people and 
institutions on each scale, but particularly at local society level.  

Keywords: Innovation platform, farming system, socio-ecology, systems theory, sociology, 
local society, district level agrifood systems, local actors, transformation 
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Introduction 
Social and technological transformations of farming systems happen on a continuous basis,
as they are embedded as processes within larger societal contexts. Our understanding of 
these processes thus depends on our theoretical or practical perceptions of history, society 
and economy. This narrative is proposing a theory based on sociology but crossing its borders 
in order to highlight the function and role of innovation platforms (IP) as a means to practically 
transform and adapt farming systems at sub-national level. We built the arguments on realities 
from Southern countries with a colonial history. Farming systems of this context are the first 
to experience the effect of globalisation.  

Food and agriculture are contentious issues in modern times. Globalisation and world markets 
are reshaping communities, nations, trade regimes, production technologies and human 
destinies all over the planet.  Rural poverty, weak states, hunger, deteriorating landscapes, 
depleted soils, diminished water tables, declining biodiversity and climate change pose grim 
pictures after over 60 years of development work at international level (IAASTD, 2009; 
Luhmann, 2004; Ziegler, 2011). Farmers and land labourers working on shrinking land 
resources have become the people most vulnerable to food insecurity in African societies. 
Their voices are politically marginalised and rarely heard by the state, thus farmers do not 
participate in technology development policy discussions. Agricultural technologies are 
dominated by multinational agro-industries that often control global market channels. 
Agricultural economics was dealing as a specialised discipline with the market and policy 
dimensions, mainly within national boundaries or covering specific value chains. Rural 
sociology, strongly developed in the USA and later in Europe, has covered mainly the societal 
conditions of farmers and rural populations since the early 20th century. Since about the 1980s,
environmental, social, political and cultural dimensions have multiplied the research 
complexity. Interdisciplinary and transdisciplinary research has grown rapidly since, but with 
unsatisfactory results (Alrøe & Noe, 2014) . The body of science itself has been divided since 
the 17th century into natural and moral or cultural sciences.  Natural sciences produced a huge 
body of knowledge, which was instrumental in shaping modern technology. It shaped modern 
civilization and was instrumental in a tremendous growth of material wealth.   Moral, cultural, 
social and historical sciences dealing with food and agriculture lacked the prestige and where 
never able to provide an effective body of scientific knowledge.  

Nowadays it is a less contested fact that both agriculture, food systems and rural development 
as well as science are co-produced by humans and their societies (Nicolay, 2016). Our 
agricultural and food systems are shaped by scientific and technological development of the 
last 200 to 500 years. Commodity chains (like cotton, cacao, palm oil, tea, meat), established 
for the global market, have formed rural areas by technology innovation in plantations and 
worker migration attracted by fabrics and urbanism. The wealth created with industrialisation 
has contributed to an explosion of scientific workers, disciplines and journals. For some years 
the majority of people have lived in urban settings, in both industrialised and so-called 
developing countries. Farming systems research, trying to cope with this new dynamic, grew 
up in the 1970’s, partly as a response to the failure of conventional positivist and reductionist 
research to address the agricultural problems and livelihood strategies of small farmers,
mainly in the least developed countries. Hunger in the global society appeared as a scandal 
and required answers and responses from the agriculturalists. The farming system was trying 
to deal with complexity, sustainability and at the same time integrating natural and social 
sciences (Giller et al., 2011). However, the systems theory applied was limited to the farm 
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level. “Society at large”, including economy, politics and innumerable social systems and 
organisations, remains mainly ignored. Based on Luhmann (1995), we propose a theory of 
sociology adapted to the food and agriculture sector in order to fill the gap in our understanding 
and handling of the societal “factors and processes that shape and constrain farming systems”
(Nicolay, 2016). The Luhmannian system provides two advantages: it captures global society 
(national societies become sub-systems) and allows the systematic observation with its 
related environment at local level.  Compared with socio-ecological based methods (Kok et 
al., 2015), it provides factors from social systems within (global) society in order to explain 
farming transformation. By proposing a method including the full range of factors, from natural 
environment across farming system, technology and economics to society (including the 
human factor), we hope to provide a tool for researchers in the agriculture and food sector 
which is robust enough to strengthen the position of science in order to inform polices 
(Rasmussen et al., 2015). 

Demystification of innovation platforms 
Farmers are under social influence not only from actors of the agriculture sector, but also 
others outside it; therefore these key actors should be included by extension approaches, 
particularly local governments and rural dwellers  (Wauters & Mathijs, 2013). Ideally, all “key 
actors” influencing both adopters and non-adopters of a given area should constitute a 
platform in the form of an organisation in order to identify factors impeding and promoting an 
adoption or innovation. We then call this platform an IP or Innovation Platform. IPs are 
functional organisations with the potential to deal with factors going beyond the narrow 
boundaries of the agriculture sector and farming systems’ approach but reducing complexity 
and opening up new potential for creative solutions for the agriculture actors. The challenge 
from a practical point is to identify the “key actors”. The assumption is that an IP with the 
complete set of key actors (as individuals)  has a high probability of addressing the relevant 
“enabling environment” and reducing the risks that participatory technology development 
between farmers and researchers will fail after a certain period (Bennett & Cattle, 2013; Sterk 
et al., 2013). Here we believe that sociology can contribute by predicting the key actors in a 
given context within a country. This requires however sociological competency, which is rarely 
available within food and agriculture projects and programmes. Without a proper sociological 
understanding, i.e. conceptualising society and social systems as communication, the risk is 
high that the key factors will not emerge in the discussions and solutions developed. 
Sociological bottlenecks will persist and solutions elaborated hardly become effective. 

Why is it so hard to understand complex issues within society? Luhmann was of the opinion 
that a theory of society and therefore of global issues, including agriculture, economy, politics, 
ecological deterioration, climate change and social discrepancies, was blocked within the 
discipline of sociology through the distinctions made on national, cultural, regional and political 
notions (Luhmann, 1998)1. These distinctions can be seen as internal societal differences. He 
then proposed to conceive society as the enclosing social system with the capacity to observe. 
Through observation, the internal sub-systems are reproducing communication with 
communication, and operating as autopoietic systems. Society today has reached such a 

1 Luhmann’s last publication is used here for most explanations on his theory of society. It summarises a large 
body of publications over a span of 30 years.  For a shorter overview of the Luhmannian system see also 
Luhmann (1997).
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complexity that it can produce many self-descriptions of sub-systems, like food and agriculture, 
and observe observers of such sub-systems. If we accept this idea, then we have to renounce 
on only true descriptions (i.e. propositions that are objectively true independent of the 
perception of the observer) of our sector, food and agriculture, and discuss about the meaning 
of scientific propositions in given time and space bound contexts. We then have, instead of 
the objective truth, which can be recognised and authoritatively proclaimed, only temporal 
sequences of communications and evolutionary selections of convincing propositions within 
specific (social) boundaries. If the target of science is to find regularities in order to understand 
patterns and make predications, we have to identify and focus on systems rather than 
elements constituting these systems. This can lead to meaningful scientific knowledge helping 
to reduce complexity. 

Farming systems and agricultural operations as communication happen within society. The 
same can be said for communication related with food processing, retailing and consumption. 
Structures constituting the food and agriculture sector, like soil fertility management, farming 
households, sustainable livelihood systems, markets, value chains, transnational corporations, 
food policies, farmer movements, innovation platforms, agricultural colleges, food security 
conferences, yam systems or organic cotton systems, R4D2 programmes and even complex 
production systems like organic agriculture, can then be observed as differences of social 
systems.  Unfortunately, the concept used for “system” is still the classical one, understanding 
it as an object rather than a relation of system/environment. Luhmann believes that this fact is 
due to the European bias in putting people at the centre of the worldview, assuming that only 
people can observe and think (Luhmann, 1998). Value chain systems are understood as 
objects and they are approached as entities with related elements, treated as social variables. 
The environment is only seen as context and narratives are describing its function or non-
function3. The best we can expect from this object-based method is an infinite accumulation 
of empirical facts, but hardly any explanatory power. We can assume that this can be 
prevented, if sociology of agriculture does not perceive its “object” - the food and agriculture 
sector with its many elements - as an object, but rather as a system/environment difference, 
in which systems are autopoietic sets of communication. 

It was clear already from the beginning of the young science of sociology of agriculture, that 
“agriculture depends on the social, economic and political factors shaping it” (Buttel, 1990).  A
relatively simple way to visualise society or aspects of it are social network analyses (Brunori 
et al., 2013; Thuo et al., 2013). However, they cover only one dimension and might be too 
simplistic for our purposes. Innovation platforms (IP) have become a fashionable concept 
within agriculture for development, particularly in Africa (Sanyan et al., 2016; van Rooyen, 
2009).  In most cases, the members and topics of discussion within them are not guided by 
social theory but rather by the interests of the initiators of the IP, which reduces their lifespan 
and effectiveness. We have worked for years with the concept of learning circles including 
farmers, researchers and extensionists (Nicolay et al., 2014). We consider them as equivalent 
to the concept of IP. Another concept used is Rural Resource Centre or RRC, understood as 
community-based centres used as venues for training and demonstration of new practices 
which function as a hub for stakeholders interactions (Bertin et al.,2014). This concept comes 
close to the Farmer Field School (FFS) promoted and used for a long time by FAO (EA, 2010). 
In contexts where adoption is at the centre rather than innovation, management areas or 

2 Research for Development
3 See for example (Carolan, 2012)
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bodies are used as a concept (Eakin et al., 2015). In both cases, institutional context, social 
capital and individual capacities are key variables. All these forms are in principle equivalents 
of IPs. 

We consider that innovation platforms constitute a special form of social systems, i.e. 
organisations. Innovation platforms (IP) are networks or simple social systems with the 
purpose of solving their members’ problems through concrete and systematic communication 
(and nothing else than communication) in order to produce or construct desired innovation. 
The platform adopts innovation as a systemic and dynamic institutional or social learning 
process and recognises that innovation can emerge from many sources (science, practice, 
indigenous knowledge or elsewhere), complex interactions and knowledge flows. It comprises 
the information and understanding of stakeholders and collaborators of diverse societal 
(economic, media, social, politics etc.) actors as members, and the organisations that govern 
their behaviour, all working towards a common objective and a transparent interest. IPs have 
become a common tool and concept in development in order to facilitate the innovation 
process (Adekunle & Fatunbi, 2012; Mapfumo et al., 2014; Misiko, 2014; WB, 2012).
Experiences with IPs are both positive (Dror et al., 2015; Nicolay, 2014; Posthumus, 2014) 
and critical (Dabire, 2014). Conceived with the proposed sociological method, IPs provide a 
logical advancement of the farming system perspective and have the promise to support 
sustainability transitions in food and agriculture. 

Embedding the IP simultaneously in the function systems of global society and its 
“local society”
We propose to read the “object” social system or society including its natural environment as 
a text, which has been constructed by many actors and actor-networks, and narrated by them 
to different audiences in various social systems and contexts and social fields. Only in a 
specific local space and time can it be realistic to understand and “predict” meaningful 
phenomena and possible changes with more probabilistic accuracy (Lamine, 2015; Nicolay, 
2016). We might call this a territorial agrifood systems’ perspective. It is obvious that apart 
from institutional factors, cultural aspects4 are included in such analyses (Kolawole, 2013) as 
well as multi-level perspectives, including the niche-innovation and the indigenous regime, as 
well as the exogenous context of the socio-technical landscape (Geels, 2011). The theoretical 
base is deducted through a “triangulation” of four theories and concepts (Nicolay, 2013):
Luhmann’s social system theory (Luhmann, 1998), Bourdieu’s (1994) concept of the capitals, 
Latour’s concept of actor-networks (Latour, 2005) and Wittgenstein’s language game concept 
(Wittgenstein, 2010 (1953)). The complexity of today’s food and agriculture systems require 
adequate tools in order to observe and understand them meaningfully. We use here the term 
“local societies” in a pragmatic way, going beyond the sociological meaning of social system 
(just communication), but including relevant “elements” for our purpose like infrastructure, 
people and land5. Our world and society is highly segmented, differentiated and globalised. 
However, people live locally, act mainly locally and perform their lives in social patterns, which 
can be unveiled by local people, journalists, artists, politicians, entrepreneurs and scientists 
just to name some prominent actors in our context. The same is true for our “object” of interest,

4 In the logic of systems theory:  this means memory
5 To note that the differentiation process of society –particularly in the Global South- is less advanced at local 
level, leading to divergent paths of development. Our method is therefore limiting the Luhmannian system only at 
national to global level. But the global level impacts every local level on earth. This is reflected in Table 1.
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society/social system within the context of food and agriculture. We hypothesise that every 
“local society” can be characterised in a meaningful and holistic way by a set of 14 parameters 
and 82 variables as listed in Table 1. Seven function systems are proposed as highly relevant 
for the food and agriculture sector: Economy, Politics, Law, Civil Society, Culture, Mass media 
and Science. 

Table 1. List of parameters and variables characterising a “local society” at sub-national level 

Parameter 
Variable  

Demography Pop’n density Structure 

Infrastructure Health Roads Schools Water Electricity Credit Processing 

Human capital Age Health Knowledge Dignity 
Food 
Security Family Migration 

Economic 
capital Legal Property Ag. Markets Investments Farm Type 

Tech. 
Devel’ment Poverty 

Financial 
capital 

% HH with 
cred. Access 

Incomes 
(HH, other) 

Social capital Customs Trust 
Education 
Status Networks Cities Clans 

Organisa-
tions 

Cultural 
capital Languages Values Norms Innovations Myths Ritual 

Collect. 
Memory 

Symbolic 
capital Influence Rights Territoriality Governance 

Economyf Ag Sector Industry Services Land Market Production 
Consump-
tion Land 

Politicsf 
Coherent ag. 
policy 

Coh’nt. rural 
dev. policy Security Leadership 

Lawf 
Property 
Rights Land Laws 

Human 
Rights 

 Labour 
Rights 

Customary 
Law 

Civil Societyf 
Local 
Communities Tribes Age Groups CBO NGO 

Move-
ments Gender 

Culturef Languages 
Custom and 
Habits Education Art 

Collective 
Stories Religion 

Mass mediaf Radio Access TV Access 
Mobile 
Phones Acc 

Internet/ 
Soc.Media 

Press 
Access 

Word-Of-
Mouth 

Research/ 
Sciencef 

Ag. and Social 
Sciences 

Ag. 
Research Innovations 

Higher 
Education 

Farmer 
Research 

f stands for function system (see Luhmann 1995). The highlighted fields are considered key variables in the case of the Machanga 
society survey (Kenya, December 2015) 

We complement these function systems with the concept and six different forms of capital 
(human, economic, financial, social, cultural and symbolic) and with the main forms of 
infrastructure. Each of the 14 parameters is defined by a set of variables, whereby the majority 
are latent (hence they are further defined by indicators). Now each IP is situated within such 
“local societies”, which are not concepts or models but real6.  The main task is to identify the 
critical variables with respect to the adoption process, respecting the interests of the IP 
members. Only by addressing them, can sustainable solutions be found and transformation 

6 For more details see Nicolay (2015) on ResearchGate
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succeed. The seven function systems7 are by “nature” global, but in most cases with outreach 
up to local level. Empirically, in each concrete local society we will find a unique constellation 
of these phenomena, depending on how we make the distinctions (Spencer-Brown, 1972). 
More decisive is the choice of these seven function systems, particularly the contested ones: 
laws, politics, culture and science. We can hypothesise their existence and even their 
influence on the food and agriculture sector. It is Important to be aware that they are always 
influenced by a global dimension.  

The six forms of capital are less abstract and can be treated as local or national. They are 
somehow complementary to the globalised function system and include the human factor8. 
Let’s take for example the variable “custom”. In the social capital form, we can focus our 
observation on the most striking forms of custom, which we hypothesise affect the sector. 
Here we base our assessment on qualitative and quantitative surveys. The results will provide 
probabilistic propositions on the specific influence of each identified custom. On the other side, 
looking at “customs” from the function system perspective, we always need to reflect the global 
aspect of it; respectively we need to observe customs which may have their origin outside the 
locality. Another example are the variables “influence” and “rights” from the symbolic capital 
parameter. They differ mainly from the “property rights” (Law) and “leadership” (Politics) 
variables through the nature of the perspective, whereby the capitals include the human factor.   

The “local society profiling”, defined as capturing its main features, is best done by a team of 
trained sociologists or social scientists; conducting a sort of peer assessment. A team can do 
the profiling in 2-3 days, if available literature and statistical data is collected beforehand. This 
team will highlight only the critical variables and parameters and explain them in a report 
written for non-sociologists. This pragmatic method seems more convenient than conducting 
a costly (in time and finances) survey of over 300 households in order to get a representative 
picture of previously elaborated assumptions. The outcome, a report on the societal factors 
impeding a given adoption by households or farming systems, will then be discussed within 
expert groups and the IP. The method of using the pre-defined matrix of parameters/variables 
reduces the subjective differences amongst the experts or peers and facilitates the dialogue 
and the mutual understanding. Our proposed focus on “local society” might be a neglected 
sphere of research, as it shows co-effects of the complexity of a globalised world society 
(Luhmann, 1998), but at the same time the specificities of its own territoriality, farming systems, 
culture and history. Considering that the large majority of people live and work at this scale, 
including and particularly farmers, land labourers, peasants and consumers, we should better 
understand this reality and social dynamic, but always in relation to the interest of our research. 
If not, the overwhelming complexity would make any trial of understanding futile. We have 
proposed a scientific method based on the concept of “local society” as an element of the 
global society in order to improve the performance of the IPs. However, understanding the 
context of the IP is just one of the requirements of a successful transformation. The other part 
is even more complex and beyond research: it is the management or performance of the IP 
process.  

                                                      
7 Each function system has to fulfill a specific function in society. More in Luhmann 1998 and 1995. 
8 To recall that humans constitute one form of the environment of society in the Luhmannian system. The other 
main form is ecology. 
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IP management and performance 
The purpose of the IP is to induce change, to install a new technology or innovation or to 
transform parts of the economy and society in order to solve specific problems or to achieve 
a targeted aim. It is not about producing knowledge, but it has to take a decisive step:  to 
perform a narrative, to act at a collective level in order to assure a socio-ecological 
transformation. The IP then is like a collective actor reaching out with its performance to a 
given audience (Alexander et al., 2006). This function of the IP is decisive and needs major 
attention once the IP is installed. The consciousness of its members and the clarity of the 
social boundaries (decide on tribe, clans, administrative unit etc.), internal rules (of the IP) and 
identities (symbols) become key factors of success. Moreover, here we leave the safe ground 
of science and are fully on the stage of development and (performing) action. It goes beyond 
management as the audience is always in the majority representing public interests9 and 
various organisations; food issues are in most cases public issues. It is therefore important to 
have at least one member and leader within the IP who is strong in performing, culturally 
competent and authentic within the audience. As our audience is in most cases within the 
range of a “local society” with eventually 10- to 100,000 people, the competency to reach out 
is key for the success of the IP. What counts at the end is the communication and performance 
of the needed transformation by the actors; it is not limited to the technical solutions proposed 
and its knowledge and information.  

The most important skill of an “IP facilitator” is to imagine the “local society” which embeds or 
“hosts” the IP and in which the adoption and transformation process is supposed to happen. 
This sociological imagination would be an asset in order to steer the process of the IP. Most 
important is to capture the various dimensions and function systems, which are important in 
the given process. It can be the visioning of shifting priorities, like economy>politics or then 
culture>mass media. The time dimension and the dynamics of the group discussions as well 
as of the surrounding “local societies10” need to be taken into account. If the empirical part, 
the previous observation of the local society has been done properly, the issues of the debates 
will in principle be easier to deal with. This requires both agricultural and sociological 
understanding of the “context” and skills by the facilitator and high social competency. This 
performing act is always related to intuition and is thus closer to art than to science. But as 
long as the foundation is based in scientific reflection and theory, the following discourses 
should allow transparent and fruitful dialogues. Fruitful because the situational and subjective 
dimension will break the artificial boundaries of scientific disciplines or practical routine. Sterile 
monologues and silo thinking can be minimised and the living phenomena, as they are at 
stake during the debates, discussions and performances, should be at the centre. Mega-topics 
like SDGs (sustainable development goals), gender and climate change thus have a better 
chance of being addressed as important cross-cutting issues. The IP facilitator needs support 
from various organisations with a solid status and influence in the “local society”; ideally 
universities and the Ministry of Agriculture are some of them. One element of the support is a 
shared vision on the current dynamics of both the sector and larger socio-economic 
development by the involved organisations and involved leaders. More universities should 
become active in developing joint curricula and research projects between agriculture and 
social science departments. In Kenya, the Kenyatta University (KU) has embarked on such a 

9 Like food security, justice, peace, sustainable development, fairness, soil and biodiversity preservation etc.
10 To note that we have to deal with many “local societies” within a nation, over 100,000 worldwide (according on 
how we draw the line or boundary), but only one (1) Global Society. 
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programme but will need more support in order to train MSc and other students in better 
integrating agronomics, economics, sociology and rural development.  

IP success requires therefore theory and practice, research and development, hard and soft,
written and oral skills. This may become a challenge if the moderation of the IP is under the 
responsibility of an organisation which is not encouraging managerial and action-performance 
but rather academic production. In order to induce (societal) change, science and research 
based knowledge needs translation and discussions within social groups and amongst real 
people in real settings. Books and manuals alone are just not enough. 

Conclusion and Outlook 
We propose as a first prerequisite of implementing successful design methods a broad and 
systemic scientific concept of society as our object, which enlarges the scope for social and 
human sciences within the sector. Secondly, as the phenomena studied and treated are forms 
of life and unique creations in time and space, only locally knowledgeable stakeholders can 
solve the concrete problems with the eventual support of science and research. Beforehand, 
the stakeholders need to properly identify the real problems; a process which is often done 
too hastily and superficially. Innovation platforms are proposed as an innovative institution 
capable of managing these processes. We recognise that the performance of the IP is as 
important as the internal processes in identifying solutions. This performance is more than 
communicating; it is changing the behaviour of the audience. We should finally give up the 
hope of finding easy top-down solutions and rather realise the value of the concerned people 
and institutions at each scale, but particularly at village to district level. A new understanding 
of the evolutionary nature of socio-ecological forms of agriculture and food systems is required, 
which breaks with the artificial boundaries between nature, humans and society and considers 
concepts and ideas like “thought”, “life”, “consciousness”, “memory11”, “right”, “person” and 
“freedom” as truly researchable ones, which can and should be applied scientifically. We 
propose with this method a list of parameters and variables to get as close as possible to 
capture these concepts, knowing that there will remain a difference between the method, its 
application and “reality”. However, we can make a significant improvement in capturing “reality” 
and facilitating transformation of agriculture and agrifood systems, if we succeed in integrating 
in our narratives and reports variables like dignity, trust, value, collective memory, human 
rights, art and religion. They all relate to food and agriculture in our time. 

We agree with Campbell (2015), that rather than being divided by theoretical differences, we 
have to agree on the political intent in order to achieve: greater food security; food justice; 
democratic control of supply, demand and resources; and sustainability and resilience. This 
proposed approach in  promoting IPs in a sociological intention might be close to the views of 
New Institutional Economics (Ménard, 2011), but it goes beyond the core issues of economics. 
At the end, the participants will realise that issues of food and agriculture are in fact issues of 
life, in which humans and society are included and interwoven with biological and 
psychological phenomena, always moving and never static (Bergson, 1911). The participatory 
nature of IPs embedded in a set of participating institutions like universities, state offices (like 
Ministry of Agriculture), farmer organisations, private sector actors and industry, and 
NGO/CBO can catalyse transformative processes in a systemic and sustainable way, at least 

11 Often called culture
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at local level. The current state of Modernity requires major changes in order to face the 
manifold challenges (Alexander, 2013). Agriculture is at a cross-roads (IAASTD, 2009); the 
future of sustainable farming, of our agricultural land, of the living conditions in rural and urban 
areas including the natural climate, of dignity and justice, of peace and civilization is open. 
The performance of agriculture, food systems and rural development will play an important 
role at both local/national and regional/global level. A more unified and coherent science, 
based on collective meaning and faith in the power of truth, is indispensable for mastering this 
cross-roads. We can collectively repair some of the damage done during the five centuries of 
Western imperialism. Sociology can provide explanations of the main strains of concern, but 
it can only become effective if integrated into the existing knowledge pool of agricultural 
scientists and practitioners. More research on the complex socio-ecological realities at local 
level and their relations with the function systems at global society level is required. 
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Workshop 2.6: Management of interdisciplinary research processes 
Convenors: Thomas Aenis and Bettina König  
 

Farming Systems Research is usually implementation-oriented; it intends to go beyond the 
pure generation of knowledge and bring concepts and results into practical use. More and 
more it is organised in the form of transdisciplinary research teams in which scientists of 
various disciplines, together with practitioners or stakeholders, try to jointly generate and 
implement solutions for complex real-world problems. Integration is a key issue on different 
levels: integration of members from science and practice in small teams, integration of 
concepts and theories to build up a joint understanding of the situation, coherent knowledge 
production and integration of results in order to create sustainable systems development. The 
workshop provided a forum for conceptual discussions and the exchange of experiences with 
a focus on methods and methodology: methods that support participatory planning of 
knowledge generation and integration, implementation, monitoring and evaluation; that 
facilitate effective and efficient team work and enable mutual learning processes amongst 
stakeholders from science and practice, and ways of organising interaction in the often large, 
geographically dispersed, disciplinary, hierarchical and culturally diverse teams. We thus 
invited concept papers on interdisciplinarity and transdisciplinarity management in Systems 
Research as well as case studies. The latter might show best practice, but we also encouraged 
submissions that showed failures and problems that led to a well-founded, better 
understanding of roles and functions to be fulfilled by the management in the light of current 
understandings on ID& TD management – based on the literature, funding bodies, partners 
involved and stakeholders. During the workshop we planned to identify and discuss cross-
cutting issues such as “integration” and “implementation”.  
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The role of sustainability assessment tools in enhancing dialogue and joint 
learning in transdisciplinary research on dairy farming 

de Olde, E.M, 1,2, Oudshoorn, F.W. 1,3 and Sørensen, C.A.G 1 

1 Aarhus University, Department of Engineering, Denmark 

2 Animal Production Systems Group, Wageningen University, the Netherlands 
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Abstract: Dairy farming is confronted with a wide range of environmental, economic and 
social challenges. To address these challenges, a transdisciplinary approach in which 
researchers and practitioners collaborate is needed. In the AUTOGRASSMILK project, 
researchers, farmers and farmers’ organisations collaborated to address current challenges 
in European dairy farming. By combining a scientific background with the practical context, 
the project aimed to develop and implement strategies and technologies to combine grazing 
and AMS in dairy farms appropriate to the different European regions. An indicator-based 
sustainability assessment tool was developed to assess the sustainability performance of 
dairy farms. Results from using the tool on 26 dairy farms in six European countries illustrated 
current economic challenges in dairy farming.  The collaborative development of the tool 
supported participants to engage in dialogue on what constitutes sustainable dairy farming. 
Developing the tool improved understanding of regional differences in dairy production, and 
challenges involved in defining generic strategies and policies to improve sustainability in dairy 
farming. The development of a sustainability assessment tool involves decisions on 
sustainability themes, indicators and reference values and brings forward differences in 
perspectives and values on sustainability. As such, the process of developing a sustainability 
assessment tool can enhance dialogue and learning in transdisciplinary projects. 

Keywords: Sustainability assessment tool, context specificity, automatic milking, international 
research collaboration, grazing, sustainability indicators

Introduction 
Dairy farming represents an important sector in the export of agricultural products from the 
European Union (EC, 2016). The sector is, however, confronted with a range of environmental,
economic and societal challenges. Livestock production is globally responsible for 18% of 
greenhouse gas emissions and contributes to biodiversity loss and competition for resources 
such as land, water and phosphorus (Steinfeld et al., 2006). The abolition of the milk quota in 
the EU in 2015 resulted in an increasingly globalised dairy market and caused economic 
challenges for dairy farmers such as uncertainty of prices and vulnerability (Jongeneel & van 
Berkum, 2015). Also societal concerns regarding animal welfare, the use of antibiotics, 
landscape quality and food safety need to be addressed (Lebacq et al., 2013; Dolman et al., 
2014). Sustainable dairy farming should therefore be more environmentally sound, 
economically viable and socially acceptable.  
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An increase in the use of automatic milking systems (AMS) and associated decrease in 
grazing, which is a trend across European dairy farms, has resulted in concerns regarding the 
sustainability impact (Van den Pol-van Dasselaar et al., 2008). Grazing is considered to 
enhance the natural behaviour of dairy cows, increase milk quality (Elgersma et al., 2006) and 
can have an economic benefit (Holshof et al., 2015; Oudshoorn et al., 2015). Combining 
grazing and AMS on-farm is challenging as it requires a high level of management of the herd 
and grassland, observation and infrastructure (Oudshoorn & Spörndly, 2013). Farms with 
large herds in particular are often confronted with long walking distances to the grassland 
resulting in a decrease in milk yield and higher labour demand (De Koning, 2010). Overcoming 
the tension between the requirements of AMS and grazing management could offer 
sustainable solutions, e.g. for animal health and welfare.  

Addressing these challenges requires a transdisciplinary approach in which cooperation 
between researchers and practitioners is established (Baumgärtner et al., 2008; Mobjörk, 
2010; Popa et al., 2015). In line with Baumgärtner et al. (2008) we define transdisciplinarity as 
an approach to “reach out beyond science and to include aspects of practical contexts and 
values or normative judgements (sustainability, good-practice), as well as to feed back results 
into practical actions (politics, management).” In the AUTOGRASSMILK project, researchers 
with different scientific backgrounds (i.e. economics, technology, nutrition, grassland 
management) collaborated with farmers’ organisations and farmers in six European countries 
to study the challenges involved in combining grazing and AMS on dairy farms. By combining 
a scientific background with the practical context, the project aimed to develop and implement 
strategies and technologies to combine grazing and AMS in dairy farms appropriate to the 
different European regions. As part of the project a sustainability assessment tool was 
developed to gain insight into the sustainability performance of dairy farms combining grazing 
and AMS. The outcomes of such a tool could support farmers in their decision making and in 
addressing sustainability challenges (Pope et al., 2004; Marchand et al., 2014). 

Sustainability assessment tools 
Over the past decades a wide range of indicator-based sustainability assessment tools have 
been developed to assess farm-level sustainability (Schader et al., 2014; Marchand et al., 
2014). Tools vary in their function, target group, geographical and thematic scope (Schader et 
al., 2014; Binder et al., 2010). Some tools focus on a specific agricultural sector (e.g. dairy 
(Meul et al., 2008) or poultry (Pottiez et al., 2012)) whereas other tools are more generic (FAO, 
2013; Gasso et al., 2015). Next to the assessment of a farm’s performance on a range of 
sustainability indicators, sustainability assessment tools can contribute to dissemination and 
learning on sustainability (Bell & Morse 2008). The adoption of sustainability assessment tools 
in practice is, however, limited (Triste et al., 2014). Possible reasons for the limited adoption 
include a mismatch between value judgements of tool developers and users on what is 
sustainable, as well as budget and time constraints, low user-friendliness and high complexity 
(de Olde et al., 2016b; De Mey et al., 2011). Involving stakeholders is considered as an 
important step to include different perspectives on sustainability, and can contribute to a sense 
of ownership and increase tool adoption (Triste et al., 2014; Bell & Morse 2008). In this paper, 
we describe the development of the sustainability assessment tool developed in the 
AUTOGRASSMILK project and reflect on its’ contribution to dialogue and learning in the 
project and in farming practice.  
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Development of the tool  
The AUTOGRASSMILK project (EU FP7)1 consisted of a consortium of 15 members and ran 
from 2013 to 2015. The members included six farmers’ organisations, six research institutes 
and two farmers and a project manager. The members were based in six countries: Belgium, 
Denmark, France, Ireland, The Netherlands and Sweden. At a later stage, researchers from 
Luxembourg joined the project. During consortium meetings, representatives of farmers’ 
organisations, farmers, and generally, multiple researchers from each research institute were 
present representing different disciplines. The project included five work packages including 
one on sustainability assessment. Tasks related to the sustainability assessment tool were 
organised through two parallel processes: data collection on monitor farms and the 
development of the tool (Figure 1).  

 

Figure 1. Steps in data collection and tool development in the AUTOGRASSMILK 
project 

In each country monitor farms were selected to collect data on various topics related to the 
project over a 2-year period (2013-2014). The farms were selected by the farmers’ 
organisations in cooperation with the research institutes, using criteria such as effective 
integration of grazing and AMS, data capture ability, previous association with recording 
techniques, foreseen stability of the farm management, and farmers’ interest. A total of 37 
dairy farms, including 11 organic farms, participated in the project (Table 1). The monitor farms 
were not representative of the country, because the project could not provide means for the 
amount of farms needed for representative monitoring. Basic characteristics, economics, 
mineral balance, social themes and labour registrations were gathered on dairy farms and to 
be used in different work packages. Registration schemes developed in the Dairyman project2 
formed an inspiration and were supplemented with registrations important for evaluation of 
automatic milking systems and grazing. The farm data was collected by the farmers’ 
organisations in each country. 

                                                      
1 http://autograssmilk.dk/  
2 http://www.interregdairyman.eu/en/dairyman.htm  
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Table 1. Monitor farms and their average characteristics per country. (Data are from 2013, 
except for data for Ireland which are from 2014. Country averages are derived from the 
European Commission (EC, 2014) and based on 2011).

Farms Organic
Dairy 
cows

Country 
average

Hectares
monitor 
farms

BE 3 0 99 56 91
DK 6 4 126 142 202
FR 6 0 79 53 174
IR 7 0 95 62 258
LU 4 1 59 53 181
NL 6 2 104 82 175
SE 5 4 121 62 117

To develop a state of the art sustainability assessment tool, a wide range of sustainability 
assessment tools were studied (de Olde et al., 2016b). Following the FAO framework for 
sustainability assessment of food and agriculture systems (SAFA) (FAO, 2013), four 
sustainability dimensions (economic, environmental, social and governance) were identified 
to be integrated in the sustainability assessment tool.  

The sustainability assessment tool was developed in five steps (Figure 1). During a meeting 
of the AUTOGRASSMILK consortium, all participants were asked to define four3 relevant
sustainability themes within each dimension. The lists of themes were grouped and resulted 
in a final list of 25 themes. Next, all participants were asked to distribute 100 points over the 
themes within each dimension to determine the weight (Table 2). The average weights of
nineteen participants are given in Table 2. To assess the performance on each theme, 50 
indicators were selected. Selection of indicators was based on literature, expert opinion and 
data availability. The selection was discussed in open dialogue during two consortium 
meetings. External experts were consulted to discuss the calculation of economic indicators. 
To calculate greenhouse gas emissions (GHG) an existing French tool (CAP2er 4 ) was 
selected. This tool is also used to calculate the impact on biodiversity.  

After selecting the indicators and calculation methods, reference values had to be defined. For 
each indicator, a reference value for poor sustainability performance (0 points) and good 
performance (100 points) had to be selected. Discussions with consortium members 
highlighted differences between countries on what is considered sustainable. In addition, data 
analysis of farm data from the monitoring farms demonstrated differences in dairy production 
systems between countries (e.g. grazing season, production costs and farm income). 
Researchers in each

3 Based on a pragmatic decision to keep the list of themes manageable. 
4 http://idele.fr/linstitut-de-lelevage/cap2er/  
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Table 2. Sustainability dimensions, themes and weights, and indicators. (The weights 
are the average weights given by 19 participants. Within each theme, indicators have an equal 
weight). 

Dimension Weight Theme Indicator
Environmental 31 Nutrients N Balance, per ha

P Balance, per ha
Efficiency N
Efficiency P

16 Biodiversity Number of different crops
Average paddock size
N Balance, per ha
Share of permanent grassland
Biodiversity score
Grazing intensity
Share of land under biodiversity 
scheme

13 Water Water costs per dairy cow
16 GHG GHG balance
23 Energy use Electricity costs per dairy cow

Fuel costs per ha of cultivated land
Economic 39 Farm profitability Farm Net Income per dairy cow

11 Variable costs per cow Variable costs per dairy cow
16 Stability in income Exposure to price fluctuations

Dependency on subsidies
14 Labour Total labour costs per kg milk

10 Investments Costs of invested capital per 100 kg 
FPCM
Costs of invested capital per labour 
unit (hour)

5 Production costs Production costs per kg milk
6 Debt Interest paid per kg milk

Social 18 Animal welfare Days outside
Health costs per cow
Replacement rate

19 Working hours Hours worked per week
Overworked

18 Work quality Physical hardness
Exposure to hazardous material
Atmosphere on farm

11 Image and participation Score governance aspect 1 to 3
PR

12 Farm continuity Expectancy next decade
Successor
Satisfaction with income level
Survival

14 Work - life balance Work life balance
Free Time
Holiday Days

7 Product Quality SCC average winter and summer
Grazing
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Governance 15 Relation and participation in  
community Regional acceptation

17 Corporate Social 
Responsibility Farm visits

17 Relation & cooperation 
farmers Relation to other farmers

26 Education and skilled staff Training days

14 Use of consultancy and 
advice

Use of advisory service (crops, 
dairy)

10 Diversification & openness 
farm Agri-environmental payments

Biogas and / or solar energy
Tourism

country were, therefore, asked to provide regional reference values for 27 indicators, to allow 
a context specific sustainability assessment (Appendix 1). This was considered a challenging 
and even arbitrary task by the researchers involved as defining what is poor and good 
sustainability performance is rather subjective, disputable and dependent on factors including 
context, knowledge, norms and values. To give some guidelines on how to define the 
references values, values of the worst 25% quantile and the best 25% quantile of farms in 
their country were used as a starting point. In Ireland, Sweden and Denmark farming 
organisations were actively involved in defining these reference values. In addition, legal 
standards and scientific literature was consulted to define reference values. The reference 
values show a wide diversity between countries on what is considered sustainable 
performance, as illustrated in Figure 2 and 3. What is considered good sustainability 
performance in one country can be considered poor sustainability performance in another 
(Figure 3). For 23 indicators, the reference values were fixed as there is a general 
understanding on what is considered good or bad for sustainability (e.g. having a successor 
or not, or having a good or poor relationship with neighbours).
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Figure 2. Country-specific reference values for a sustainable nitrogen balance per 
hectare. (Poor sustainability performance has a range from 150 to 300 kg N while the 
reference values for good sustainability performance range from -12 to 100 kg N per hectare).

Figure 3. Country-specific reference values for a sustainable Farm Net Income, in euro 
per dairy cow. (Poor sustainability performance has a range from € -1000 to 1000 while the 
reference values for good sustainability performance range from € 468 to 2200 per dairy cow).

Selected themes, indicators, weights and reference values were combined in an Excel-based 
tool to compute the sustainability performance of the monitor farms. The tool is available online 
at http://autograssmilk.dk/results/ under work package 3. By filling-in various Excel sheets, a
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farmer can calculate the sustainability performance of the farm. A farmer can select reference 
values of his or her country and compare it to reference values of other countries. In addition, 
a farmer can develop their own reference values or change the weights of themes in line with 
his or her perspective on sustainability.  

During the final AUTOGRASSMILK meeting, feedback on the tool was gathered. Overall, the 
tool was perceived as valuable to discuss sustainability at farm-level. In other words, it 
functions as a discussion-support tool. Integrating a wide range of sustainability themes into 
a tool to operationalise the concept of sustainability was perceived positively: “It is good to see 
how a difficult topic becomes more concrete.” Developing the tool highlighted differences 
between dairy production systems in the seven European countries as well as differences in 
what indicators are used and how they are measured. Especially differences between 
reference values showed the variation in what is considered sustainable. Several researchers 
involved in determining reference values expressed discomfort with giving weights to 
sustainability themes and defining what is good or bad for sustainability. One of the 
researchers stated “the numbers [eds. reference values] are relatively arbitrary.” Reference 
values were therefore an important topic of discussion during consortium meetings. 
Explanation of the selected reference values by the involved researchers and farming 
organisations, gave insight into differences in farming systems between the countries as well 
as differences in perceptions on sustainable practice. Another researcher stated: “The 
reference values on, for example, the number of days the cows are outside [eds. good 
performance is up to 300 days in France and 180 days in Sweden] make you aware of the 
differences in farming systems and the difficulty of defining generic policies on such topics”.

Tool outcomes 
Sustainability performance of monitor farms per country was calculated by entering the 
collected data of monitor farms in the tool and using the reference values per country. In this 
way the sustainability performance per country was calculated according to what experts in 
the countries had defined as sustainable. Figure 4 shows the average sustainability 
performance on four sustainability dimensions, based on 2013 data from monitor farms with 
complete datasets (n = 26). The performance on the economic dimension is lowest of all 
dimensions for all six countries. Figures 5 – 8 show sustainability performance at theme level. 

Figure 4. Average sustainability performance of monitor farms in each country based 
on country-specific reference values. (A high performance would receive 100 points and a 
poor sustainability performance 0 points. The number of monitor farms is mentioned together 
with the country).   
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Tool outcomes on environmental themes are given in Figure 5. Scores on greenhouse gas 
emissions and energy use vary most between countries whereas biodiversity scores relatively 
low in all countries.  

Figure 5. Average sustainability performance on environmental themes of monitor 
farms in each country based on country-specific reference values.  

The average performance of monitor farms on economic themes is given in Figure 6 and 
shows a large variation on all themes between countries. Even though most countries had 
accepted a negative Farm Net Income in their reference values, the 2013 results are poor. 
Farm profitability is low in all six countries ranging from 36 in Denmark to 0 in the Netherlands, 
Luxembourg and Sweden. A low farm profitability, high variable costs and high labour costs 
are important factors contributing to a low economic performance of monitor farms in 
Luxembourg, as observed in Figure 4.  

Figure 6. Average sustainability performance on economic themes of monitor farms in 
each country based on country-specific reference values.  

On the social dimension, scores on the theme ‘working hours’ were low in most countries due 
to a relatively high number of hours worked per week and a self-evaluation on the indicator 
overworked. Total evaluation on the social dimension scores was positive, although with 
variation between the countries (Figure 7). Scores on animal welfare based on the average 
score on three indicators (days outside, health costs and replacement rate) shows the highest 
variation between countries.  

0

20

40

60

80

100

Belgium Denmark France The
Netherlands

Luxembourg Sweden

Nutrients

Biodiversity

Water

GHG

Energy use

0
20
40
60
80

100
Farm profitability

Variable costs per cow

Stability in income - Resilience

Labour

Investments

Production costs per kg milk

Debt

1379



Figure 7. Average sustainability performance on social themes of monitor farms in each
country based on country-specific reference values.  

Governance themes show a relatively high performance and less variation between countries. 
This can be related to the use of fixed reference values in governance related indicators, 
instead of country-specific reference values. Scores on the theme ‘diversification and 
openness of the farm’ varies most between countries. 

Figure 8. Average sustainability performance on governance themes of monitor farms 
in each country based on country-specific reference values.  

Discussion and Conclusion 
The tool outcomes give insight into the strengths and weaknesses in the sustainability 
performance of monitor farms in six European countries. In line with current developments in 
the dairy sector, the tool shows that economy presents a major sustainability challenge in dairy 
farming, even though reference values vary largely between countries. Although the outcomes 
presented are computed on expert-based reference values, a farmer can also define his own 
weights and reference values in the tool. This allows a context-specific tool and involves the 
values and perspectives of the user, which is considered important for the implementation of 
assessment results (de Olde et al., 2016b; Gasso et al., 2015; Gasparatos & Scolobig, 2012).
The tool presents a framework of sustainability themes and indicators in which the user can 
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try out different options and learn more about the differences between countries. The tool can 
thereby contribute to farmer’ awareness and learning on what sustainability at farm-level 
entails (i.e. themes and indicators), differences between seven European countries (i.e. 
reference values) and how sustainability assessment tools work and can contribute to 
decision-making at farm-level. This is, however, a potential contribution to learning which is 
highly dependent on the adoption of the tool in practice. So far, learning and dialogue mainly 
took place within the project.  

The development of a tool has been valuable in the AUTOGRASSMILK project to support 
discussions among consortium members on sustainable development in dairy farming. More 
specifically, by developing a tool we discussed what are relevant sustainability themes, 
indicators and calculation methods. These discussions gave insight into different traditions, 
perspectives and value judgements between countries and disciplines on what is important in 
sustainable dairy farming. Through these discussions consortium members learned more 
about: 1) strengths and weaknesses of sustainability assessment tools; 2) the selection of 
sustainability themes, indicators and reference values; and 3) differences between dairy 
farming systems. In the selection of sustainability themes, for example, we introduced the 
relatively new dimension “governance” (in line with SAFA (FAO, 2013)), which we first 
explained before the consortium members defined relevant themes within this dimension. We 
discussed the role of governance related themes in dairy farming (e.g. participation, 
management plans and audits) and the difference to the social dimension. Another example 
of learning relates to the differences in reference values which made the consortium members 
aware of differences between farming systems (e.g. on days outside as mentioned previously). 

The development of the tool integrated different perspectives on relevant sustainability themes 
from all projects participants (i.e. researchers, farmers’ organisations and farmers). Decisions 
on indicators, calculation procedures and reference values were, however, made in a more 
top-down approach by the researchers and/or farmers organisations involved. During 
consortium meetings we discussed the decisions made with all participants to ensure 
understanding and acceptance of our approach. The tool, nevertheless, echoes the frame of 
reference (knowledge, values, norms, interest and convictions) of those involved in the project 
(Te Velde et al., 2002). As a result, the outcomes of the tool frame the sustainability 
performance of a farm according to what we as tool developers considered important 
(Gasparatos, 2010)5. Decisions made in the development of the tool (e.g. selection of themes, 
indicators, weights and reference values) therefore need to be transparent to the user of a 
sustainability assessment tool. Such transparency can contribute to the reliability and 
relevance of sustainability assessment tools (de Olde et al., 2016a).

Dealing with a plurality of values and perspectives lies at the core of transdisciplinary research 
(Popa et al., 2015). Developing a sustainability assessment tool requires dialogue between 
participants on e.g. what is sustainability, what are relevant themes, indicators and reference
values. Such dialogue gives insight into differences in the values, assumptions and priorities 
of participants and can enhance acceptance of diverse value judgements. Our experiences 
with developing a tool in the AUTOGRASSMILK project shows that the development of a 
sustainability assessment tool can support dialogue and learning about sustainability and can 
contribute to addressing transdisciplinary challenges.  

5 This is also explained to the tool users and is the reason why we made the tool flexible (i.e. possibility to define 
your own reference values and change the weights).
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Managing transdisciplinarity: using the situation analysis approach for a joint 
problem framing 
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Abstract: Inter- and transdisciplinary sustainability research aims at generating knowledge to 
deal with regional and global problems like biodiversity loss. One challenge is the 
methodological design aligned with the project management fostering the cognitive and social 
integration of heterogeneous knowledge and actors. We argue that generating a joint 
understanding of the situation is a necessary precondition for successful knowledge 
production already in the starting phase. The research project ginkoo develops tools for the 
management of innovation processes for sustainable land use. It accompanies ongoing 
innovation processes in two case studies in the Berlin-Brandenburg-area in Germany. One 
characteristic of the ginkoo project is an intense collaboration with two organisations from the 
practitioners’ side, which develop innovations for sustainable land management. These project 
partners are the Biosphere Reserve Spreewald and the organic farmers’ association 
“Naturland Marktgesellschaft”. The article describes the transdisciplinary approach of the 
research project in its starting phase and discusses the approach with respect to methodology, 
project structure and management, applicability and consequences for the following inter- and 
transdisciplinary work. The project uses the situation analysis approach as developed by 
Clarke (2012) for a joint problem framing. A thorough process planning, coordination and 
documentation of the situation analysis made this approach transparent. The findings of the 
situation analysis capture the heterogeneity of the situation, including different social and 
discourse arenas and provide a holistic picture. It provides scientists with in depth insights and 
guided the reflection of practitioners. As a consequence, the situation analysis assured that 
the research approach is closely linked to real life problems. Further, it builds a base for 
disciplinary research approaches as well as the knowledge integration to come in the project. 

Keywords: Transdisciplinarity, situation analysis, common problem understanding, 
sustainable land management, poultry production, marginal wetlands, innovation 
management 
 

The transdisciplinary research design of the ginkoo project 
The project ginkoo deals with sustainability problems of land management from an innovation 
process research perspective. It asks how the management of innovation processes can be 
better organised by coordinating actors, such as network managers, regional managers etc. 
Thereby, it aims at the meso-level that links organisations and individuals in order to generate 
system solutions. In a pre-phase the project team had developed research questions and the 
project design in an inter- and transdisciplinary process in three steps1: first, practitioners 
suggested several ideas and innovative projects for sustainable land management and the 
mixed project team of scientists and practitioners chose two central case studies; second, the 
                                                      
1 This work was done in a pre-funded one year phase as part of the project application. 
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project team described problems and possible solutions for each case in detail; third, the 
project team formulated joint research questions and a transdisciplinary project concept 
(König et al. 2015).  

The first case study “Spreewald” is located in the Biosphere Reserve Spreewald South-East 
of Berlin, which is characterised by a typical cultural landscape with a lot of small streams, 
meadows and little villages with a very diverse park-like appearance and high biodiversity 
resulting from local grassland management practices. However, this site-specific management 
is no longer profitable for farmers due to changed regional water governance and is thus 
threatened by abandonment followed by succession. The maintenance of this cultural 
landscape therefore requires new forms of management and value added chains. Possible 
approaches under study are the use of biomass for small-scale thermal production, financing 
of landscape preservation measures, and involvement of the tourist sector to be linked with 
each other to a model solution.  

The second case study “Naturland” takes up the negative externalities resulting from large-
scale animal production entities. The Naturland Marktgesellschaft (a trading farmer 
association within the organic farmers’ association Naturland) initiated the regional initiative 
called “ei care” in 2011 together with a regional wholesaler and farmers. This initiative strives 
to establish a regional value chain for dual purpose chicken breeds on mixed farms with ethical 
organic production of meat and eggs. This requires new approaches to link limited production 
intensity with established value chain infrastructures and logistic routines. The case study 
explores possibilities for closer co-operation between farmers and consumers. 

The six scientific work packages of the ginkoo project cover socio-economic aspects that are 
relevant for the success of, but often are lacking due to a technology driven management of 
innovation processes 2 . The project develops, tests, and adopts model solutions for the 
practitioners’ innovations as socially robust solutions for sustainable land management. The 
ginkoo project chose a transdisciplinary research design in order to contextualise its research. 
Each scientific work package benefits from the transdisciplinary research design, as the 
research approach, methods and results can be contextualised, thus allowing delivery of 
connectivity of knowledge. The intense exchange with practitioners is facilitated by a new 
funding format, which is called ‘transdisciplinary innovation group’, funded by the German 
Ministry of Research and Education. Practitioners are funded as members of the project team 
and resources for the coordination, facilitation and reflection of the transdisciplinary process 
are provided.  

The paper describes our approach, results and experiences of methodologically guiding, 
creating and managing the cognitive and social integration in the starting phase of the 
transdisciplinary project ginkoo.  

 

Challenges for the starting phase of transdisciplinary research 
While a commonly shared definition of transdisciplinarity and a “theory of transdisciplinarity” 
are still lacking, some aspects of research practice have evolved as common ground. 
Transdisciplinary research aims at co-producing knowledge and at contextualising it in the real 

                                                      
2 The scientific work packages cover the topics ex-ante sustainability assessment, acceptance and participation, 
co-operation and governance, marketing, ex-ante innovation assessment and knowledge management. 
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world (Scholz et al., 2000; Jahn et al., 2012; Zscheischler & Rogga, 2015). It is especially 
relevant to deal with complex problems which are characterised by high uncertainty, complex 
interdependencies, different world views of stakeholders on the problem and no “true” or “false” 
solution (Fernandes & Simon 1999; Brown et al., 2010, Bergmann et al., 2012). Ideally, 
transdisciplinary research produces three types of knowledge: system knowledge, target 
knowledge and action knowledge (CASS/ ProClim, 1997; Hirsch Hadorn et al., 2008), equally 
addressing relevant societal and scientific questions (Jahn, 2008).  

Sustainable land management solutions typically need to address a meso-level between micro 
decisions of individuals and macro perspectives on sectors, nations etc. This calls for holistic 
or systemic approaches. Their development requires involving a diversity of elements, actors, 
differing interests and perspectives, and solution approaches (technological, social, products 
and services etc.). 

Integration can be seen as one of the most important challenges of transdisciplinary 
endeavours: due to its very nature, such a project has to cope with thematic as well as 
problem- or product-oriented integration of knowledge and social integration of scientists and 
practitioners (Bergmann et al., 2012; Scholz et al., 2000). Brinkmann et al. (2015, p. 68) state 
different transdisciplinary practices have evolved, yet a “best” solution has not yet been 
identified, also due to missing knowledge about processes and impacts. Zscheischler and 
Rogga (2015) identify a gap between ambitions, concepts and practices of transdisciplinary 
research in land use research. The practical insights of the authors and the literature (e.g. 
Kröger et al., 2012) indicate that often a common problem understanding as an outcome of a 
joint research process is not addressed explicitly in transdisciplinary processes, rather it 
evolves implicitly (or not at all).  

Defila et al. (2006) distinguish a starting phase after the project preparation phase. They 
attribute the following tasks to the management in the starting phase - to re-assess aim and 
scope of the research and harmonise it among each other, to initiate adaptations of budget 
and team if necessary, to link and to support joint research activities, to determine rules for 
exchange, to set the frame for the synthesis and commitment for implementation, to define 
the products, to develop team members’ capabilities, to support social team integration, to 
create commitment of external stakeholders, to develop a communication concept and create 
necessary infrastructure, to re-design project organisation and to start processes to assure 
quality (Defila et al., 2006).  

Against this background, amongst others, the ginkoo project faced four challenges for 
conceptualising and organising its starting phase. 

First, inter- and transdisciplinary problem understanding needs to be set up and guided 
methodologically. All involved persons bring in their individual and specific way of looking at 
the world, which has a strong influence on communication and cognitive integration in the 
transdisciplinary research team (Defila et al., 2015; Sarkki et al., 2013). We argue that these 
logics occurring as dichotomies of scientific and practical “expert” knowledge (Thompson-
Klein, 2014) have to be mutually understood and partly “overcome” by a common 
understanding to be able to facilitate integration of results in later stages. Bergmann and Jahn 
2008 (p. 92) point out that the starting phase should be designed in a way to be able to 
integrate and balance ‘‘contradicting normative scientific and political claims of importance 
and relevance’’. Only this sub-principle for creating a joint understanding “ensures that any 
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subsequent research task departs from this common reference point and, thus, contributes to 
the overarching project goal” (Lang et al., 2012, p.29). 

Second, the starting phase is a social forming process of an inter- and transdisciplinary team, 
which is - ideally - able and willing to bring together diverse expertise. Team building is a 
precondition for commitment to integration. Challenges to team building in transdisciplinary 
research can be due to e.g. an underrepresentation of relevant actor groups in the project 
team, conflicts on suitable frameworks and methods or discontinuous attendance (Defila et al., 
2006; Lang et al., 2012).  

Third, a common understanding and cognitive integration has to be achieved and a joint 
problem framing needs to be developed. We see joint problem understanding (and re-
definition) as part of the starting phase. Mogalle (2001) states that both practitioners as well 
as scientists need to participate in the respective other real-world in order to integrate the 
different perspectives. Joint understanding has to be generated within the project team as well 
as with regard to the studied object. 

Fourth, this requires a specific project management (Defila et al., 2006) that goes beyond 
purely administrative tasks and guides methodologically an inter- and transdisciplinary 
process towards a joint problem understanding. Practical, methodical and conceptual 
knowledge of the management of transdisciplinarity is, however, yet debated, so that 
integration for joint problem understanding has to be developed for each transdisciplinary 
cooperation context specifically (Jahn & Schuldt-Baumgart, 2013; Brinkmann, 2015; 
Bergmann et al., 2012).  

 

Achieving joint problem understanding in transdisciplinary research 
Joint understanding is crucial throughout the whole project (Bergmann et al., 2012). Up to now 
there has not been an established set of methods, which are regularly used to achieve joint 
problem understanding in transdisciplinary research teams. Bergmann et al. (2012) argue that 
there is not one “silver bullet”. Depending on the type of the problem and the actors involved 
different methods need to be applied. Inter-, trans- or disciplinary methods can be adapted to 
facilitate integration (Bergmann et al., 2012). The authors assign the screening of methods as 
one task to prepare and develop effective methods for integration.  

The challenge of all of these approaches is that in the starting phase of inter- and 
transdisciplinary research a practical decision on how to access the field has to be made. At 
the same time this decision should be reflected methodologically to prevent the 
transdisciplinary approach being viewed as “non-scientific”. 

Methodological considerations  
Given the aforementioned, the regular start of the ginkoo project (after the pre-phase) aimed 
at generating deeper insights into the reframing of the individual research perspectives context 
specific, a joint reframing and achieving a context specific refined common problem 
understanding. The project management screened the literature for suitable approaches, 
which would be open to involving all different perspectives in and on the situation 
(stakeholders and transdisciplinary team). From among these, actor analysis, network 
analysis, constellation analysis and situations analysis were considered in more detail. Criteria 
leading the approach and method selection were the theoretical foundation to later allow for 
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theory development, openness to different disciplinary approaches, differentiated analysis in 
the case studies, graphical representation to facilitate communication,  and openness to 
situation specific adaptation as well as suitability for inter- and transdisciplinarity. This requires 
that the method should be applicable in one-day workshops with non-trained participants and 
be open for different element types that might play a role in the situation. 

Against this background, the project management presented the idea to the team and the 
ginkoo project decided to adopt the situation analysis approach (Clarke 2012) for developing 
a common and holistic problem understanding as a base for its further research. It allowed us 
to organise a structured process both working in a deductive and inductive mode, thus 
avoiding a premature theoretical fixation that may predetermine a partial research approach. 
Clarke asks how the situation analysis could be used in inter- and transdisciplinary research 
contexts (Clarke, 2012, p. 275). 

The situation analysis approach was developed to generate an empirically rich sociological 
description of a situation based on an extension of grounded theory. Also, in Lewin’s extension 
cycle/ action research process, a situation analysis is an integral part. We used the situation 
analysis in the sense of what one could call a part of the transdisciplinary action research 
process. However, the situation analysis approach as described by Clarke (2012), does not 
depart from Lewin, but from Strauss’ Grounded Theory and Foucault. Besides actors and 
material elements it takes the important role of discourses and social arenas influencing 
decision-making and action into consideration. By doing so, situation analysis goes beyond 
the above-mentioned approaches, but was not explicitly developed for inter- and 
transdisciplinary processes. It involves graphical representations of the situation so that 
multiple perspectives of the actors within the situation can be made visible for the research 
team. The constructivist approach of the situation analysis should be seen as a tool box 
(Clarke, (2012) p. 275).  

Within ginkoo the situation analysis was used for starting the transdisciplinary research 
process, facilitating the team to find a common language. The approach allows building upon 
different knowledge domains such as scientific theories and practical expertise but also 
acknowledges that for diverse aspects of the problem framing different perspectives and 
research approaches are required. Reasons for choosing the situation analyses and adapting 
it for inter- and transdisciplinary research was (see Clarke (2012), p. 35ff.):  
 

 It provides a methodology which allows involvement of pre-existing knowledge but is 
also sensitive to the situation under research; 

 It addresses a meso-level (in our case studies partly overlapping value networks, 
touristic destinations, regions, regional knowledge networks, cultural landscape) where 
solutions for sustainable land management are developed and implemented, also 
involving discourses and social arenas as structural elements; 

 It visualises the situation with different maps, which facilitates communication about a 
complex ill-structured situation. Therefore, all members of the team and stakeholders 
are able to participate and their different knowledge can be included; 

 It potentially facilitates a common understanding and interpretation of the problems as 
a continuous process through a context specific transdisciplinary exchange in 
interviews, workshops, working groups etc; 
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 Through a stepwise inter- and transdisciplinary development, it can stimulate a 
reformulation and adaption of individual research designs and fosters a coordinated 
multi-site-research of interview teams, including different types of data (in our case: 
maps, visualised discusssion results, interviews, field notes etc.). 

 

Application of situation analysis in the ginkoo-project  
The situation analysis was applied in the starting phase of the project and conducted in five 
steps: 

1. The practitioner as project partner and the project management organised kick-off 
workshops with stakeholders interested in the innovation process at stake for each 
case study. The moderated workshop invited stakeholders to express their views on 
the problem and discuss them amongst each other as well as with the researchers. 
These workshops were documented and the minutes were provided to all participants;  

2. Each transdisciplinary workshop with stakeholders was followed by a project-internal 
transdisciplinary meeting to draw conclusions on the joint understanding and the re-
focusing of the research approaches. For each case study the team reframed and 
specified common research questions and narrowed down empirical topics for a joint 
research and tool development, thus specifying its research agenda in an intense 
exchange with the practical project partners; 

3. During and after the case study workshops actors for in-depth interviews could be 
identified. The project team planned a series of nearly 20 expert interviews for each 
case and prepared a common questionnaire and data management strategy. The 
interviews were conducted by teams of researchers, which increased not only the 
understanding of the problem from different perspectives, but also improved mutual 
interdisciplinary understanding and social team building. The practice partners 
coordinated the appointments of the interview partners and the different scientists; 

4. The practical partners organised excursions for both case studies providing deeper 
insights into the life world context. Regarding the researchers the excursions deepened 
their insights in another way than what could be achieved by exchanging ideas in 
meetings or asking questions in an expert interview. To experience the Spreewald 
landscape and to get to know chicken keeping in small-scale farms revealed the 
context of technical, organisational or economic questions and circumstances. But also 
practitioners benefitted from theoretically led questions from the scientists, which 
forced them to reflect on their daily routines in another way; 

5. Based on this empirical data, the situation in each case was mapped jointly by the 
team in two groups with regard to the research questions. The team discussed the two 
maps created for each case study in order to describe and visualise a common 
understanding. The project management provided an integrated situation analysis with 
maps visualising this joint problem understanding. These working papers build a 
common base for specific disciplinary research of the work packages. 

Reliability of the process was achieved by a joint design of interview questionnaires, data 
management rules and carrying out the interviews by at least two members of the project team. 
Interviews were only conducted on the basis of informed consent. The interviewees had the 
chance to validate the transcripts, and in some cases interviews were extended because new 
relevant aspects became obvious to the interviewees through the validation. The knowledge 
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gained via the joint situation analysis was documented in regular feedback rounds.  Interviews 
with the practical project partners on their learning effects were conducted by the coordination 
team after the completion of this phase. 

 

Results  
We present the results with regards to the four previously mentioned challenges of 
transdisciplinary research. 

Methodologically lead starting phase 
Applying the situation analysis in the transdisciplinary setting of the ginkoo project involved, 
after the selection of the approach, a process planning of the starting phase, moderation of 
transdisciplinary workshops, joint interview survey plan including data infrastructure and 
interviews within the interdisciplinary team, working groups, organisational meetings, 
coordination and organisation as well as a documentation of the process. The combination of 
different methods applied in a coordinated way with alternating individual, interdisciplinary and 
transdisciplinary process steps, provided both holistic and individually diverse insights to 
scientists and practitioners. These insights could not have been achieved only via interviews, 
because they only emerged through transdisciplinary discussions and interdisciplinary 
reflection. It was, for example, possible to identify joint knowledge needs through the exchange 
of individual problems and open questions in the Naturland case study. The general problem 
is perceived differently depending on the functions of the stakeholders. The transdisciplinary 
exchange made additional problems and perspectives visible in both case studies. In the 
Spreewald case study it drew attention to the influence of the history of cooperation and how 
other systems beyond the studied boundaries, (e.g. global markets, EU politics, and water and 
energy governance) are specifically impinging upon the focused regional land use problems.  

The benefit of this conceptual and methodological approach is made visible through the 
reframing of the problem description in both case studies. 

Social integration  
Conducting situation analysis contributed to social team building. Regular project meetings 
(workshops, working groups, meetings for organisational matters) and visits to practitioners 
(excursions, workshops, interviews) fostered trust building as a base for open discussions and 
constructive criticism within the project team. The five transdiciplinary workshops were 
professionally moderated which enhances trust in the process and established a culture for 
cooperation. Practical project partners used their reputation to involve additional stakeholders 
in the project and increased their participation in workshops, interviews and excursions. These 
measures improved the social relationship between researchers, project practitioners and 
stakeholders, which resulted amongst other things in open and frank expert interviews where 
the interviewees openly referred to problems and challenges. Vice versa, documented 
feedback after workshops shows that transdisciplinary debate also provided new insights for 
the project practitioners and stakeholders, because questions and composition of participants 
differed from established communication routines.  

Cognitive integration: change of problem perception 
For the practice partners, it became obvious and tangible how the different abstract research 
topics of innovation management were linked to their real life problems in developing their 
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model solutions. They realised that they were related to strategic discussions going on in their 
work environment. Practice partners used the scientific back-up in a two-step process. First, 
they used the research perspectives to frame their own work in a conceptual way, achieving 
an understanding of the big picture. Second, they could focus on the most important problems 
and crucial issues resulting from this big picture. For instance, it became clearer to practice 
partners in the Spreewald case study, which essential stakeholders had to get on board after 
the discussion on how and where a model solution should be implemented. These insights 
were fostered by the researchers’ continuous feedback during workshops, excursions or 
bilateral work meetings. In the case study Naturland it led to the eye-opening awareness that 
so far there is no direct communication to consumers and that this information gap has to be 
closed by one of the partners in the value chain. What is more, the collection and discussion 
of open questions led to the identification of knowledge needs and ways to operationalize 
closing these knowledge gaps. 

The process of situation analysis changed the perception of both sides. On the one hand, it 
guided the scientific reflection about the research topic, the reframing of the common problem 
understanding as well as the focusing and contextualising of disciplinary research of the work 
packages. The empirical focus of single work packages shifted, as is obvious from 
documentation of state of the art of work packages and documented feedback. For instance, 
the acceptance work package identified that not tourists but land owners and land users 
should be studied in detail regarding acceptance and participation in the Spreewald case study. 
On the other hand, the perspectives of practical partners changed during the process of joint 
problem understanding. In the Naturland case study the focus shifted from singular egg and 
meat marketing to integratively communicating both eggs and meat to consumers. In the 
Spreewald case study, the challenge to develop joint aims for cultural landscape preservation 
and development became tangible. The scientific framing of the real world cases shed new 
light on the innovation processes and stimulated reflection about the ideas and the design of 
the innovation processes. Thus, transdisciplinary discussions and the integration exercises 
provided new insights and ideas for practice partners. The main challenges of managing their 
specific innovation process and possible ways of dealing with them became clearer. These 
lessons learned occurred during communication with researchers at workshops and 
excursions. These opportunities were still there for the practical partners but also, for the 
stakeholders in the case studies, these occasions became a reference for jointly developed 
points of view. Practice partners regarded this transdisciplinary communication process as a 
valuable input to their work. Most issues that arose had economic implications and were 
directly linked to strategic discussions going on in their field of work. Based on the big picture 
practice partners could clearly communicate their understanding of the problem to their work 
environment and initiate problem-solving activities. Practice partners were empowered to deal 
with crucial issues and overarching problems in their daily practices. Moreover, researchers 
brought in their neutrality (at least with regard to the practical field) and could ask crucial 
questions and bring together stakeholders who would not had communicated with each other 
otherwise. 

Two examples will illustrate this change of perception: 

In the Spreewald case study, practitioners from the Biosphere Reserve have changed 
considerably the focus of their innovation about preserving and developing further a site-
specific and valuable cultural landscape. They started with a bunch of ideas, projects and 
measures such as an academy for the Spreewald, preservation measures for a highly specific 
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and traditional type of land use for small wetland patches in the preparatory phase. These 
ideas were vaguely linked via the very broad concept of cultural landscape at the beginning. 
Different actors were considered as possible partners for cooperation. The situation analysis 
served the practical partners as a search process using the concept of cultural landscapes as 
a boundary object. Scientific reframing of the problem and different but coordinated 
disciplinary and functional perspectives on the challenge to preserve cultural landscape 
helped to cristallise and prioritise overarching strategic goals and to reassemble projects, 
ideas, actor groups and financial means into a better aligned strategy. Even though many 
measures and ideas have been in the air since the beginning of the project they were checked, 
analysed and matched step by step during the situation analysis process. While the team had 
initially expected to work on communication and marketing of the innovative solutions, it 
became obvious that marketing should also play a role in establishing the missing links 
between agriculture and tourism in the Spreewald case study. The empirical data could be 
used to base the communication on potentially shared, but not explicitly communicated values.  

The main change in the perception of the problem of the innovation can be described as a 
reconfiguration of ideas, concepts, interests and projects by the whole project team. Currently, 
the quintessence of the innovation is the combination of a new technology using green waste 
from landscape preservation for small-scale thermal production with landscape preservation 
measures financed by the Regulations on Intervention under the Federal Nature Conservation 
Act. This obliges investors to compensate for environmentally harmful interventions and with 
private sponsoring for landscape preservation measures has the potential to involve tourism 
as a beneficiary of the cultural landscape.  

A telling example of how situation analysis changed perception in the Naturland case study 
about ethical poultry keeping is an initiative of a working group of the research team 
relaunching the website of the “ei care” initiative. In that case, designing the new website 
served as a boundary object for transdisciplinary exchange joining two very diverse ways of 
working and thinking. Both sides were not satisfied with the old homepage. The practitioners 
from the Naturland farmer cooperative considered the website predominantly as a marketing 
tool that was not effective and the researchers were not satisfied with the information about 
the innovative potential of keeping dual purpose chicken breeds.  

In five sessions over six months the working group relaunched the website completely. After 
the first sessions one practical partner was puzzled by how slowly the group worked because 
of very fundamental questions from the researchers. They asked for target groups and 
marketing strategies whereas the practitioners looked for pictures and texts for the website. 
During this cooperation the researchers explored the constraints of the Naturland farmer 
cooperative with regard to marketing. Even though the ei care initiative comes close to an 
ideal form of hen keeping in the eyes of the whole project team, the organic farmers’ 
organisation does not want to expose all the advantages of ei care in their marketing strategy 
because they are anxious to “blame” other organic hen producers who use e.g. specialised 
hybrid breeds with all the externalities linked with it. The working group was able to specify 
target groups and ways of addressing them via the website. The website could establish a link 
to logistic challenges arising from the problem of small quantities in that the dates and origins 
for fresh chicken meat are communicated to consumers. The practice partners stated that 
even though initially the questions of the researchers were very abstract, the practical value 
of the results cannot be overestimated. The identification of target groups and the explication 
of a vision is valuable for the ei care initiative even beyond the website. 
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By motivating the practitioners to formulate their key objectives and the specific qualities of 
the chicken-breeding project, both sides learnt. The practitioners went through a process of 
self-assurance through explication of implicit knowledge. The process enabled them to 
prioritise the most important messages and to agree on them. The working group formulated 
an explicit vision and mission of the ei care initiative. 

The continuous reflection of the problem framing and the analysis and interpretation of 
empirical data during the situation analysis changed the perception and the framing of the 
object of investigation. For the research team, the complexity of the specific situations and 
different expectations regarding possible contributions of the research project became obvious 
and somewhat more practically tangible. Implicit and tacit knowledge of practitioners e.g. on 
old-boys’-networks was made available for the research process. The identified discourses 
(e.g. on cultural landscape, ethical animal production) and social arenas and their (missing) 
interrelations (e.g. between tourism and agriculture in the Spreewald region) helped to identify 
the need for participation and establishment of new co-ordination mechanisms.  

Facilitation of integration by the project management  
This complex process and research design requires coordination and management structures 
that develop, facilitate, and coordinate it (e.g. process planning, moderation, joint interview 
survey plan including data infrastructure, documentation of the process). The project 
management continuously involved all partners to provide feedback from workshops and to 
decide consensually about process details. Consequently, methodologically led and joint 
process logic was visible for the entire team, providing orientation and allowing project 
ownership. During the starting phase, all members of the transdisciplinary team gave feedback 
that the coordination was useful to support their research and that the engagement of the 
practical project partners to support the field access was perceived very positively. This 
management structure successfully established the project in the world of science as well as 
in the everyday world of the practitioners. However, all project partners engaged beyond usual 
commitment in many exchange formats. In our opinion, it is an advantage that the knowledge 
integration was closely linked to the project management. After the first integration exercise, 
the project team re-formulated the aim and stated that it was ambitious to jointly create a 
special quality of the transdisciplinary process.  

 

Discussion and Conclusion 
This section discusses the effects of inter- and transdisciplinary process in the starting phase 
of the ginkoo project to derive an integrated situation understanding. It served as a jointly 
developed knowledge basis for disciplinary research strands of the work packages and 
allowed us to contextualise the research. For the project practitioners the transdisciplinary 
exchange allowed new insights for incremental improvements of the model solutions. It also 
partly helped to overcome the challenge of debates among scientists about the most suitable 
frameworks and methods (Lang et al., 2012), because it provides a theoretically “neutral” basis, 
upon which each framework and method can be set up and can contribute useful perspectives. 
The visualisation was a necessary step to generate a level the does not per se belong to 
science neither to practice partners, allowing communication at eye level. 

The transdisciplinary deliberation with a counterpart from a different field and logic of action 
changes the focus of the research. In disciplinary research there is a strong tendency to 
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deduce research questions from theoretical arguments and to delineate a focused, even 
narrow, research topic. Whereas the transdisciplinary perspective in ginkoo considered also 
a theoretical, conceptual and analytical research focus;  much more the production of 
contextualised knowledge that enables practitioners to establish the innovation successfully 
as would be the case in a research project without practitioners. It becomes obvious that 
project results not only need to be accepted in the realm of science (by peer review) but also 
in the practical world. This requires a twofold integration. On the one hand, all disciplinary work 
packages have to consider an interdisciplinary link-up in order to integrate their findings into a 
scientific consistent system solution. On the other hand, the work packages strive for a model 
solution to be implemented in the case studies and this requires pragmatic and socially robust 
tools and solutions. As a consequence, researchers in the work packages have to keep inter- 
and transdisciplinary connection (but also the resulting tension) for a very long time, probably 
until the end of the project. 

The project team feels responsible but also informed for producing socially robust model 
solutions; this attitude was fostered by insights into the challenges of the practitioners, social 
relationship, and mutual trust generated during the situation analysis. The practical partners 
on the other side also got an insight into the possibilities, but also the limitations of research, 
because resources cannot be changed during the project duration. To them also the great 
challenge for the researchers to develop an integrative approach for the scientific part became 
obvious. They stated that only personal interaction formats could enable the joint social and 
cognitive integration as achieved. In particular the moderation was perceived as very useful 
for a structured collaboration. 

The transdisciplinary exchange in working groups and the excursions provided the involved 
scientists with in depth insights as well as providing an opportunity for generating joint system 
knowledge, reflection and identification of entry points for incremental changes for 
practitioners (action knowledge). The direct interaction formats provided insights into 
differentiated normative assumptions, e.g. on past and future sustainable cultural landscape 
in the Spreewald case study (target knowledge). A thorough process planning, coordination 
and documentation of the situation analysis made this approach internally transparent and 
externally explicable. Although the starting phase might usually be perceived by stakeholders 
primarily as an intensive scientific exercise, our process was implemented in such a way that 
practical partners and stakeholders could participate in this early phase. All involved actors 
reported benefits from the transdisciplinary research process and reported implementation of 
incremental changes, e.g. packaging and labeling of fresh meat in the Naturland case study. 
For scientists as well as for practice partners it became obvious that the depth of 
understanding could not have been reached without resources for the practical partners, 
coordination and facilitation. Further, the overall objective of the project, to implement model 
solutions, would not be realistic without this type of funding. 

The mutual learning of practitioners and scientists as described here demonstrates that a 
transdisciplinary situation analysis differs from an interdisciplinary approach without framing 
out of the real life context. So we conclude that the inter- and transdisciplinary process applied 
to generate a joint situation analysis served to establish a good way to access the researched 
field.  

However, we consider our transdisciplinary way of implementing the situation analysis as very 
time consuming because of many meetings, documentation, joint planning of the research 
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process and reflection on it. This was only possible within this funding scheme, which provides 
necessary resources especially for the coordination and the practitioners.  
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transdisciplinary project of sustainable land use in North East Germany 
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Abstract: This paper draws on experiences of the inter- and transdisciplinary research project 
ELaN which has been carrying out various methods of knowledge integration throughout a 
five year research process. ELaN had the aim to develop innovative water and land use 
options in the North East of Germany. During the initial phase of the project, a joint problem 
formulation has been developed in several iterative loops with the method of constellation 
analysis. Further along in the process the results of the 14 sub projects were integrated in 
several synthesis products: an administrative manual with recommendations regarding the 
use of treated waste water; a decision support system for farmers that contains a variety of 
land use options depending on different groundwater levels; and scenarios of land use options 
depending on different framework conditions and governance recommendations for 
sustainable water and land use options. Additionally the main results of the project were 
summarised in 11 core statements. These synthesis products were discussed with the 
respective target groups to different extents. The paper provides in-depth empirical insights of 
applying a range of methods and whether they were more appropriate for integrating 
knowledge from different disciplines or to serve as boundary objects between science and 
practice. We analyse whether knowledge integration via the different synthesis products 
results in system, target or transformation knowledge. Furthermore we differentiate between 
consultative and participative transdisciplinarity, referring to the intensity of exchange with 
practitioners and processes of mutual learning. Finally, we refer to restrictive and favourable 
structural factors for successful knowledge integration. The paper concludes that a systematic 
design and management of knowledge integration processes is crucial but that the nature of 
the problem at stake, as well as political or societal windows of opportunity, are just as 
important for successful transdisciplinary research processes. 

Keywords: interdisciplinarity, transdisciplinarity, knowledge integration, system knowledge, 
target knowledge, transformation knowledge 
 

Introduction 
This paper draws on experiences of the inter- and transdisciplinary research project ELaN 
which has been carrying out various methods of knowledge integration throughout a five year 
research process. The aim of ELaN was to develop innovative water and land use options in 
the North East of Germany. After an introduction of the projects’ focus we describe a 
conceptual orientation for structuring the analysis of inter- and transdiciplinary research 
processes and detail the methods which were applied in ELaN. In the second section we 
elaborate on the experiences with inter- and transdisciplinary knowledge integration referring 
to the different synthesis products and give insights into favourable and restrictive structural 
conditions. In the final section results are discussed and conclusions drawn. 
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Inter- and transdisciplinary research in sustainable land management: the project ELaN 
Land use research exemplifies the challenges that have arisen from the sustainability 
paradigm. Land is central in human-nature interactions. Its functions such as land based 
production (food and non-food), space for recreation and the provision of ecosystem services 
are highly threatened by current trends such as climate change, globalisation, demographic 
changes and energy politics (Pérez-Soba et al.,, 2008; Zscheischler & Rogga, 2015). To be 
able to deal with such complex and uncertain problems an integrated socio-ecological systems 
perspective has gained importance in this field. This development reflects a more integrative 
understanding of land and soil as a limited resource and its diverse societal functions 
(Zscheischler & Rogga, 2015). 

ELaN1 is an example of a research project with an integrative perspective, combining two 
thematic areas which - so far - have rarely been dealt with together: water and nutrient 
management on the one side and land use on the other. One of the main strands of the project 
is the current German practice of discharging treated waste water into surface water with 
negative consequences of regional losses of water and nutrients as well as eutrophication of 
rivers and oceans. In ELaN, scientists from different disciplines have been investigating 
whether the use of treated waste water has the potential to serve as one element of 
sustainable water and land use management. A central question was to estimate the risks of 
applying treated waste water for the quality of the soil and the ground water. Parallel to 
exploring different options of water management, land use options which are adapted to 
different ground water levels have been analysed. These analyses were embedded in 
considering the current legal, institutional and political framework conditions with the objective 
to formulate recommendations for adapted governance measures. The potential of using 
treated waste water has been investigated at two sites in the North East of Germany: areas 
which were formerly used as sewage farms in the outskirts of Berlin and (degenerated) 
fenlands in rural areas of Brandenburg.  

ELaN comprised an interdisciplinary team of 12 institutional partners and approximately 40 
scientists from different disciplines e.g. from natural sciences like hydrology, soil science, and 
toxicology, engineering specialising in waste water management and social sciences such as  
sociology, political sciences and economics. It was structured in four thematic sub areas 
(water and nutrient flows, land use, socio-economic governance and knowledge integration) 
with altogether 14 sub projects and was coordinated by a team of five interdisciplinary 
scientists who represented the four sub areas. One of the 14 sub projects was responsible for 
supporting and reflecting inter- and transdisciplinary exchange throughout the whole research 
process. The authors of this article were responsible for this sub project2; the sub project 
leader was leading the sub area “knowledge integration” and was one of the members of the 
coordination team. 

Characteristics of inter- and transdisciplinary research 
Sustainability research usually demands an inter- and transdisciplinary research design which 
allows for integration of knowledge from different disciplines as well as experience from 
practice. It usually deals with `wicked´ problems, that is the existence of different stakes of 
actors involved as well as disputes (Mobjörk, 2010) over the problem’s relevancy and/or ways 

                                                      
1 ELaN was funded from 2011 to 2015 by the German Federal Ministry of Education and Research in the research 
programme “Sustainable Land Management“. More information: www.elan-bb.de 
2 The authors thank Dr. Melanie Kröger for her contribution to part of the analyses which are described in this paper.  
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to deal with it (Pohl & Hirsch Hadorn, 2008). Because of the diversity of perceptions, interests 
and visions for the issues at stake, problem analysis and the development of solutions usually 
require forms of participation and cooperation between scientific disciplines and actors from 
outside academia (Brandt et al., 2013; Zierhofer & Burger, 2007). By linking scientists and 
practitioners, and integrating the diverse perspectives, it is expected to gain more socially 
robust problem solutions (e.g., Lang et al., 2012; Scholz & Binder, 2011; Zierhofer & Burger, 
2007; Becker & Jahn, 2006). 

In the past decade various attempts were made to structure transdiciplinary research, to 
propose quality criteria, and to find a consistent set of methods for process management and 
the generation of satisfying results. According to Jahn et al. (2008), Pohl and Hirsch Hadorn 
(2008), Lang et al. (2012), and Brandt et al. (2013) an ideal-typical transdisciplinary process 
can be subdivided into three phases. The first phase consists of a collaborative problem 
framing, including identification and structuration of the life-world problem and the 
conceptualisation of a suitable methodological framework. The second phase strives for the 
co-creation of solution-oriented and transferable knowledge, while in the third phase the 
produced knowledge becomes integrated and finally applied.  

Additionally different knowledge types are differentiated in literature which point out the 
underlying motives and rationales for transdisciplinary research (see also CASS/ProClim, 
1997; Brand, 2000). According to Pohl and Hirsch Hadorn (2007), transdisciplinary research 
projects can be characterised by their research focus and respective generation of a) system 
knowledge, b) target knowledge, and c) transformation knowledge. System knowledge 
focuses on the causes and effects of life-world problems, social-ecological system interactions 
and dynamics as well as impact assessments of potential solutions from an analytical 
perspective (Becker & Jahn, 1999). CASS/ProClim (1997) speak of system knowledge as 
knowledge that generates insights about the current status quo of complex systems. Target 
knowledge, in contrast, addresses what kind of research objectives (as targets or desired 
future states) shall be defined, elaborates their societal foundations and ethical justifications, 
and identifies relevant socio-political discourses. From an operational perspective 
transformation knowledge provides solution-oriented, practical guidance and strategies for 
sound implementation of solutions. Transformation knowledge is thus knowledge about the 
way from the actual to the desired state. Even though these knowledge types differ in how 
they approach and structure life-world problems, they are largely interdependent. 

According to Mobjörk (2010) the degree and scope of collaboration can be used as 
categories for structuring transdisciplinary research. The extent and the degree of 
collaboration between actors within and outside academia can vary among research phases 
and between research approaches. On a conceptual level, Mobjörk (2010) distinguishes 
between participative and consultative research approaches. According to him `consulting´ 
refers to a limited involvement of societal actors who have the role of responding to problem 
descriptions and/or suggested solutions but are not actively involved in the knowledge 
production process. In contrast, participatory transdisciplinary research fully and equally 
integrates the knowledge of social actors outside academia with scientific knowledge. The 
distinction between consulting or participative approaches is based on the roles societal actors 
are assigned in a transdisciplinary approach. This is reflected in the intensity of the actors’ 
involvement which can be placed on a gradient, ranging from being solely informed on the one 
pole, for example by leaflets, exhibitions, or publications, to full integration into the co-design 
of a research process. Between these poles one finds a broad range of further functions for 
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participating actors, such as providing data, probing and feedback, planning and deciding, or 
implementing (e.g., Stauffacher et al., 2008).  

As a further conceptual category distinct types of outcomes can be differentiated. Mitchell et 
al. (2015) diagnosed outcomes as a blank spot in transdisciplinary research, being mainly 
concerned with process design and conduct so far. The authors distinguish between: a) the 
generation of relevant stocks and flows of knowledge, that is knowledge which moves between 
disciplines and theory and practice; b); outcomes of mutual and transformational learning by 
research participants to increase the likelihood of persistent change; and c) most far-reaching, 
a tangible improvement in the situation or field of inquiry (institutional or biophysical) as an 
outcome. The latter in particular requires a deeply reflexive practice from all actors involved. 
While the types of outcomes of situation, knowledge, and learning are distinguishable 
conceptually, in practice they are closely related and permeable (ibid).    

These categories will be used to characterise the different participation and knowledge 
integration processes in ELaN. 

Methods of inter- and transdisciplinary research in ELaN 
Throughout the project a broad range of practitioners in the field participated in various ways 
to take the diversity of perceptions, knowledge and needs in different policy and practice areas 
into account. The most intensive exchange took place with the advisory board which consisted 
of practitioners from relevant sectors such as water management, agriculture, nature 
protection, energy production and regional planning. Meetings with the advisory board were 
scheduled once or twice in the year for the discussion of important mile stones of the project 
such as the problem formulation and the design of scenarios, as well as drafts of the main end 
products (synthesis products). Besides these meetings, bilateral consultations with single 
members took place concerning more specific questions. Beyond the advisory board actors 
from responsible administration, regional planning, agriculture and associations in the field of 
water- and land management were included via interviews and target specific stakeholder 
workshops. Participation via the advisory board and larger workshops were planned and 
designed by the coordination team in close cooperation with the sub project which was 
responsible for inter- and transdisciplinary exchange. Smaller workshops targeted at 
exchange about one of the synthesis products were planned by one or several sub projects of 
the thematic sub areas, which were, again, supported by the sub project which was 
responsible for methods of inter- and transdisciplinary knowledge integration. Support was 
offered regarding the design of the workshop, the moderation and reporting of the results. 

Knowledge integration has been carried out in all phases of the ELaN project aiming for 
different integrative products. In the first phase of the project a participatory mapping and 
visualisation approach (constellation analysis) was used to generate a common problem 
understanding within the research team and between the participating scientists and regional 
practitioners3. This process, of a joint problem formulation was carried out in several 
iterative loops, giving all participating researchers several opportunities to contribute from their 
disciplinary perspective (one day workshop with the whole research group, possibility of 
commenting on drafts individually).  The knowledge of different stakeholders was integrated 

                                                      
3 Constellation Analysis is a method which was developed for inter- and transdisciplinary exchange (Schön et al., 
2007). It combines a visualisation of the relations between four types of elements (natural elements, technical 
elements, actors and systems of signs) with an analytical text. Details of applying constellation analysis in ELaN 
are described in Schäfer, M. et al., 2014 and Kröger et al., 2012. 
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via interviews, discussion in a workshop with 38 participants from different sectors and an 
advisory board meeting. The participants of the advisory board were also invited to comment 
on a draft of the problem formulation. The process was led by the sub project which was 
responsible for knowledge integration in ELaN (Kröger et al., 2012, Schäfer et al., 2014).  

Throughout the 2nd till the 5th year of the project the results of the disciplinary sub projects were 
integrated in several end products addressing different target groups (synthesis products). 
Interdisciplinary integration mostly took place in working groups with researchers from 
different sub projects. Depending on the envisioned end product these groups were meeting 
on a regular or a more spontaneous need oriented basis. All synthesis products were 
presented and discussed twice at the annual meeting of the whole project consortium. 
Additionally, the interdisciplinary coordination team, which met approximately every two 
months, kept track of the scope of the integrative end products, possible intersections and the 
respective deadlines. Transdisciplinary knowledge integration took place mainly via target 
specific workshops, consultation with single practitioners and the advisory board meetings.  

In the last phase of the project (5th year), the interdisciplinary coordination team started a 
process of formulating 11 core messages, trying to bring together the main results of the 
whole consortium. This integrative product was, again, accomplished in iterative loops, led by 
the coordination team and the sub project which was responsible for knowledge integration. A 
draft of the core statements was intensely discussed at a meeting of the whole project 
consortium. After re-formulation all participating scientists had the chance to comment on the 
2nd version. The core statements were also discussed in the last advisory board meeting. 

Table 1 gives an overview of the integrative products of ELaN, the designated target groups, 
the envisioned knowledge type, the degree of collaboration, the strived for types of outcome 
as well as the applied methods of transdisciplinary participation.  

The analysis of the inter- and transdisciplinary processes of mutual understanding is based 
on participatory observation methods and quantitative evaluation questionnaires as well as 
semi-structured interviews with consortium and advisory board members. All of the four 
consortium meetings have been observed, followed by a short evaluation via questionnaire 
after each meeting. Additionally the working group meetings which dealt with the development 
of scenarios and the Decision Support System (DSS) have been observed. In the last phase 
of the project all scientists were presented with a questionnaire which dealt with the quality of 
inter- and transdisciplinary exchange. Additionally, the scientists who were responsible for 
coordinating the development of the integrative end products were interviewed in the last 
phase of the project. Regarding transdisciplinarity, all of the five advisory board meetings have 
been analysed via participative observation and two advisory board members were 
interviewed. Further on, several target specific workshops, e.g. with farmers, the responsible 
actors for former sewage irrigated fields etc. were observed. These observations are 
accomplished by three face-to face test runs of the Decision Support System with farmers and 
representatives of organic associations and observation of one training course for about 15 
farmers.  
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Table 1. Overview of the synthesis products and conceptual categories for reflection 

Synthesis 
Product 

Target group Envisioned 
knowledge 

type 

Degree of 
collaboration 

Types of 
outcome 

Mode of Transdis-
ciplinary 
exchange 

Problem 
Formulation 

Researchers; 
Project 

stakeholders 

System 
knowledge 

Consultative; 
Giving 

feedback 

Flow of 
knowledge 

Interviews; 
Workshop; 

Feedback to draft 
Integrative end products for different target groups 

 
Scenarios 

 

Researchers; 
Regional 
planners; 

Land owners; 
Farmers; 

Administration   
(land; water) 

System 
knowledge; 

Target 
knowledge 

Participative; 
Providing data; 

Giving 
feedback 

Flow of 
knowledge; 

Mutual 
learning 

Advisory board 
Workshops 
(farmers, 

responsible actors 
for former sewage 

irrigated fields) 

Governance 
recommen-

dations 

Administration 
(land; water); 

Regional 
planners 

System 
knowledge; 

Target 
knowledge 

Consultative; 
Giving 

Feedback 

Flow of 
knowledge 

Advisory board; 
Feedback to draft 

 
Manual 

 

Administration   
(water) 

Water and soil 
associations 

System 
knowledge; 

Target 
knowledge 

Participative; 
Co-design; 

Giving 
feedback 

Flow of 
knowledge; 

Mutual 
learning 

Advisory board; 
Consultation for 
project design; 

Feedback to draft 
Decision 
Support 
System 

Land owners; 
Farmers; 

Agriculture 
consultants 

Transformation 
knowledge 

Consultative; 
Giving 

feedback 

Flow of 
knowledge; 
Aiming for 
‘change of 
situation’ 

Workshop with 
farmers; 

Usability tests 

Core 
Statements 

Researchers; 
Project 

stakeholders 

System 
knowledge; 

Target 
knowledge 

Consultative; 
Giving 

feedback 

Flow of 
knowledge; 

Mutual 
learning 

Workshop; 
Feedback to draft 

 

 

Analysis of inter- and transdisciplinary knowledge integration in ELaN  

Analysis of the quality of the inter- and transdisciplinary process  
In the following paragraphs the knowledge integration processes for each of the synthesis 
products are detailed and analysed. 

Joint problem formulation was an important step, especially for a common basic 
understanding within the project consortium. The evaluation of the one-day consortium 
meeting, where a draft of the problem formulation was discussed, showed that two thirds of 
the participating scientists agreed completely to the statement that visualisation with 
constellation analysis was helpful for their understanding of the overall context of ELaN and 
that the discussion supported them in getting to know the perspectives of the other sub 
projects better. The following quotes of participating scientists indicate that processes of 
mutual learning have to some extent taken place and that the discussions have contributed 
towards cognitive and social integration of the project team. “It was helpful to see all the 
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Synthesis 
Product 

Target group Envisioned 
knowledge 

type 

Degree of 
collaboration 

Types of 
outcome 

Mode of Transdis-
ciplinary 
exchange 

Problem 
Formulation 

Researchers; 
Project 

stakeholders 

System 
knowledge 

Consultative; 
Giving 

feedback 

Flow of 
knowledge 

Interviews; 
Workshop; 

Feedback to draft 
Integrative end products for different target groups 

 
Scenarios 

 

Researchers; 
Regional 
planners; 

Land owners; 
Farmers; 

Administration   
(land; water) 

System 
knowledge; 

Target 
knowledge 

Participative; 
Providing data; 

Giving 
feedback 

Flow of 
knowledge; 

Mutual 
learning 

Advisory board 
Workshops 
(farmers, 

responsible actors 
for former sewage 

irrigated fields) 

Governance 
recommen-

dations 

Administration 
(land; water); 

Regional 
planners 

System 
knowledge; 

Target 
knowledge 

Consultative; 
Giving 

Feedback 

Flow of 
knowledge 

Advisory board; 
Feedback to draft 

 
Manual 

 

Administration   
(water) 

Water and soil 
associations 

System 
knowledge; 

Target 
knowledge 

Participative; 
Co-design; 

Giving 
feedback 

Flow of 
knowledge; 

Mutual 
learning 

Advisory board; 
Consultation for 
project design; 

Feedback to draft 
Decision 
Support 
System 

Land owners; 
Farmers; 

Agriculture 
consultants 

Transformation 
knowledge 

Consultative; 
Giving 

feedback 

Flow of 
knowledge; 
Aiming for 
‘change of 
situation’ 

Workshop with 
farmers; 

Usability tests 

Core 
Statements 

Researchers; 
Project 

stakeholders 

System 
knowledge; 

Target 
knowledge 

Consultative; 
Giving 

feedback 

Flow of 
knowledge; 

Mutual 
learning 

Workshop; 
Feedback to draft 

 

 

Analysis of inter- and transdisciplinary knowledge integration in ELaN  

Analysis of the quality of the inter- and transdisciplinary process  
In the following paragraphs the knowledge integration processes for each of the synthesis 
products are detailed and analysed. 

Joint problem formulation was an important step, especially for a common basic 
understanding within the project consortium. The evaluation of the one-day consortium 
meeting, where a draft of the problem formulation was discussed, showed that two thirds of 
the participating scientists agreed completely to the statement that visualisation with 
constellation analysis was helpful for their understanding of the overall context of ELaN and 
that the discussion supported them in getting to know the perspectives of the other sub 
projects better. The following quotes of participating scientists indicate that processes of 
mutual learning have to some extent taken place and that the discussions have contributed 
towards cognitive and social integration of the project team. “It was helpful to see all the 

1406



aspects which one hasn’t always present together in one picture. It was good to look at it as a 
group and discuss it.” “For me as a hydrogeologist who moves in a quite narrow range, it was 
interesting to see all the other perspectives. Up to now I didn`t approach the project with the 
overall picture but with my detailed research question.”   

Regarding the quality of integrating transdisciplinary knowledge, the advisory board members 
had an active role in bringing in their perspectives during an advisory board meeting. Some of 
the members also used the chance to comment on a draft of the problem description. The 
additional discussion with 38 stakeholders from different areas (e.g. water management, 
agriculture, nature protection) made different perspectives on the topic clear at an early stage 
of the project and offered a first chance to exchange ideas in this heterogeneous group. 
However, the duration of four hours was probably too short for deeper discussions so that 
integration at this point had a consultative character. Half of the participants filled out an 
evaluative questionnaire. The majority agreed to the statement that the workshop had 
motivated them to exchange ideas with colleagues; two thirds agreed to the statement that 
the exchange between scientists and practitioners functioned well (5 point Likert scale).  

The manual about risk assessment for the use of treated waste water first aimed to generate 
target and transformational knowledge for actors who are planning to use this water resource 
for land irrigation. In the course of the project, this objective had to be adapted for two reasons. 
One is that the monitoring results regarding the degradation of problematic remaining 
pollutants were diffuse: while some substances were reduced considerably, others remained 
in the soil or were only partly degraded. This meant that it was not possible to make absolute 
statements on the risk of using treated waste water (for groundwater pollution) but only very 
context specific statements taking into account also the soil type, position of the groundwater 
layer etc. The second reason to adapt the scope of the manual is rooted in political context 
conditions. Discussions in the European context about “water re-use” increased the necessity 
to reflect about new water management options on the one side. On the other side the leeway 
for decisions which go beyond the current legal restrictions was reduced since national and 
regional government bodies are waiting for general guidelines of how to deal with treated 
waste water in the future. Due to these context conditions ELaN could not provide 
transformational knowledge but primarily provided actors with supportive system knowledge 
for future decision processes. Moreover, the ongoing debates at the European level provided 
a favourable window of opportunities for discussion and reflection on a national and regional 
level. Actors were grateful that ELaN gathered distributed and fragmented knowledge e.g. 
about the risks of disposing of waste water in the traditional way (into surface waters) 
compared to the innovative option of using it for land irrigation. The discussions about the 
potential risks of using treated waste water were carried out in close interaction between 
science and actors from administration. Actors of the administration intensely commented on 
the draft of the “manual” (now called ‘recommendations for risk assessment’). The mutual 
learning processes are expressed in this quote of a member of the advisory board: “I think 
something has really changed from the first session till now – on both sides. At the beginning, 
there was a complete refusal [to use treated waste water for land irrigation] on the one side 
against the other side saying ‘We are just doing it this way4.’ And then, in the course of the 
project, both sides approached each other.” 

                                                      
4 The advisory board member is referring to one of the few sewage treatment companies which is using treated 
waste water for irrigation of agricultural areas with a permission which was given approximately 30 years ago. 
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The scenarios served primarily for interdisciplinary knowledge integration. Throughout a 
period of two and a half years there were regular meetings of a working group with scientists 
from different sub projects (altogether 10 meetings with 5-10 participants each). In the first 
phase of the scenario construction process the general design of the scenarios (e.g. 
quantitative versus qualitative, time scale, main drivers) was discussed and decisions for 
scenario design and content were deliberated. In the second phase the working group focused 
on bringing together results from different sub projects such as data on groundwater levels in 
fenland areas, available land use options for different groundwater levels and context 
conditions for certain land use options (e.g. necessary equipment, market conditions and 
subsidies). These combined results were used for developing the Decision Support System 
as well as the scenarios. The cooperation in this group was evaluated as being very fruitful 
since all of the participating sub projects benefited from the process of knowledge integration. 
Through the exchange social scientists deepened their knowledge about natural processes 
and natural scientists learned more about interrelations and systemic aspects of their own field 
of expertise. One colleague stated that “something new is created” due to the cooperation 
between natural and social scientists within the project. One can therefore conclude that 
mutual learning took place within the group of scientists. 
Regarding transdisciplinary cooperation the scenarios were meant to broaden practitioners’ 
perspective on different future options for water- and land management and therefore aimed 
at a reflection of target knowledge. Practitioners’ knowledge on main drivers, water and land 
use options as well as influencing market and governance aspects was integrated in the 
context of an advisory board meeting, a workshop with farmers and a workshop with 
responsible actors for former sewage irrigated fields. However, at all meetings with 
practitioners there was a certain reluctance to explore possible future trends. The actors – 
professionals from administration and associations as well as farmers – mostly held on to their 
field of expertise and the current situation, commenting that exploration of future trends was 
dubious and “unscientific”. It therefore has to be concluded that the scenarios were a good 
instrument for integrating results of the different sub projects in coherent pictures of future 
options for water and land management, but that the initial objective of broadening the scope 
of stakeholders was only met to a limited extent. 

Decision Support System (DSS): Fenland restoration or preservation is an important 
objective in the context of climate protection and preservation of biodiversity. The DSS aimed 
at facilitating farmers’ decisions regarding land use options which are compatible with higher 
groundwater levels. It was therefore the only integrative product which explicitly aimed at the 
generation of transformational knowledge. As mentioned above, the interdisciplinary working 
group, which met regularly, also generated important results for the DSS. Besides the core 
content – land use options for fenlands with different groundwater levels – it was possible to 
complement the information for the farmers with data on market conditions and possible 
subsidies. However, despite one workshop with farmers in the 2nd project year, practitioners 
were only integrated in a consultative way in the last project phase when the DSS was already 
programmed and major changes were not longer possible. The usability tests showed that the 
structure of the DSS was appropriate and the instrument was rather easy to use. Farmers 
commented however, that they probably will continue with intensive production on drained 
fenland soils as long as there are no supportive framework conditions as e.g. financial support 
for producing in a climate friendly way. It can therefore be doubted whether the instrument 
                                                      
Other members of the advisory board from water administration were very skeptical regarding this option due to 
the risks of groundwater pollution. 

1408



meets the objective to provide farmers with transformational knowledge and results in the 
outcome of “changing the situation”. 

Core Statements: With the formulation of the core statements the coordination team aimed 
at reaching an agreement about central results of the project in the whole consortium. Since 
the synthesis products brought together results of certain sub projects only, it seemed 
reasonable to present the overall results in a focused way. Besides resuming the main project 
results within the project consortium, this synthesis product was also meant to give an 
overview for interested practitioners and the broader public. The interdisciplinary discussion 
about the core statements took place in three working groups during a one day meeting of the 
whole consortium. The discussion about the interpretation of certain results, as e.g. the risk 
assessment for using treated waste water, was very lively. It was felt to be fruitful as the results 
of the evaluation of the meeting showed. Almost 90 percent of the participants agreed that the 
exchange in the working groups was intense and evaluated the effort of formulating core 
statements as being valuable. 80% agreed to the statement that the core statements will be 
an interesting product that succeeds in summarising the most important results of ELaN. Over 
90 percent disagreed to the statement that it is not necessary to formulate joint overall 
statements (5 point Likert scale) After the meeting the scientists of the consortium had the 
chance to comment on a revised version on an individual basis. Concerning transdisciplinary 
reaction to the core statements they were discussed at the last advisory board meeting. The 
members mainly found that the core statements gave a good overview about the projects’ 
results. It could however be observed that they commented only on those statements which 
dealt with their specific area of expertise. During the advisory board meeting who could be the 
target group for the core statements was also discussed. Since they cover a broad thematic 
spectrum from the use of treated waste water to water and land use options for fenlands and 
former sewage irrigated fields up to governance recommendations, it is not easy to figure out 
an explicit target group. 

Fostering and limiting structural factors for successful cooperation  
Structural and organisational factors for successful inter- and transdisciplinary research 
processes have been dealt with a lot in literature (e.g. Arye & Nettle, 2015; Pohl & Hirsch-
Hadorn 2008, Defila et al., 2006, Tress et al., 2005, 2007). This paper therefore only points 
out some of the crucial aspects that result from participative observation of the exchange 
processes and which were mentioned in interviews with the participating scientists. As Stokols 
et al. (2005, 2008) and Tress et al. (2005) point out there is no knowledge integration without 
discussions; thus, time and space for communication is crucial. Some of the interviewees 
stressed the importance of adequate time resources for inter- and transdisciplinary exchange 
processes and mentioned the five year duration of the project positively. “In my opinion, a 
duration of five years is absolutely necessary for a project like ELaN with such a lot of involved 
institutions, cooperation with practitioners as well as design, implementation and monitoring 
of experiments in the field. The five year duration has helped to get qualitatively sound and 
practice oriented results.” Others remark critically that in the original project proposal not 
enough time and financial resources for the interdisciplinary integration processes were 
allocated. 

For the successful integration process it was crucial that the project leader always put a lot of 
emphasis on the importance of inter- and transdisciplinary cooperation. Additionally, the 
process was supported by the interdisciplinary coordination team which met very regularly and 
ensured that synergies between different sub projects could be exploited and frictions were 
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avoided. The coordination team served as a role model for the rest of the consortium stressing 
the importance of continuous exchange. Finally it was of great advantage to have a sub project 
which was explicitly responsible for motivating inter- and transdisciplinary exchange with 
specific methods, documenting different disciplinary perspectives and regularly reflecting as 
well as evaluating the quality of the process. The benefit of this project design was 
acknowledged by several of the project members as the following quote shows: “The design 
of an own sub project for knowledge integration does not only make sense but is indispensable. 
The effort for assuring qualitatively sound knowledge integration should not be underestimated; 
the surplus is high. The individual sub projects are not able to deal with it besides working on 
their specific research questions.”  

 
Discussion and Conclusion  
The ELaN project builds on a structured process of inter- and transdisciplinary knowledge 
integration in all phases of the project. Structural and organisational elements such as: the 
establishment of an advisory board with practitioners from heterogeneous sectors; an 
interdisciplinary coordination team; a sub project which was responsible for supporting and 
analysing inter- and transdisciplinary exchange; as well as the project duration of five years 
proved to be essential for carrying out these integrative processes.  
 
To foster knowledge integration it was helpful to agree on the synthesis products in a rather 
early stage of the product. ELaN mainly contributed to system and target knowledge with its 
synthesis products. The output was partly restricted to ‘flow of knowledge’, resulting also from 
participation with a consultative character. Mutual learning processes were mainly observed 
within the group of scientists and the advisory board. The processes of joint problem 
formulation, scenario development and formulation of core statements seemed to be very 
valuable for interdisciplinary exchange and knowledge integration. Exchange with 
practitioners was most intense regarding risk assessment of the use of treated waste water. 
The question of an overall assessment of risks considering the future quality of surface waters, 
as well as the precautionary protection of groundwater quality, questions of the regional water 
balance and biodiversity, is an issue of high uncertainty and characterised by fragmented 
knowledge. Perspectives on this topic were quite controversial within the group of scientists 
as well as within members of the advisory board. Due to the discussions on the European 
level there was a suitable window of opportunity to discuss new forms of treating and disposing 
of waste water and weighting the potentials and risks of different paths against each other in 
a systematic way. The results of ELaN supported a holistic debate of this topic by integrating 
fragmented knowledge from water and land management. Additionally it can be viewed as 
one of the main achievements of ELaN to bring actors with different sector-specific knowledge 
together and enhance mutual understanding for each others’ position. 

On the other side, ELaN was less successful in supporting an open debate about future water 
and land management on fenlands. In comparison to the topic of using treated waste water 
this discussion is not as new and characterised by antagonistic positions between farmers and 
actors from nature protection. While the former stress the necessity for supporting framework 
conditions (e.g. subsidies for other forms of cultivation of fenlands), the latter view the farmers 
as being responsible for forms of land use which are adapted to natural conditions. By 
highlighting the different positions, especially in the process of problem formulation, ELaN 
enhanced mutual understanding for each others’ position and supported those actors from 
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both areas who were willing to find compromises. However, throughout the duration of the 
project there was no decisive window of opportunity to take first steps in the direction of 
regenerating fenlands by adapting land use to higher groundwater levels. 

The comparison of the outcomes in the two thematic fields underlines that the nature of the 
problem and political or societal windows of opportunity play an important role for successful 
transdisciplinary research processes. Transdisciplinary projects in some cases are able to 
serve as ‘sites of experimentation’ for testing innovations, but sometimes they can only 
prepare the ground for adapting innovations in the future by providing system and target 
knowledge.  
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Workshop Theme 3: Pathways towards sustainable agri-food systems – 
tensions or synergies? 
 
 
Workshop 3.1: Sustainability of food chains: contested assessments 
Convenors: Gianluca Brunori, Erik Matjis, Dominique Barjolle, Mario Giampietro, James 
Kirwan, Damian Maye, Luca Colombo and Rudolf van Broekuizen 
 
In the last two decades the corporate-based food system has been shaken by a loss of 
reputation, due to concerns about its sustainability. To respond or to anticipate an increasing 
demand for information about sustainability of products and processes, food businesses have 
addressed the sustainability issue seriously, investing in technologies, measurement tools, 
certification schemes and social reporting. This effort has put some pressure on 'alternative 
food chains'  that have introduced the issue among consumers by highlighting the vulnerability 
of the existing food system, and given consumers the opportunity to choose alternative 
products and processes with a high sustainability reputation. An increasing number of scholars 
have developed sustainability assessment of food chains, and, surprisingly, a growing number 
of studies show that the superiority of local food chains with regard to sustainability is not to 
be taken for granted. Methodologies with a high reputation for scientific rigour, such as LCA, 
tend to confirm these limits. However, there is more than a suspicion that existing sustainability 
metrics are not appropriate to the characteristics of alternative food chains, and that when 
using them as instruments to influence consumers or policy makers they alter the balance of 
power in favour of corporates. This workshop aimed to address these issues in relation to 
European as well as international contexts, and accepted papers from researchers, NGOs 
and business actors built around the following questions: 
 

• How is the sustainability performance assessment of food systems evolving?  
• How do assessments evolve in relation to the evolution of the meaning of 

sustainability? What is the impact of sustainability assessment on the governance 
of food chains? 

• What are the methodological differences implied in measuring sustainability of local 
and global food chains? 

• Can 'alternative food networks' propose 'alternative sustainability assessment' 
metrics? 

• Are there avenues for collaboration between food movements and global players 
in creating a level playing field? What can alternative food networks learn from 
global players? What can global players learn from alternative players? 

• How can policies accompany the efforts of actors in the food chains to improve 
their sustainability performance? 
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On the use of LCA indicators for the environmental assessment of food 
systems: the case study of the Mediterranean Diet 
 
Stefanova, M. and Iannetta, M. 

ENEA- Italian National Agency for New Technologies, Energy and Sustainable Economic 
Development 

Abstract: The broad recognition of Life Cycle Assessment (LCA) as a science-based 
methodology for environmental assessment of products has paved the way toward extending 
it into a framework for sustainability analysis. This work analyses the applicability of the 
method to environmental sustainability questions posed from different points of view. The case 
study of the Mediterranean Diet is considered, as it allows formulation of options under two 
different perspectives on food system sustainability. The approach is inspired by conceptual 
modelling and focuses on analysis of the modelling paradigms of LCA. Our findings confirm 
hypotheses expressed in the literature that not all perspectives on sustainable food systems 
can be captured by such modelling paradigms.   

Keywords: Life Cycle Assessment, Mediterranean Diet, conceptual model, Input-Output 
Analysis, measurement theory, multi-criteria 
 

Introduction  
Nowadays environmental, social and health objectives bring into the policy agendas the need 
to look for novel pathways for the food system, which depart from economy of scale objectives. 
Within this multi-objective policy landscape, sustainability assessments are expected to play 
a benchmark role for food system reforms (iPES FOOD, 2015). The tools based on LCA are 
becoming increasingly popular in informing policy makers about sustainability performance of 
food systems. LCA methods have gained particular relevance in the European policy arenas 
especially after the publication of the Product and Organisational Environmental Footprint 
methods (EC, 2013), whose aim is to “develop an approach that could be used in existing and 
new EU policies” (Galatola, 2014). The heart of LCA is the system-based thinking, called “Life 
Cycle Thinking” (LCT) determined by product life cycle perspective, when assessing products’ 
performances. Today it is considered a sound base in extending LCA to encompass other 
dimensions of sustainability, to broaden the object of analysis on meso and macro-scales and 
to deepen modelled relations and mechanisms (Guinée et al., 2011).  

Even if LCA is considered a mature instrument based on science and mathematical rigour, 
there are few works in the literature which analyse its conceptual structure and properties of 
the underlying modelling paradigms and the corresponding assumptions and conditions under 
which it can be correctly applied. The focus is mainly on procedural elements, which explain 
how to build life cycles and how to compute them with the help of software instruments. The 
main objective of the present study is to link the “world-views” at the base of LC-thinking to 
the way footprint numbers are computed by means of LCA. The aim is to further disclose the 
conceptual model of LCA, which determines the way economic systems are represented for 
subsequent analysis.   

The Mediterranean Diet has been selected as a case study for the analysis of LCA since it 
allows for identification of options under two different perspectives. The modelling paradigms 
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of LCA are examined in relation to system characteristics considered relevant by each point 
of view. The study builds upon epistemological analysis of LCA (Heijung, 1997), mathematical 
modelling employed in computation of LC inventories (Heijungs & Suh, 2002; Suh & Huppes, 
2005) and analyses of the way LCA is being used (Freidberg, 2014; Garnett, 2014; Heiskanen, 
2000). Our findings confirm the hypothesis expressed in (Garnett, 2014) that not all 
perspectives on sustainable food systems can be captured within the modelling paradigms of 
LCA.   

Approach 
The approach followed within this study starts from the assumption that there can be different 
points of view about food system sustainability (Galli et al., 2016). Such differences could arise 
from considering as relevant not completely overlapping sets of food system characteristics. 

We adopt the three perspectives on framing food systems sustainability identified in Garnett 
(2014): efficiency; demand-restrained; and system transformation perspectives. It is important 
to recognise that there could be more perspectives than these three, but for the purpose of 
the present study, they provide a sufficient base for analysis. All three perspectives bear 
ideological components even though options prioritised by each of them are based on 
scientific findings. The efficiency perspective prioritises technological innovation, demand-
restrained – nutrition science evidence linking nutrition and health, and system transformation 
- knowledge based systems and ecological management of farms (Wezel et al., 2009). While 
LCA seems to be a useful tool in assessing environmental performances of food systems from 
efficiency and demand-restraint points of view, its adequacy in capturing system 
transformation perspective is questionable (Garnett, 2014).  

The modelling paradigms on the base of LCA are analysed with the help of techniques from 
the discipline of conceptual modelling. Conceptual modelling deals with concepts and relations 
between them with the aim of facilitating communication and understanding among actors 
involved in the model development and use processes (Wilmont et al., 2013). Its focus is on 
characteristics of a problem domain considered relevant and captured in models. Conceptual 
models facilitate linking mental models and perspectives to formal modelling tools 
implemented within software systems. Figure 1 illustrates how food system perspectives are 
linked with LCA modelling instruments. In the subsequent sections a more detailed analysis 
of the LCA conceptual model will be presented.  In addition, some problems arising with the 
system transformation perspective will be discussed through a case study of the 
Mediterranean Diet.  
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 Figure 1. Linking perspectives to models. Source : FAO (2015) p. 182 (Ianetta and 
Stefanova, 2015) 

Conceptual modelling 
“Conceptual modelling” is a term and a discipline in its own right, which reflects needs, shared 
by a number of separate disciplines, for understanding and communication in the processes 
of model development and use (see Brodie, 2009; Geofrion, 1987). Understanding is 
conceived on the base of a multi-level interpretation system, which is focusing on the 
conceptual level and which links aligned mental models (or worldviews) of modellers and users 
of a model with the formal constructs into which the model is eventually expressed. Formal 
representations of the models could be on several levels, i.e. expressions recorded in a 
mathematical notation or in computer code (Figure 2).  

 

Figure 2. Relations between world-views, conceptual models, mathematical models 
and software 

As a discipline conceptual modelling is strongly influenced by linguistics, cognitive science, 
philosophy and formal logic. To the authors’ knowledge, the linguistic notion of “worldview” 
(Underhill, 2009) is universally assumed. Some scholars, influenced by constructive logic 
theories1, accept also the Sapir-Whorf hypothesis that thought is language-dependent, which 
has profound consequences for the type of tools designed in order to help communication and 
understanding (see Partrige et al., 2013 for a discussion, and see Wilmont et al., 2013 and 
Chekland, 1995 for examples). The paper follows this latter current.   

                                                      
1 As opposed to classical logic, constructive logic theories rely on the conception of “relative truth”, with subsequent 
implications in the way syntax and semantics of formal languages are dealt with, which has far reaching 
consequences in practical applications.  
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Recalling the seminal definition of M. Minski, in the field of Artificial Intelligence (Minski, 1968): 
“an object A is a model of an object B for a modeller C if the modeller C can use A in order to 
answer questions that interest him about B”, it follows that a model is not an absolute entity, it 
is subjective and reductionist in a sense that it expresses the “world-view” of the modeller on 
the problem domain of which B is an entity. It is the modeller who decides how to represent 
entities to be modelled and which of their characteristics are relevant for his purposes.  In this 
definition the modeller is a collective role, comprising both model developers and users. In an 
ideal situation, model developers and users share a common “worldview” on a problem 
domain, which assures that, on the one hand, the relevant user characteristics of B are being 
captured in A and on the other, that the model user understands the model A and applies it 
correctly for the purpose it serves. In practice, such ideal situations are rather rare, especially 
when modelling instruments are being developed and used by many people. The aim of 
conceptual modelling is to provide tools for learning and reflection, which help model 
developers and users to align and share “worldviews” about a domain. Such tools are used in 
a continuous and interactive process, in which mental models are “written” down, shared, and 
constructed back in the mind by interpreting descriptions and so on, until a shared view is 
achieved.  

A conceptual model of a problem domain can be regarded as a declared or written “worldview”. 
It can be thought of as a language, in terms of which specific models of domain entities can 
be expressed. In this sense, concepts are analogous to word classes (or parts of speech), 
while relations between concepts correspond to grammatical rules. Two cognitive processes 
are central to the model development and use: abstraction and relational reasoning (Wilmont 
et al., 2013). These processes help in constructing or understanding concepts and relations 
between them by relating them to a vast body of concrete knowledge and/or experiences 
about the problem domain. They are used in the continuous and interactive process of 
meaning formation and learning resulting in “writing” and “reading” of representations and in 
constructing, aligning and adjusting “mental models” of a domain (Johnson-Laird, 1983).   

In the present paper, natural language in combination with mathematical notations will be used, 
in order to describe the conceptual model of LCA. It is important to note that LCA guidelines 
and case studies often make use of a convenient graphical notation, aiding the process for 
representation of economic systems. However, such notation as a language does not have 
enough expressive power to capture our analysis assumptions.   

Conceptual model of LCA 
There are three main types of actors involved in the process of modelling and use of the LCA 
methodology: the LCA expert; the final user (i.e. the client of the LCA expert); and a specialised 
software system. Footprint numbers are co-produced by the LCA expert and the software 
system: the LCA expert retains tacit expert knowledge and skill, while codified knowledge and 
routine calculation tasks are delegated to the ICT system (Collins, 2012). All actors involved 
need to align their “worldviews” in order to engage with an LCA study. The “worldview” of the 
ICT system is precisely and explicitly codified, in the course of another similar modelling 
process in which developers of LCA methodology, mathematical modellers and software 
developers needed to align to a shared “worldview”. The conceptual model of LCA is this latter 
“worldview”.   

The codified “worldview” of the ICT system cannot be changed in the course of an LCA study, 
so it is the LCA expert and his client who need to adapt their “worldviews” to the one codified 
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in the software. Various guidelines and scientific papers in the literature provide useful input 
in order to help LCA experts in adapting their “worldviews” to those codified in software and in 
various standards. However, LCA literature is often limited to intuitive explanations, which 
make explicit only some of the relations between concepts used in the underlying modelling 
paradigm.   

The main concepts employed in LCA are those of economic systems and their configurations 
to satisfy exogenous demands (these configurations, as we shall see later, are exactly what 
is meant by “product life cycles”).  

LCA literature traces back the origins of LCA to energy analysis, which in its turn is influenced 
by economic theory, most notably by Input Output Analysis (IOA). The origins of the ideas 
behind IOA can be traced back to applications of centralised planning of an economy (ten Raa, 
1990). Even though LCA as a tool is not intended for planning applications, the process of 
configuring an economic system to exogenously given (unconstrained) demand levels is 
central to the calculation of footprints. Such a calculation process certainly bears planning 
elements, and it is not surprising that literature often reports alternative uses of LCA as a tool 
for governance of entire supply chains (Freidberg, 2014).  

Economic systems  
The composite concept of economic system is central to LCA. It is conceptualised through the 
relation of other simpler concepts of products, flows and processes. 

Economic systems are represented as a set of interconnected processes, defined in terms of 
input and output commodity and environmental flows (Heijungs, 1997; Heijungs & Suh, 2002). 
The basic assumptions behind the LCA conceptual model are the same, as in the open model 
for IOA (Christ, 1955), that is:  

1. Constant proportions between levels of output and input flows, i.e. single observation 
in time is sufficient to obtain estimation of all parameters in the process representations;  

2. Each product is determined uniquely by a process which produces it. In other words, 
if a process produces more products, then they are in constant proportion and one of 
them can be identified as the primary product, while the other products must be primary 
products of other distinct processes.  

These assumptions lead to (a) a condition of non-substitutability of inputs – a change in input 
proportions of a process leads to the “creation” of a distinct product and its corresponding 
production process and (b) the level of primary output determines uniquely the level of all 
inputs and other outputs of a process.  

More precisely, an economic system 𝑆𝑆𝑆𝑆� can be defined by means of ordered sets 𝐶𝐶𝐶𝐶, 𝐸𝐸𝐸𝐸 and 𝑃𝑃𝑃𝑃 
of respectively 𝑛𝑛𝑛𝑛  products (i.e, names of commodities or services), 𝑚𝑚𝑚𝑚  environmental 
interventions (i.e. names of environmental flows) and 𝑛𝑛𝑛𝑛  processes. Each product and 
environmental intervention is associated with a unique measurement unit, which allows 
expression of levels of flows of the corresponding types. Each process 𝑝𝑝𝑝𝑝�̅�𝑖𝑖𝑖 is represented as 
an ordered 𝑛𝑛𝑛𝑛 + 𝑚𝑚𝑚𝑚 tuple of numbers, standing for commodity or environmental flows: 

                                                      
2 In the sequel, tuples of numbers will be denoted by over-lined letters; scalars and names – by small letters, more 
complex structures and sets – by capital letters.   
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𝑝𝑝𝑝𝑝�̅�𝑖𝑖𝑖 = 〈𝑐𝑐𝑐𝑐1
𝑖𝑖𝑖𝑖 , … , 𝑐𝑐𝑐𝑐𝑛𝑛𝑛𝑛

𝑖𝑖𝑖𝑖 ; 𝑒𝑒𝑒𝑒1
𝑖𝑖𝑖𝑖 , … , 𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚

𝑖𝑖𝑖𝑖 〉, 

where: 

 Positive numbers indicate output flows (i.e. levels of produced products or 
emissions to the environment). Negative numbers indicate input flows; 

 The primary commodity output of 𝑝𝑝𝑝𝑝�̅�𝑖𝑖𝑖 is the 𝑖𝑖𝑖𝑖-th product 𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 and the flow 0 <  𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖 ≤

1 denotes a fraction of its primary unitary output flow, which is not used within the 
process itself as input;   

 𝑐𝑐𝑐𝑐𝑗𝑗𝑗𝑗
𝑖𝑖𝑖𝑖 < 0 (𝑖𝑖𝑖𝑖 ≠ 𝑗𝑗𝑗𝑗) are constant efficiency coefficients expressing levels of input 

commodities  necessary for the production of a unit of the primary output;    

 𝑐𝑐𝑐𝑐𝑗𝑗𝑗𝑗
𝑖𝑖𝑖𝑖 > 0 (𝑖𝑖𝑖𝑖 ≠ 𝑗𝑗𝑗𝑗) are constant ratios of secondary outputs produced together with 

a unit of the primary output; 

  𝑒𝑒𝑒𝑒𝑘𝑘𝑘𝑘
𝑖𝑖𝑖𝑖  are constant ratios between so-called environmental interventions and the 

unitary primary output.   

A detailed account of how the above conceptual structures relate to both methodological and 
computational/mathematical issues about LCA can be found in (Stefanova & Iannetta, 2016)3.  

Demand-centric configuration of economic systems 
Demand for a particular product or mix of products is another concept central in both the 
contexts of LCA and IOA. In LCA, quantities of two or more products of the system can be 
equalised on the base of the same level of demand for a function. Such demand levels are 
expressed in terms of functional units, defined exogenously. The central problem of the LCA 
inventory analysis is: given a demand level for a product and a representation of an economic 
system find a configuration of the system which satisfies the demand level of the product 
(Heijung & Suh, 2002). Life Cycles of a product are exactly these demand-centric 
configurations of economic systems. In such configurations the intermediate commodity 
outputs are adjusted in such a way as to satisfy the demand level for the product by following 
backwards the output-input links. Life Cycles are possible to compute, only under the 
assumptions discussed in the previous section. More precisely, the life cycle of a product 𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 
with respect to an economic system 𝑆𝑆𝑆𝑆 and a functional unit 𝑓𝑓𝑓𝑓 is a 𝑛𝑛𝑛𝑛-tuple:   

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑓𝑓𝑓𝑓
𝑆𝑆𝑆𝑆(𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖) =  〈𝑜𝑜𝑜𝑜1 × 𝑝𝑝𝑝𝑝1̅̅̅, … , 𝑜𝑜𝑜𝑜𝑛𝑛𝑛𝑛 × 𝑝𝑝𝑝𝑝𝑛𝑛𝑛𝑛̅̅ ̅〉 ,  

where 𝑜𝑜𝑜𝑜𝑗𝑗𝑗𝑗 are the levels of primary outputs of each process in the system scaled-up to match 
the external demand level for 𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖  (for complete details see Stefanova & Iannetta, 2016). 
Processes of 𝑆𝑆𝑆𝑆, which do not participate in the life cycle of the product 𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 will be null-valued 
process tuples.  

                                                      
3 Available upon request from the authors. 
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Environmental performance 
In LCA a system perspective is adopted for measuring environmental performance. In fact, for 
each impact category LCA makes use of conjoint measurement functions with additive 
composition rule, which have the following form:  

𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓
𝑆𝑆𝑆𝑆(𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖) = ∑ 𝑜𝑜𝑜𝑜𝑗𝑗𝑗𝑗 × 𝐼𝐼𝐼𝐼(𝑝𝑝𝑝𝑝�̅�𝑗𝑗𝑗)

𝑛𝑛𝑛𝑛

𝑗𝑗𝑗𝑗=1
, 

  

where 𝐼𝐼𝐼𝐼(𝑝𝑝𝑝𝑝�̅�𝑖𝑖𝑖) are the impact measurement functions per unit primary output flow for each 
process in the system.  

Mediterranean Diet and LCA 
This section discusses the conceptual model of LCA in connection with two conceptions of the 
notion for Mediterranean Diet. In the first case, LCA can be used in analysing options under 
the demand-restrained perspective, and the consequences of such options on land use or 
trade intensity patterns. The second conception of the Mediterranean Diet refers to a model 
of relations characterising the peasant way of farming (van der Ploeg, 2008) and can be 
adopted in analysing options under the system transformation perspective.  

Conceptions of the Mediterranean Diet 
The notion of Mediterranean Diet can be perceived in two ways.  

First, it is associated with a healthy nutritional model, successfully disseminated across the 
world through the Mediterranean Diet pyramid (Bach-Faig et al., 2011). The term itself had 
been coined by the American physiologist Ancel Keys, in order to capture typical dietary habits 
occurring among poor rural populations in the 1960s in several ecological zones from the 
Mediterranean Basin (Trichopoulou et al., 2014). The traditional Mediterranean diets have 
been expiring case studies for understanding numerous relations between nutrition and health. 
Such studies employ the dietary pattern concept, which, abstracting from spatio-temporal 
contexts and the corresponding food systems, allows capture of such characteristics of a diet 
which are of interest to health and nutrition professionals. For this reason, specific dietary 
patterns often need to be updated in order to accommodate changes in other food system 
characteristics which can impact health (Trichopolou et al., 2014).   

A second interpretation is connected with the recognition of the Mediterranean Diet as a 
cultural heritage by UNESCO. “The Mediterranean Diet – derived from the Greek word díaita, 
way of life – is the set of skills, knowledge, rituals, symbols and traditions, ranging from the 
landscape to the table, which in the Mediterranean basin concerns the crops, harvesting, 
picking, fishing, animal husbandry, conservation, processing, cooking, and particularly sharing 
and consuming the cuisine” (Unesco, 2013). In this conception the Mediterranean diet 
encompasses more than just food, it makes reference to the entire food system which delivers 
it and it puts emphasis on social interaction. As mentioned above, traditional Mediterranean 
diets are the diets of poor rural communities from the past (Trichopoulou et al., 2014). As such 
they are connected with the peasant mode of farming, whose distinguished characteristics are 
tightly connected with the presence of difficult conditions in the social context of peasantry, in 
which such a way of farming becomes a “necessary institution” (van der Ploeg, 2008, p. 35).  
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Mediterranean Diet and demand-restrained perspective 
Recent studies on the environmental impacts of livestock-based products, has brought 
attention to the potential environmental impact reductions associated with diets low in animal-
based products. There are many LCA studies in the literature, carried from a demand-restraint 
perspective, which aim to identify synergies between environmental and health outcomes of 
food systems (Heller, et al., 2013). Many of these studies consider the Mediterranean dietary 
pattern as an option for environmental assessment (see the first conception discussed above).   

This sub-section discusses five studies from the literature, which employ LCA indicators to 
measure the environmental performance of Mediterranean dietary patterns (Duchin, 2005; 
Pairotti et al., 2015; Tilman, 2014; Tukker et al., 2011; van Dooren & Aiking, 2015; van Dooren 
et al., 2015). In LCA dietary patterns are represented with the help of mixing processes with 
an output -  the mix-product, and inputs - the product components of the pattern. Changes of 
proportions in the mix of products results in the creation of a new process and a commodity 
representing a different dietary pattern mix of the same product groups. Synergies between 
health and environmental outcomes are not always reported, because sometimes a reduction 
in the contribution of the most impacting food-stuffs in a product-mix (i.e. animal-based 
products) can be offset by the increased contribution of other food-stuffs (see for example 
Tukker et al., 2011). As a general rule, various product mixes by means of which 
Mediterranean dietary patterns are represented result in lower environmental impacts, due to 
the lower share of animal-based products.  

As a general rule, all LCA studies assessing diets take as a reference the global production 
context. Diversely, the consumption context can be national, regional or global, according to 
the purpose of the study. For example, studies aiming to define nutritional guidelines 
recommending healthy and environmentally friendly dietary choices often target national or 
regional consumption contexts (van Dooren et al., 2014 and 2915; Pairotti et al., 2015). Other 
studies are more concerned about the consequences of dietary change on the agricultural 
sector and shifts in land use patterns. Such kinds of studies propose to consumers less drastic 
changes in diet (which, most likely, are also less healthy), but take into account also industrial 
interests (Duchin, 2005). For example, the Mediterranean dietary pattern in Tukker et al. (2009) 
is defined in terms of the current average dietary patterns of several countries from South-
East Europe (Bulgaria, Romania, Greece and Italy), which is less impactful on the life-stock 
sector than the Mediterranean patterns recommended by health professionals (Bach-Faig et 
al., 2011). Further studies explore regional differences in technological efficiencies in the 
production of the same products and consider impacts on trade flow intensities (Tilman & Clark, 
2014). The consumption context of such studies is global. Duchin (2005) defines a modelling 
framework which allows assessment in a consistent way of the options for change in 
technological efficiencies, consumption demand (diets), and trade intensities between regions 
on a global scale.  

Mediterranean Diet and system transformation perspective 
According to the second conception above, the Mediterranean Diet can be regarded as a 
model of relations characterising the peasant-mode of farming and induced by its market and 
consumption relations (van der Ploeg, 2008). As such it could be regarded as an idealistic 
reference model for guiding food system transitions in the Mediterranean Region. Such idea-
based models are useful artefacts in studies, where modelling is employed for the purpose of 
re-design of systems of human activities (Checkland, 1995). This kind of modelling puts more 
emphasis on alignment of concepts and relations between the actors involved, since empiric 

1423



observation is possible only for the present state of the systems. In fact, involved actors must 
understand which are the important characteristics of real-world systems to be empirically 
observed and modelled when making reference to a “desired-to-be-future”.   

Peasant production mode is characterised by (a) co-production with nature and self-controlled 
resource base, (b) learning and (c) social interactions (van der Ploeg, 2008, p. 26). This 
section assumes that these characteristics are considered relevant under the system 
transformation perspective. The aim is to show that they pose a representational challenge to 
the assumptions of a primary output and fixed coefficient ratios adopted within the conceptual 
model of LCA.    

Each production cycle in peasant-mode production is built upon resources (natural and social) 
that are produced and re-produced during previous cycles. This feature alone is challenging 
in terms of LCA, as change in efficiencies or substitution in inputs can be represented only by 
introducing distinct processes and products (see previous section on Conceptual model of 
LCA). From a purely pragmatic point of view it seems unfeasible to add a distinct process for 
each production cycle in this type of farming.  

Secondly, representation of peasant farming inputs in terms of LCA is also problematic. The 
main types of inputs here are from nature (i.e. ecosystem services) and from humans (labour 
and knowledge) (van der Ploeg, 2008). In the modelling framework of LCA, only marketable 
inputs from other production processes (or sectors) are considered and that is why the 
assumption of fixed coefficient ratios to primary output can seem plausible. Applying it to inputs 
from nature and to knowledge inputs does not look easy; our knowledge of both nature and 
humans is not so precise to be expressed in so simple a way.  

Thirdly, representation of outputs is problematic too. The outputs of this type of farming are 
not only marketable products and undesired outputs to nature, but also desired outputs to 
nature and knowledge, as well as construction of a style of farming which determines the 
relationships with markets and consumers (van der Ploeg, 2008, p. 26). In particular, 
reproduced production factors and outputs, not delivered to the market, are variable and 
cannot be handled by extending the framework of fixed ratios of secondary outputs to primary 
commodity output (van der Ploeg, 2008, p. 44). Furthermore, it is difficult to identify a unique 
primary output in such farming modes of production.  

Finally, the concept of exogenous demand, adopted in LCA by making reference to functional 
units, is also problematic. Peasant-mode of production is characterised by limited resource 
base per unit of product. This clearly poses a constraint on the demand to a system, and the 
concept of a life cycle being a configuration of a system to an exogenous unconstrained 
demand needs re-consideration.  

Discussion 
We are far from claiming a complete analysis of the traditional Mediterranean model for 
production and consumption. As shown in the previous section, assessing options under the 
system transformation perspective could be extremely challenging in terms of LCA. This 
section therefore discusses some fundamental assumptions about empirically observable 
systems, implied by the performance measurement functions of LCA and the conditions 
defining relations between concepts within its conceptual model. On the base of this and the 
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analysis in the previous section, a generalisation of the performance measurement functions 
is proposed, which avoids some of the identified representational problems.  

Independence assumption 
The additive composition rule (see Environmental performance section above) implies 
preferential independence assumption among components (phases) of the observable 
economic systems (Krantz et al., 1971). Note that such independence can only be assumed 
and not validated through empiric observations. In fact, economic system representations in 
LCA are cognitively related to observable systems of human activities, but unlike models used 
in classical sciences, footprints calculated out of them cannot be experimentally validated 
(Heijungs, 1997). Therefore a preference relation between observable systems cannot be 
empirically established in order to check whether or not preferential independence condition 
holds (see Krantz et al., 1971).  

Independence is a very strong assumption, which is often hard to demonstrate empirically and 
enters often into debates of correctness in using additive aggregation rules in MCDA (see 
Nardo et al., 2005). What does it mean, in a LCA setting? A subset of two or more phases 
from the observable economic system are assumed to remain in the same preference order 
with respect to their e.g. climate impacts, whatever the corresponding impacts of the rest of 
system stages. That is, no matter how we improve and optimise the agricultural phase of a 
food chain, the rest of the phases can be ordered for their impacts in the same way as before 
optimisation happened at farm level.   

The independence assumption at empirical level is tightly connected to both the use of LCA 
and to the way concepts are related in its conceptual model. In fact, even if each LCA-study 
adopts a live-cycle perspective, options compared by it concern only single system stages. 
The rest of the system remains the same, while corresponding flows are adjusted to satisfy a 
new level of production due to a change in technological efficiencies.  

The additive composition and independence assumption also imply a compensatory logic and 
the existence of trade-offs between processes participating in the life cycle of a product (Nardo 
et al., 2005). That is, if for example a phase in a food chain is very efficient (e.g. distribution 
or large-scale industrial production), it can offset inefficiencies at other phases (e.g. 
agricultural phase). Such inefficient phases can be identified by performing LCA for hot-spot 
analysis. Thus, consecutive substitutions of single processes with more efficient options can 
result in an optimisation process, facilitated by the use of LCA, which aims at trade-offs 
minimisation.     Offsetting disadvantages and compensatory principles are also applied when 
the goal is to identify optimal product mixes (as in the cases discussed in the section on 
Mediterranean diet and demand-restrained perspective).  

The independence assumption is incorporated in the conceptual model too in the form of two 
assumptions: (a) primary output products and (b) fixed ratios of other inputs and outputs to 
primary output. That is, if two processes deliver comparable products with different efficiencies, 
substitution of one of them in the corresponding life cycle does not lead to change of 
input/output ratios in other processes (only corresponding quantities are adjusted). The 
argument extends also to situations of input substitutions, as for example in the case of organic 
and conventional agriculture. In this case we have a number of processes affected, which are 
independent of the rest (see Nardo et al, 2005, p. 75).  
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These two conditions at the level of conceptual model (as the section on the Mediterranean 
diet and system transformation perspective shows) are problematic when considering options 
under the system transformation perspective.  

Generalised performance measurement functions 
Based on the analysis in the previous section and identified representation gaps within the 
conceptual model of LCA, this subsection proposes a generalised form for the performance 
measurement function. It is generalised in two ways. Firstly, by allowing assumptions of 
interdependencies between system parts. Secondly, the modelling paradigms can be chosen 
according to characteristics considered relevant for the purpose and consistent with “desired-
to-be-futures”. In fact, the term sustainability is carrying a reference to the future, which makes 
it both ambiguous and difficult to measure (Chekland, 1995).     

Suppose an economic system can be defined in terms of n components 𝑝𝑝𝑝𝑝1, … , 𝑝𝑝𝑝𝑝𝑛𝑛𝑛𝑛.  A general 
form for impact measurement function can be expressed by:  

𝐼𝐼𝐼𝐼(〈𝑝𝑝𝑝𝑝1, … , 𝑝𝑝𝑝𝑝𝑛𝑛𝑛𝑛〉) = 𝐹𝐹𝐹𝐹 (𝐼𝐼𝐼𝐼1(𝑝𝑝𝑝𝑝1), … . , 𝐼𝐼𝐼𝐼1(𝑝𝑝𝑝𝑝1)). 

The measurement function above generalises LCA in two ways: first, it is not necessary to 
define the measurement functions of each system component in terms of the same modelling 
paradigm; and second, in order to calculate system performance, it is not necessary to use 
additive composition rule. For example, a function for sustainability performance for 
Mediterranean Diets from different agro-ecological zones, using geometrical mean 
composition functions have been proposed in Iannetta (2012). While the challenge of finding 
appropriate measurement functions in order to consider and asses options prioritised under 
the system-transformation perspective remains open, the generalised measurement function 
can be useful in two ways. Firstly, the scientific base of LCA can be better clarified (in terms 
of conditions, properties and assumptions), if examined in relation to measurement theory 
(Krants et al., 1971). Secondly, reference to well- developed theoretical frameworks could 
provide a further step in the development of approaches for sustainability analysis, which 
differentiate between subjective assumptions and objective procedures based on them, thus 
allowing consideration of multiple stakeholders’ perspectives.    
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Long-term sustainability assessment of market-gardening farms involved in 
short supply chains: a case study in the South of France 
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Abstract: In France, one market-gardening farm in two is nowadays involved in short supply 
chains (SSC). Involvement in SSC has been proved to be a driver of farming system 
modifications and can therefore affect farm sustainability. Impacts of SSC at farm scale have 
been however little assessed at medium and long term. Our study aimed therefore at analysing 
why and how market-gardening farms involved in SSC evolved over time, and at assessing 
current farm sustainability. Comprehensive interviews were conducted from April to July 2015 
in 28 market-gardening farms located in two areas of South of France to describe and analyse 
their evolution trajectories from the time when they were first involved in SSC up to the present 
day. Current functioning was analysed as well and combined with a sustainability assessment. 
We found that farm strategies and evolution trajectories differed mainly in the intensity of SSC 
use, the complexity of the marketing strategy, the level of crop diversity and the intensity of 
input use. Farms that were most involved in SSC displayed the better agro-ecological 
sustainability and a higher contribution to local economy and life. The economic assessment 
resulted in contrasting scores depending on farm types and sustainability components but the 
available farming income was a shared issue within the surveyed farms. The social 
assessment highlighted mediocre working conditions but life quality was assessed as correct 
to good by the farmers. We highlighted a high diversity of situations regarding evolution 
trajectories and current farm functioning, and this diversity affected sustainability assessment 
results. 
 

Keywords: Short supply chain, market-gardening, farm sustainability, assessment, evolution 
trajectory, crop diversity, input use 

 
Introduction 
Short supply chains (SSC), defined as chains based on no to one intermediary between the 
producer and the consumers, have seen a significant development over the past fifteen years 
and represent, depending on the source, 6 to 15% of food purchases today in France (Allain, 
2015; Chiffoleau, 2016). One farm in five is today involved in SSC and this share reaches one 
in two regarding market-gardening farms (Rosenwald, 2012). In addition, one market-
gardening farm in three markets at least three quarters of its production through SSC 
(Rosenwald, 2012). Social and economic sustainability at the territorial scale are generally 
emphasised (Traversac & Kébir, 2009; Kneafsey et al., 2013): a higher multiplier effect on 
local economies is described, as well as impacts on maintaining local employment. On the 
other hand, environmental sustainability remains under discussion; for instance, local appears 
not to be a sufficient feature to ensure a reduction in greenhouse gas emissions 
(Redlingshöfer, 2008; Kneafsey et al., 2013). Impacts at farm scale remain under discussion 
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as well. For example, SSC are said to allow retention of a higher share of value added, 
whereas higher labour inputs and possible higher production costs are described (Chiffoleau, 
2008; Traversac & Kébir, 2009; Kneafsey et al., 2013). Moreover, involvement in SSC has 
been proved to be a driver of farming system modifications and therefore affects farm 
sustainability (Navarrete, 2009; Aubry et al., 2011; Lamine et al., 2014; Navarrete et al., 2015). 
Producers involved in SSC combine different activities (at the least production, marketing and 
promoting) and often combine different marketing chains (including long and short supply 
chains) (Kneafsey et al., 2013) making farm management more complex and increasing 
workload. In addition, in market-gardening farms, a growing involvement in SSC is said to go 
hand in hand with crop diversification in order to provide a range of products fitting consumer 
requirements (Navarrete, 2009; Aubry et al., 2011). Such a crop diversification also adds 
complexity to farm management but can result in crop management simplification (Aubry et 
al., 2011). Besides, marketing standards are said to be more flexible regarding cosmetic 
standards but more demanding regarding taste, which can foster changes in crop 
management (Bressoud, 2010). Combined with crop diversification, this has been described 
in some cases as leading directly or indirectly to input use reduction (Navarrete, 2009; 
Bressoud, 2010; Aubry et al., 2011; Petit, 2013). All these observations remain scattered and 
were not assessed at medium and long term: there is a lack of baseline and horizontal data to 
discuss thoroughly the benefits and drawbacks of SSC at different scales (Kneafsey et al., 
2013). Our studies aimed therefore (i) at analysing why and how market-gardening farms 
involved in SSC evolve over time and (ii) at assessing their current sustainability. 

Materials and Methods 

Data collection: surveys on market-gardening farms in the South of France 
 
Comprehensive surveys were conducted from April to July 2015 in 28 market-gardening farms 
located in two areas of the South of France which represented different dynamics: (1) the 
Roussillon plain, located around Perpignan (urban area of about 305,900 inhabitants), and (2) 
the peri-urban area around Toulouse (urban area of 1,270,800 inhabitants). The Roussillon 
plain, located in the Eastern Pyrenees plain used to be a major market-gardening production 
basin in France and hosts the Saint Charles international hub for marketing, transport and 
logistics of fruits and vegetables. The production basin is however nowadays in decline. The 
peri-urban area of Toulouse is influenced by the presence of a major urban area and by the 
presence of a national wholesale market. Farms were sampled according to the following 
criteria: (i) market-gardening represented a significant share of the farm income generating 
activity (at least 50% of the revenue); and (ii) farmers managed the farm for at least five years. 
In addition, the sample was built to cover a range in marketing strategies (SSC with no 
intermediary, SSC with one intermediary, long supply chain (LSC)) and in crop management 
styles (conventional, low input, organic farming). Farm sampling in the Roussillon plain 
benefited from surveys carried out in 2006 (Godard, 2006) or 2010 (Demarque, 2010). 
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Figure 1. Location of the studied areas: (1) the Roussillon plain, (2) the Toulouse peri-
urban belt.   (Source: © Geoportail) 

 

Table 1. Main characteristics of the sampled farms 

 1: Roussillon plain 2: Toulouse peri-urban belt 
Average farm size  
Total 
In market-gardening 
Under shelters1 

 
9 ha 
2.9 ha 
1.1 ha  

 
15.5 ha 
4.8 ha 
0.4 ha 

Number of workers 
(Annual Work Unit 
AWU) 

3.6 AWU 2.9 AWU 

Other farming 
activity  

Arboriculture (73%) 
Viticulture, Livestock - 
poultry, pigs; Plantlet 
production; Aromatic 
plants 

Grain crops (38%) 
Arboriculture 
Plantlet production 
Horticulture 

Crop management 
style 
Organic farming 
Low input 
High input 

 
 
8 
0 
7 

 
 
6 
3 
5 

Marketing chains 
Direct SSC 
SSC with one 
intermediary 
LSC 

 
10 
7 
 
9 

 
12 
9 
 
5 

  1 Unheated high plastic tunnels or multispan plastic greenhouses with soil cultivation 

 

The interviews were semi-structured in order to collect both quantitative and qualitative data. 
They lasted from 1 to 2.5 hours and were recorded. We characterised the current functioning 
regarding farming systems, labour organisation, and marketing outlets with factual data. We 
also examined farmers’ reasons for the current situation and characterised how and why the 
farm evolved since SSC were first used. Four main topics were questioned: (i) the overall 
characteristics of the farm were describe - general history, objectives, family, main activities; 
(ii) the various marketing chains were described by their type, relative importance and 
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distinctive features (e.g. number of intermediaries, location, standards, use of resale, etc.); (iii) 
the market-gardening cropping systems were described by the cropped species, the spatial 
and temporal organisation and the crop technical management. Pest and disease 
management was recorded in more detail because it is a major bottleneck of market-gardening 
with a focus on four species: tomato, cucumber, melon and lettuce; and (iv) production means, 
including land, equipment and labour were questioned: information on labour included the 
number and types of workers and labour organisation. In addition, specific questions were 
asked to assess current farm sustainability regarding (i) working conditions: workload, peak 
work periods and satisfaction at work, and (ii) economic results: current farmer income, 
satisfaction regarding treasury and financing ability. Farmers were questioned as well about 
the main difficulties they faced (technical, economic, organisational, etc.) and about their 
projects for the farm (regarding production, commercialisation, equipment, etc.). 
 

Analysis of farming systems and farm sustainability assessment 
 
Analysis of farming systems 
 
We built a farm typology to characterise current farm functioning (Landais, 1998; Alavarez et 
al., 2014). Based on the surveys, each farm was portrayed through three set of variables 
describing (i) the marketing strategy, (ii) the agronomic strategy, and (iii) the farm production 
means and other structural characteristics. The marketing strategy described the marketing 
chain or the combination of marketing chains used in the farm, as well as the main features of 
the chains. The agronomical strategy was defined with a focus on the market-gardening 
activity by the nature of the crop, their organisation in time and space and their management. 
Farm production means included labour, land and equipment. Three successive multiple 
correspondence analysis (Baccini & Besse, 2004) were performed using R software (R version 
3.1.2, package FactoMineR; R Core Team, 2014) to identify the variables that discriminate 
farms the most. The first analysis allowed identification of the discriminant variables regarding 
marketing strategy. The second analysis allowed the same regarding agronomic strategy. The 
third and final analysis used the previous analysis results to include variables from the three 
sets (Table 2). Based on the selected variables, theoretical types were identified and 
described. 

 

Table 2. Variables used to describe farm functioning 

 Variable Variable description 
Marketing 
strategy 

Share of SSC 1 : SSC in minority, only direct sale  
2 : average share of SSC  
3 : SSC dominant, combined with LSC  
4 : only SSC 

Combination type 1 : only one SC 
2 : from 2 to 4 SC, combining SSC and LSC  
3 : from 2 to 4 SSC  
4 : more than 5 SC, short and long  

Use of resale 0 : no, 1 : yes 
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Agronomic 
strategy 
regarding MG1 
crops 

Crop diversity Weak : 2 to 5 species  
Average : 6 to 17, seasonal difference  
High : 15 to 30, all year long  
Very high : more than 30 

Crop spatial 
organisation 

Balanced, With niches, Specialised 

Use of crop 
rotation 

None, Only for specific crops, Occasional, 
Systematic 

Crop protection2 1 : chemical pesticide only, used systematically or 
after detection 
2 : chemical pesticide and biological control 
products, used systematically or after detection  
3 : biological control products only, used 
systematically or after detection 
 4 : biological control products used only after 
detection or no intervention 

Structural 
characteristics 

MG1 area / total 
farming area 

1 : 0 to 30%  
2 : 31 to 60% 
3 : 61 to 100% 

Sheltered crop 
area / MG1 area 

1 : 0 to 10%  
2 : 0.11 to 0.30%  
3 : 0.31 to 100% 

Other farming 
activity 

None, Grain crops, Perennial crops, Diverse 

1Market-gardening; 2: Focus on tomato, cucumber, melon and lettuce 
 
Farm sustainability assessment 
 
To our knowledge, no existing assessment methods account for the specific features of 
market-gardening farms (e.g. diverse production systems including protected crops, high crop 
diversity, lower field and farm size, diverse marketing chains, labour intensive systems , etc.). 
We therefore built a sustainability assessment framework based on existing French methods, 
namely the IDEA method (Zahm et al., 2007, 2008), the GEDEAB method (Favreau, 2013) 
and the RefAB framework (Fourrié et al., 2013). We also used the framework proposed by 
Navarrete et al. (2015) for market-gardening systems. Our assessment framework included 
three dimensions: the agro-ecological dimension, the economic dimension and the socio-
territorial dimension; 10 components; and 28 indicators (as shown in Table 3). The 
components and the indicators (including the scoring system) were either directly or indirectly 
derived from the methods and frameworks cited hereinabove. When necessary, they were 
adapted to the studied farming systems and to the data available from the surveys. Each 
indicator was quantified with a numerical score and the scores of indicators belonging to the 
same component were added. Assessment results were analysed in two ways: (i) scores were 
computed for each component and each farm; and (ii) for each farm type of the functional 
typology. 
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Evolution trajectory analysis 
Timelines were built for each surveyed farmer according to Moulin et al. (2008) to represent 
for each of the four questioned topics how the farming system changed, i.e. the evolution 
trajectory. Timelines displayed evolutions of the marketing strategy, of the agronomical 
strategy and of the production means. Interactions between marketing, agronomical and/or 
production means dimensions were shown as well. Coherence phases were defined on the 
timelines as periods where the marketing strategy and the agronomical strategy were relatively 
stable and consistent. Coherence phases referred therefore to a general coherence of farm 
organisation and management (Moulin et al., 2008). We hypothesised that the evolution of 
marketing strategies on one hand and of agronomic strategies on the other were key elements 
to analyse farming system evolutions. We therefore built an a priori typology of evolution 
trajectories based on these two items. In addition, we described the main characteristics of 
the farms representing each theoretical type including farm overall characteristics and farm 
production means. The speed of changes, either influenced by the external environment 
(climatic event, price evolutions, regulations, marketing opportunities, etc.) or internal to the 
farming system (technical or organisational issue, change regarding the household, etc.), were 
identified from the farmer speech and showed on the timelines.  
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Table 3. Farm sustainability assessment framework 

Component Indicator Definition Best 
score 

Source 

Agroecological dimension 
Diversity Diversity of 

annual crops 
Number of annual species cropped 
per year at farm scale 

12 1* 

Diversity of 
perennial crops 

Number of perennial species at farm 
scale 

8 1** 

Organisation 
of space 

Practices in 
favour of 
biodiversity 

e.g. plantation of hedges or flower 
strips, presence of fallow areas 

6 1-4*** 

Cropping 
pattern 

Crop spatial allocation: specialised, 
with niches, balanced 

7 1** 

Crop rotation Type of crop rotation: none, for 
specific crops only, irregular, 
systematic 

7 2-4** 

Farming 
practices 

Crop protection 
practices 

Dependence on chemical pesticides: 
pesticide type, systematic use or not 

12 1** 

Soil organic 
matter 
management 

Frequency and type of organic 
matter inputs 

8 1** 

Use of fossil 
inputs 

Dependence to fossil inputs: 
fertilisers, plastic mulch (including 
recycling) 

10  

Economic dimension 
Income Farmer income Available income per non salaried 

worker (compared to national legal 
minimum wage) 

20 1** 

Robustness Production 
diversity 

Share of the main crop 8 1 

Marketing chain 
diversity 

Share of the main client, use of 
direct sale 

6 1* 

Farm activity 
diversity 

Presence of other activity/ies than 
market-gardening (including agri-
tourism, commerce) 

4 3** 

Autonomy Autonomy 
regarding inputs 

Intensity of external input use (seeds 
and plantlets, fertilisers and 
manures, pesticides) 

4 1-3*** 

Autonomy 
regarding land 

Share of land in property 2  

Independence Treasury Farmer satisfaction regarding the 
farm treasury 

4 4*** 

Financial ability Farmer satisfaction regarding the 
farm financial ability 

4  

Socio-territorial dimension 
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Working 
conditions 

Workload Number of hours per week 
(compared to 40h) 

10 3* 

Work intensity Number of overloaded weeks per 
year (compared to 10) 

10 1* 

Status of 
workers 

Intensity of volunteer, family or 
seasonal work 

5 3** 

Collective work Use of collective equipment or 
services, involvement in professional 
networks  

5 1* 

Quality of life Satisfaction Estimation from farmer speech 10 1* 
Technical 
satisfaction 

Estimation from farmer speech 10  

Adaptation 
capacity 

Farmer adaptation regarding 
weather or economical hazards, or 
other difficulties  

2 3*** 

Transferability 
perspectives 

Probability of farm existence within 
10 years 

3 1* 

Contribution 
to local 
economy and 
life 

Contribution to 
employment 

Land per worker; job creation for 5 
years 

8 1** 

Use of SSC Share of SSC 8 2 
Multifunctionality Presence of agri-tourism, 

pedagogical farm 
4 1* 

Social 
involvement 

Involvement in local professional 
networks, presence of on-farm direct 
sale 

5 2* 

(Source - 1: Zahm et al., 2007, 2008; 2: Favreau, 2013; 3: Fourrié et al., 2013; 4: Navarrete et 
al., 2015 
*** indicates that the attribute targeted by the indicator was derived from previous work(s) 
whereas the indicator definition, calculation mode and parameters were created for our study; 
** indicates that the indicator calculation mode and parameters were adapted for our study; * 
indicates that only the indicator parameters were adapted).  
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Results 
 

 
 

Figure 2. Evolution trajectories and current farm functioning of the 28 farms studied. 
(Left boxes display theoretical farm types when they start to use SSC. Right boxes display 
current theoretical farm types. The number of farms per type is displayed between brackets. 
The six evolution trajectories are displayed between the boxes. The number of farms per 
trajectory is displayed between square brackets).  

Analysis of current farm functioning and of farm sustainability 
 
The multiple correspondence analysis highlighted six discriminant variables. Two variables 
described the marketing strategy: the ‘combination type’ and the ‘share of SSC’. The others 
described the agronomic strategy with variables referring to the level and the organisation of 
crop diversity (crop spatial organisation, crop diversity, use of crop rotation) and the variable 
describing crop protection, which was used as an indicator of the level of input use. Four 
current farm types were built based on these variables (Figure 2). In addition to differences 
regarding marketing and agronomic functioning, they also differed regarding production 
means. They differed as well regarding sustainability assessment results (Table 4).  

The first type, named ‘Limited use of SSC’, grouped together six farms that combined on-
farm sale with LSC. They were the biggest farms of the samples regarding the total farming 
area (median: 18 ha) and the number of workers (median: 6.2 annual work units AWU). The 
share of sheltered crops was low (<15%). Another farming activity was important regarding 
the dedicated area or the share within the revenue: arboriculture (three farms), grain crops 
(two farms) and aromatic plants (one farm). Crop diversity regarding market-gardening crops 
on one hand and regarding perennial crops on the other hand was low to moderate. These 
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farms used on average a high input management style. One farm had recently converted to 
organic farming but still relied on a high use of organic inputs. As a consequence of the cited 
characteristics regarding crop diversity and input use, agro-ecological sustainability results 
were mediocre. Socio-territorial sustainability was contrasting. Working conditions were 
assessed as mediocre due to high workloads. On the other hand, the contribution to local 
economy was assessed as moderate and life quality was assessed as correct. Economic 
sustainability was contrasted as well. Autonomy was assessed as poor. On the other hand, 
results regarding income and economic robustness were average, and economic 
independence was assessed as correct.  

The second type, named ‘Hybrid strategies’, grouped together seven farms that displayed a 
balanced combination of SSC and LSC since LSC appeared to be as important as SSC based 
on the farmer speech. SSC with one intermediary were frequently used and sometimes 
combined with direct sale (market or on-farm shop). Total farming area amounted to 3.2 ha 
and was lower than the sample median value. Market-gardening occupied on average 50% of 
the total area. The number of workers amounted to 2 AWU that corresponded to the sample 
median value. Assessment results were close to the one of the first group regarding agro-
ecological and socio-territorial sustainability. As for economic sustainability, results were close 
regarding robustness and autonomy but lower regarding income and independency. 

The third type, named ‘Multi SSC’, combined LSC and SSC as well but stood out since it 
grouped together five farms that combined various SSC including direct sale (on-farm shop, 
on-farm picking market) and SSC with one intermediary (grocer, collective producer shop, out-
of-home catering). Total farming area (median: 11.4 ha) and number of workers (median: 4 
AWU) were higher than the sample median values. The share of market-gardening area in the 
total farming was high and amounted to 70%. On the other hand, the share of sheltered crops 
was low (<10%). This type included four organic farms out of five and the fifth one used low 
inputs. Assessment results regarding agro-ecological sustainability were therefore good. 
Results regarding working conditions were poor and similar to the previous types whereas life 
quality and contribution to local economy were good and similar or better to the previous types. 
As for economic sustainability, robustness and autonomy were assessed as good but income 
and independency were assessed as mediocre. 

The fourth type, named ‘SSC specialised’, grouped together ten farms that were involved 
only in SSC and that used either a unique SC based on direct sale (CSA (Community 
Supported Agriculture) network, on-farm shop) or only one type of SSC (CSA networks, 
grocers). Eight farms out of ten were involved in CSA networks. Except for one farm with a 
large area dedicated to grain crops, they were characterised by low farming areas (median: 
3.1 ha). Market-gardening occupied 50% of the total area and the share of sheltered crops 
was average. The number of workers amounted to 2 AWU. This type included seven organic 
farms and two farms using low inputs to fulfil the CSA network standards. Four farmers began 
their activity between four to six years ago. A particular profile was included in this group. It 
was a farmer close to retirement who used to combine a LSC with an on-farm shop and who 
currently maintained the on-farm shop only but was involved at the same time in his son’s 
business. Sustainability assessment results were close to the ones of the previous group. The 
most significant difference concerned economic independence, which was assessed as better 
and could be related to the important presence of CSA networks in this group. 
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Table 4. Farm sustainability assessment results. Each score is relatively coloured from red 
to green based on the best scores defined for each component. 

 

Evolution trajectories 
 
We characterised six evolution trajectories (Figure 2). Examples for each trajectory are 
displayed in Figure 3. Three main change drivers were identified from the evolution 
trajectories: opportunities (access to new chains, farm extension), dissatisfaction regarding 
how SC worked, and difficulties regarding crop management or labour organisation. 

Two trajectories depicted mainly changes related to the level of crop diversity. The most 
encountered trajectory (seven farms) depicted an increase in the level of crop diversity 
(example in Figure 2a). Two types of farms were concerned. The first type grouped together 
farms that used to market through LSC only before developing an on-farm shop. They 
diversified crops to supply the on-farm shop but the use of SSC in the farm remained on 
average limited. Crop management was based on a high use of inputs all along the trajectory. 
They belonged currently to the types ‘Limited use of SSC’ and ‘Hybrid strategies’. The second 
type grouped together farms dedicated to SSC that increased crop diversity to supply CSA 
networks or an on-farm shop as a unique marketing chain. In that case, crop management 
was mainly based on a low use of inputs all along the trajectory. They belonged currently to 
the type ‘SSC specialised’. On the other hand, four farm evolution trajectories were marked 
by a reduction in the level of crop diversity (example in Figure 2b). In these farms, SSC 
with one intermediary were present or dominant. They highlighted also total farming areas and 
market-gardening areas lower than the sample averages. In two farms, the reduction in crop 
diversity was related to the development of a resale activity combined with a production 
volume increase for the remaining crops. They belonged currently to three different types: 
‘Limited use of SSC’, ‘Hybrid strategies’ and ‘Multi SSC’. 

Regarding marketing, three trajectories were observed. First, four farms simplified their 
marketing strategy to supply one or two CSA networks and belonged currently to the type 
‘SSC specialised’ (example in Figure 2c). In two cases, they went along with an increase in 
crop diversity and a reduction in input use to fulfil the CSA network standards. On the other 
hand, three farms diversified their marketing channels (example in Figure 2d): they were 
from the beginning significantly or entirely involved in SSC but increased the number of SSC 
types in their strategies and belonged currently to the type ‘Multi SSC’. They were also 
characterised by the use of SSC with one intermediary and/or of a LSC. They had the organic 
farming label or used little inputs. They highlighted total farming areas and market-gardening 
areas higher than the sample averages. Lastly, four farms depicted a redevelopment of LSC 
in their marketing strategy (example in Figure 2e) and currently belonged to the types ‘Limited 
use of SSC’ or ‘Hybrid strategies’. Two types of farms were concerned. The first type 
specialised in one crop (tomato, with several tomato types and varieties) or one crop type 
(aromatic plants) and took advantage of a commercial niche. Farming area was higher than 

Diversity Organisation Farming 
practices

Income Robustness Autonomy Independence Working 
condition

s

Life 
quality

Local

Best score 20 20 30 20 18 6 8 30 25 25
1-Limited SSC 6 5 8 9 9 2 6 9 17 12
2-Hybrid 6 4 11 5 7 3 3 7 14 13
3-Multi SC 16 13 23 6 15 5 3 8 17 17
4-SSC specialized 12 15 21 6 14 4 5 11 20 15

Agroecological dimension Socio-territorial dimensionEconomic dimension
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the sample average. The second type had stopped the use of SSC for the moment due to 
personal issues.  

Eventually, the trajectory named ‘Continuity’ grouped together the remaining six farms 
because no noteworthy changes except adjustments were visible. Two types of farms were 
concerned. Most of them combined SSC and LSC, highlighted high total farming area and had 
another farming activity (arboriculture, horticulture or viticulture). The others were recent farms 
specialised in market-gardening and using mainly direct sales (CSA, market, baskets). 

 
Figure 2. Examples of farm evolution trajectories.  Beyond the farmer number is the 
installation year. Green and dashed numbers indicate organic farming. Main traits of the 
marketing strategy and of the agronomical strategies are displayed respectively above and 
under the timeline. OFS: on-farm sale; CSA: Community Supported Agriculture; F.market: 
farmer market within wholesale market. 

Discussion and Conclusion 
Our results highlighted a high diversity of situations regarding the evolution trajectories, the 
current farm functioning and the sustainability assessment results. We observed diverse 
configurations of involvement in SSC and in two farms out of three, one or several SSC were 
combined with LSC. We therefore observed a SSC-LSC continuum comparable to the local-
global continuum highlighted by Brunori et al. (2016). Compared to the farms of the samples 
that used to be involved in LSC only, market-gardening farms involved in SSC were more 
diverse and more complex. However, the level of diversity and complexity differed strongly 
according to the farm profiles. Regarding marketing strategy, the less complex farms belonged 
to the type ‘Limited use of SSC’ and paradoxically also to the type ‘SSC specialised’, i.e. to 
opposite types regarding the involvement in SSC. Farms within these types also differed 
strongly regarding other criteria, with on one hand large farms with an important workforce 
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and a limited crop diversity, and on the other hand small diversified farms with a limited 
workforce. Half of the farmers of the ‘SSC specialised’ type were involved in simplification 
trajectories regarding marketing or crop diversity, which was probably related to their limited 
means regarding land and labour. Farmers of the ‘Multi SSC’ type managed the most complex 
marketing strategies but they described their strategies as a way to limit risks. These farms 
could count as well on a transitional workforce compared to the other types.  
 
We hypothesised that such a risk limitation was important for them since market-gardening 
occupied on average 70% of the farming area, which was relatively large. Regarding wine 
production, Touzard et al. (2016) observed as well at farm or cooperative level strategies 
mixing local and global chains that were justified by the reduction of local and global risks. 
‘Hybrid strategies’ were actually hybrid regarding the marketing strategy and were transitional 
in our sample regarding the level of crop diversity and the level of input use. However, they 
were closed to the ‘SSC specialised’ type based on farm production means. It should be noted 
that four farmers chose to redevelop LSC, either as an economic choice, or for personal 
reasons. A fifth farmer went further and gave up SSC; he was therefore not included in the 
final sample. He was close to retirement and said that he wanted to make time for his family. 
There were in total five trajectories that pointed out how events from the personal and family 
life could affect marketing choices. 
 
Differences in farm functioning and strategies resulted in differences in sustainability 
assessment results. Farms belonging to the types ‘Multi SSC’ and ‘SSC specialised’ displayed 
on average the best results regarding agro-ecological sustainability, economic robustness, 
economic autonomy and contribution to local economy. It should be noted however that there 
was some heterogeneous results within the types. It should also be noted that the use of SSC 
caused a reduction of input use in only two cases and such a reduction was related to the 
standards of CSA networks. On the other hand, two farms converted to organic farming to get 
access to LSC. Most farms strongly involved in SSC did use organic or low input management 
styles but they did so from the beginning. We nuanced however our analysis since our surveys 
did not focus specifically on crop management style and were maybe too vast to track down 
every change regarding crop management. In any case, diversifying crops did not appear to 
allow directly an input reduction. Besides diversity and crop protection, differences were 
noticeable as well regarding soil fertility management (studied through soil organic matter 
management) and were in favour of the ‘Multi SC’ type. This type and the ‘SSC specialised’ 
type displayed better results regarding the use of fossil resources (studied through the use of 
chemical fertilisers and plastic mulch). Our analysis did not include logistic aspects and their 
impact on the use of fossil resources. However, in the surveyed sample, SSC were local 
chains as well based on a 100 km radius. 
 
As for the other sustainability dimensions, farms belonging to the types ‘Multi SSC’ and ‘SSC 
specialised’ displayed as well on average the best results regarding economic robustness, 
economic autonomy and contribution to local economy. On the other hand, regardless of the 
types, most farms displayed similar sustainability issues regarding income and working 
conditions, although life quality was assessed as correct to good. This apparent contradiction 
pointed out the need to put assessment results in perspective with farmers’ global aspirations 
and with the means implemented to meet their aspirations. This is in accord with the 
proposition of Galli et al. (2016) to further develop the combination of hard, i.e. quantitative, 
and soft, i.e. qualitative indicators.  
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To go into the economic analysis in depth, our study would have benefited from an analysis 
of the economic efficiency but our survey targeted a static and a dynamic analysis carried out 
on complex farms and did not allow for inclusion of that dimension. However, the static and 
dynamic analysis complemented one another and the dynamic analysis brought a different 
perspective to the sustainability assessment. Analysis of the evolution trajectories in our 
samples showed that several farms came across difficulties due to internal (technical, 
organisational or personal issues) or external (e.g. extreme weather event, drop in prices, land 
pressure) issues. They proved however to be resilient since they were still in activity, although 
the future of at least one farm was seriously questioned. Yet the main change drivers identified 
from the evolution trajectories referred to two types of flexibility (Chia & Marschesnay, 2008). 
The motor named ‘opportunities’ (access to new chains, farm extension) referred to a 
proactive flexibility. On the other hand, the motors ‘dissatisfaction regarding how SC worked’ 
and ‘difficulties regarding crop management or labour organisation’ referred to a reactive 
flexibility. Within the observed trajectories, both type of flexibility frequently alternated, 
although some farmers could be qualified as more proactive based on the change drivers they 
cited. Combining the static and the dynamic analysis allowed identification in each type and 
following Darnofer et al. (2010): (i) farms involved in an exploitation strategy that were in a 
relatively stable phase; (ii) farms involved in an absorption strategy facing external changes 
without modifying strongly their functioning; (iii) farms involved in an adjustment strategy; and 
(iv) farms involved in a transformation strategy characterised by a major realignment of their 
resources. Being in an exploitation or in a transformation strategy affects very probably farm 
sustainability and it would have been valuable to further include this aspect in our analysis. 
 
On the whole, our study highlighted the need to account for different sources of diversity in 
the assessment of short food chains, especially regarding farm functioning and farm evolution. 
Sustainability assessment methods would be improved by including more indicators reflecting 
these two aspects, to account for the systemic properties of farms on one hand, and for the 
evolutionary character of sustainability on the other. However, assessment tools and 
frameworks will always encounter limits. As pointed out by Brunori et al. (2016), sustainability 
assessment can be a tool for encouraging transition. The design of an assessment tool would 
therefore also be improved by including at the beginning the ability of the tool to facilitate 
transition towards sustainability. 
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Workshop 3.3: Pathways for land-use: the sustainable avenue of agroforestry 
Convenors: Paul Burgess, Jo Smith, Rosa Mosquera Losada, Mike Strachan, Helen Cheshire, 
Dirk Freese, Piero Paris and Jim Waterson 
 
Society requires land managers who can profitably provide food, fibre and bio-energy in a 
socially and environmentally responsible way.  In the context of increased demands on land 
use, this workshop argued that segregating land use into either “agriculture” or “forestry” is 
self-defeating. For individual businesses, practices such as wood-pastures, grazed orchards, 
biofuel hedgerows, shelterbelts, woodland eggs and woodland grazing can provide additional 
revenue and often welfare benefits. At a landscape level, appropriate integration of trees with 
farming can increase carbon storage, reduce runoff and nitrate leaching, and enhance 
biodiversity.  This workshop sought presentations from potential speakers who are 
successfully integrating trees with farming.  Locally, this was anticipated to include work by 
the Woodland Trust and Harper Adams University on tree browsing on dairy farms and the 
use of shelter-belts.  Within Europe, the workshop sought presenters from research projects 
such as “AGFORWARD” which is promoting agroforestry and working with about 800 farmers 
and other stakeholders across 15 countries and 26 institutions across Europe 
(www.agforward.eu).  We invited presentations on the technical, economic, social or policy 
aspects of agroforestry, and particularly welcomed presentations which emphasised practical 
applications. 
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Consumer perceptions and behaviours regarding traditional pork products from 
agroforestry pigs in Veneto region (north-east Italy) 
 
Bondesan, V.1, Sartori, A.1, Ricardi, F.1 and Burgess, P.J.2 
 
1 Veneto Agricoltura, Regional Agency for Agriculture, Forestry and Food Sectors, Italy 
2 Cranfield University, UK  
 
Abstract: Outdoor free-range pig production is rare in the Veneto region of Italy and where it 
exists it is mainly linked to organic farming. Farmers who use agroforestry systems for pig 
production often process a large proportion of meat on-farm and they expect to receive a 
premium price from consumers for products such as traditional fermented salami. In order to 
understand consumer perceptions and behaviours towards agroforestry pigs, an investigation 
was undertaken which involved 387 consumers associated with nine local fair-trade groups 
that usually purchase products directly from farms. Although this sample does not represent 
all consumers, it provides information about consumers choosing “environment-friendly 
agriculture” such as organic or agroforestry systems. Questionnaires composed of 12 specific 
multiple choice questions plus questions, for example, regarding age, activity, education and 
income were completed by consumers who had just seen a brief presentation on the main 
benefits of agroforestry systems for environment, pig welfare and product quality. Preliminary 
results indicated that the majority of respondents (74%) knew little about the positive effects 
of agroforestry.  Nevertheless they were interested in the capacity of trees to reduce nutrient 
leaching in the soil and water (67%), increase carbon storage (43%) and improve pig welfare 
(37%). Agroforestry applied in an organic farming context appeared to be more valuable than 
agroforestry applied with conventional agriculture. People who had already eaten farmhouse 
fresh pork and processed salami from an outdoor free-range organic system thought that the 
quality was better than similar factory-produced products available in conventional retail shops 
and supermarkets. A majority of them (68%) believed that higher quality traits depend mainly 
on breed, feeding and processing techniques, whilst 23% thought that quality was linked to 
the presence of trees, improved welfare and a “natural” environment. Three main consumer 
groups were identified in terms of the responses to premium prices.  A majority (54%) was 
unwilling to pay a higher price, a second group (34%) was willing to pay an additional 10-15%, 
and only 12% were willing to pay a premium of 20-25%. Answers about the premium price are 
not surprising considering the high price of farmhouse organic salami which costs about 30-
50% more than similar organic products in a specialised retail shop. However, a small 
premium price (10-15%) could be achieved by farmers who promote organic agroforestry 
systems for fattening pigs if combined with an appropriate information campaign for targeted 
consumers. 
 
Keywords: Consumers, agroforestry, pigs, salami 
 

Introduction 
Farm pork processing and salami production have a long history as traditional Italian 
agricultural activities (Grazia et al., 2011) to supply food for family use or for sale in local 
markets. Although pig production intensification and new hygiene rules covering processing 
have negatively affected traditional production, recently there has been an increased market 
demand for farmhouse salami. In the Veneto area in north east Italy, farm pork processing 
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and salami production have been increasing steadily over the last fifteen years. This 
production is mainly associated with multi-functionality farm activities such as agri-tourism 
including the development of restaurants and farm shops. More recently a Regional law 
(DGRV n. 1070/2015) has supported an earlier initiative to promote conservation of traditional 
farmhouse food processing and redefined indications and procedures for farm product 
processing (such as salami, honey, vegetables and bread) under the control of a local health 
authority. As regards pork, each farm can process a maximum of 30 fattened heavy pigs (that 
have to be grown and fattened on farm) during the cold season (from November to February) 
according to traditional practice. In the Veneto area, there are fermented salamis and not-
fermented salamis (made with a single anatomic cut of meat such as from the neck region, in 
the “ossocollo”). The recipes change from one area to another, using different spices (such as 
black pepper, garlic and fennel seeds) or mixes of meats (pork and sheep or pork and beef, 
especially in the mountain areas), or different periods for ripening and maturing. 
 
On these farms, piglets are bought at 35-50 kg from sow-farm units, normally during late winter 
or early spring, and fed until they reach 180-200 kg or more.  This takes 9-10 months 
depending on the breed and the feed. Pigs are kept indoors with free access to a large 
paddock or outdoors in a free-range system, in one or more groups, and fed ad libitum or 
restricted depending on weight. Outdoor free-range systems have become more common 
recently due to the lower costs for animal huts, manure management and better standards of 
pig welfare and with more “natural and traditional” attributes which meet general consumers’ 
requirements. While kept outdoors, growing pigs normally use marginal or less productive 
areas either in lowland or low mountain valleys. The pasture often includes existing areas of 
bushes and trees. In designed agroforestry systems, specific trees grown for bio-energy such 
as poplar, black locust, or willow can be intercropped with grass or arable crops such as peas, 
barley and sorghum. 
  
There is an increasing interest in agroforestry for pig production; both conventional and 
organic farmers, who have participated in stakeholder workshops, are willing to establish 
agroforestry systems to fatten pigs (Bondesan, 2014). They have highlighted that integrating 
trees can improve pig welfare during hot weather (due to shade reducing temperatures and 
the provision of stimuli for rooting behaviour), help reduce the leaching of manure nutrients 
and, in some cases, the trees can provide fodder (including chestnuts and acorns) in the 
autumn-winter months. 
 
Perceived negative aspects of agroforestry pig production include an increased complexity of 
work (handling pigs, feeding management) as well as the possible interaction with wild boars 
(with safety risk for the products) and young tree damage (from rooting, scratching and cork 
baiting). Farmers who implement agroforestry for pigs normally expect to receive a premium 
price for their pork products, mainly from consumers who put specific value on “animal friendly 
and more sustainable agriculture” systems.  However that expectation may not be achieved 
considering the very competitive market segmentation for “high quality” meat products and the 
existing stratification of protected designation of origin (PDO), protected geographic indication 
(PGI), and organic quality standards and labels. 
 
Short food chains are the preferred way to sell farmhouse salami, normally through farm shops 
(while offering other fresh or processed products), local farmer markets, and to solidarity (or 
fair trade) purchasing groups (SPG). SPGs are particularly attractive to farmers because the 
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groups can encourage production, in terms of quantity and types of salami (during the 
processing season), they can ensure larger quantities are sold at each purchase, and they 
can assure purchases through the whole year. SPGs can also help consumers meet their 
expectations in term of ethical, environmental, and animal welfare standards, whilst providing 
high quality products at reasonable prices (Brunori et al., 2012; Zander et al., 2013). In the 
Veneto region, farmer markets have been increasing in popularity in the last five years, thanks 
to the work of local councils and increased consumer demand for local food (zero km food 
origin). According to Rossetto (2015) the Veneto region boasts about 80 local farmer markets 
with a large variability in structure, size, the number of days per week, the type of food offered 
and the number of farmers involved. The report indicates that more than 450 farmers are 
selling products through farm markets, and about 1.2 million consumers have purchased food 
there, with an estimated value of €15 million. The most popular products are fresh vegetables 
(more than 52%), while meat, processed meat (fermented salami) and cheeses reach 10-12% 
together. It seems more difficult to collect data from the 90 SPG who are operating in the same 
area; some are quite significant (more than a 100 families-participants) and dynamic (weekly 
ordering and requiring food delivery) whilst others are small (less than 20 families) and operate 
only a few times each year for specific purchases such as extra virgin olive oil, fresh meat, or 
wine. The total of estimated regional value of annual SPG purchases is about €5 million. It is 
interesting to notice that fresh vegetables still represent a large proportion of purchases (about 
60%), but fresh meat and processed salami can reach 30%; this is three times the proportion 
achieved through farm markets. This suggests that many consumers that choose farmhouse 
products buy fresh meat and salami through the SPG system.  
 

Objectives and Methodology 
An investigation was undertaken that involved nine SPGs of average size (between 42 to 65 
families) based in the Veneto area (2015), to identify the issues regarding agroforestry pig 
production and to find more information about niche consumer interest in pork products. A 
multiple choice questionnaire was completed by consumers during the SPG general meeting, 
after a short presentation and discussion about different agriculture and animal production 
systems. 
 
Data from the collected questionnaires were analysed in order to obtain information on 
consumer understanding and perceptions about the main aspects of agroforestry and related 
pork products (preliminary results). Further data on consumer behaviour, derived from the 
same SPG samples, towards fresh pork and processed salami, will be collected with feedback 
from farmers and suppliers at the stakeholder panel. 
 

Results 
A total of 403 consumers’ questionnaires were collected, 387 of them were considered to be 
correctly filled in and were used for data analyses. A demographic description of the analysed 
sample is shown in Table 1. 

Attitude towards the local food chain 
Of the nine SPGs, three were based in a city area (with more than 30,000 inhabitants) and six 
were based in medium-small towns (with less than 10,000 inhabitants). The consumers from 
these two groups seemed to have similar purchasing attitudes, although suburban consumers 
showed a higher monthly purchasing frequency of food from SPG and farm markets than 
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people who live in rural areas (2.8 vs 2.3). Generally, they prefer to buy fresh vegetables, fruit, 
cheese, processed cereals (such as flour and rice) salami and fresh poultry (the whole 
chicken) approximately once a week at a local farmer market. Selected vegetables and fruits 
(that are easy to preserve at room temperature in cold seasons, such as potatoes, onions and 
oranges), bottles of wine, and fresh pork or beef were purchased a few times each year 
through a SPG. As regards fresh pork, families usually buy it from SPG during the cold season, 
with an average of 1.6 purchases of 6.8 kg each (usually bags of fresh meat weigh 5 kg, 
including 4-5 different meat cuts and fresh sausages). The family food basket, from SPG or 
farm markets, included fermented salami (of different types, size and ageing) every two weeks 
(23%), once a month (27%) or a few times a year (33%); 17% of consumers sampled do not 
buy any of them (they do not like the product or are vegetarians). Salami consumption is higher 
during coldest months; in winter bigger purchases are often programmed (on average 3.6 kg 
each) because of the large variety of types available on the farm and for traditional winter 
dishes (such as cotechino, a fermented pork rind salami, to be eaten boiled). During spring-
summer, salami consumption decreases, and the products are often bought at local farmer 
markets rather than from SPG; the average purchase is half/one piece of 0.6-0.8 kg in weight. 
 
Table 1.  Demographic characteristics of participants (total N = 387) 
 

      Count Proportion (%) 
Age  18-30 years 32 8.3 

  31-40 years 87 22.5 

  41-50 years 123 31.8 

  51-65 years 102 26.4 

   >  66 years 43 11.1 
Gender  Female 220 56.8 

  Male 167 43.2 
Cohabitation  Single 46 11.9 

  Living with family 341 88.1 
Number of persons 1 46 11.9 
in household  2 93 24.0 

  3 136 35.1 

  4 98 25.3 

  5 + 14 3.6 
Number of children 0 122 31.5 
(under 14) 1 143 37.0 
in household  2 79 20.4 

  3 32 8.3 

  4 + 11 2.8 
Gross annual  Below  25,000 27 7.0 
household 25,000-34,999 96 24.8 
income   35,000-49,999 144 37.2 
(Euro)  50,000-64,999 78 20.2 

  65,000 and above 42 10.9 
Education  Up to 8 years of schooling 46 11.9 

  9 or 10 years of schooling 73 18.9 

  13 years of schooling 182 47.0 

  Higher education (university) 86 22.2 
Occupation  Unskilled labour 28 7.2 

  Skilled labour  96 24.8 
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  White-collar 81 20.9 

  Self-employed 44 11.4 

  Helping in family business 37 9.6 

  Unemployed 25 6.5 

  Retired 58 15.0 

  In education 18 4.7 
Area of residence Rural 223 57.6 

  Urban 164 42.4 
 
 
As expected, gender and age differences were also observed as regards consumption; female 
and younger consumers show a lower attitude and preference for traditional salami, probably 
due to health reasons such as considering salami to be too fatty or salty. 

Understanding of low input and organic agriculture 
The majority of sampled consumers (72%) prefer local food chains, since they associate those 
products with positive quality traits and consider them to be fresher, less manipulated, coming 
from a sustainable system and reliable farmers; in addition, competitive prices may be 
obtained buying stock through SPGs. However, only 37% of consumers clearly understood 
the differences between low-input, organic and conventional systems. In fact, the majority of 
them seemed quite confused when other aspects of food production systems were included 
and discussed. The remaining 27% of sampled consumers would buy food only from organic 
farms, especially fresh vegetables, fruit and processed cereals; for them organic standard 
specifications are quite clear and well defined. The main standard of organic production of “no 
chemical fertilisers and pesticides use” was often mentioned as a link between safe and 
healthy products, and it represented a key reason in purchasing decisions. 
 
As regards food of animal origin (fresh or processed) consumers usually perceive less 
differences between low-input and organic systems; it seems that concepts such as “no GMO 
feed”, “free-range rearing” or “local breed” as well as “grazing system” acquire more 
importance than official standard certification and labelling. Again the sample consumers 
showed gaps in knowledge when items such as “type of veterinary therapy”, “animal welfare” 
and castration of male pigs were discussed. 

Understanding of the benefits of agroforestry 
Agroforestry was considered a new production system by the large majority of the interviewed 
consumers (74%), and they were able to understand the main positive effects on the 
environment, products and farming. Systems efficiently combining trees and crop production, 
or tree-shrub areas for animals, were more appreciated by the “older”, “higher educated” and 
“organic driven” consumers. Consumers (67%) think that the effects of trees in reducing 
nutrients leaching in the soil and reducing underground water contamination are “important” 
or “very important”; 43% of them also identified the positive impact of the carbon storage 
capacity, although carbon footprint in food production (carbon emissions, greenhouse gas 
effects) were unclear for the majority of consumers.  
 
In general the consumers were less able to identify other agroforestry benefits such as the 
improvement of natural biodiversity, soil erosion prevention and the positive impacts on 
landscape views; all these claims were underlined as “less important” or “not important”. The 
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presence of trees (including providing shade and microclimate regulation) to improve animal 
welfare was considered as a positive aspect (37%). 

Understanding the effects of agroforestry on product quality 
The large majority of consumers who appreciate fermented salami from farmhouse production 
have specific desires in terms of quality: good taste and flavour, general product appearance 
(colour, lean meat/fat ratio) traditional spicy and/or recipe. The use of artificial preservatives 
(nitrites) or synthetic guts (from collagen preparation), which makes farmhouse salami more 
similar to manufactured production, were poorly perceived by organic consumers and the most 
traditional salami eaters. While consumers discussed the interaction between agroforestry and 
fattening pigs in terms of fresh pork and salami quality, we obtained a large variety of opinions. 
 
The majority of the interviewed consumers (68%) thought that fresh pork and salami quality 
was most connected (“important” or “very important”) to the pig breed, feedstuffs raw 
materials, feeding regime and processing techniques; only 23% of the interviewed consumers 
considered improved animal welfare as well as a “more natural” environment and perhaps 
slower growth associated with agroforestry as a positive condition significantly affecting the 
final product quality. 
 
However, a large majority (81%) of consumers would prefer to buy pork meat from free range 
farming, because they deem that a natural fattening system could improve welfare and animal 
health, and may determine a better meat quality (taste, tenderness, less drip loss). Consumers 
identified major benefits for salami quality from agroforestry fattened pigs when the black pig 
breed is used and large silvo-pasturage fields with oak trees are adopted; this happens in 
other regions (Tuscany, Umbria) where a local pig breed “Cinta Senese” is becoming a sort of 
benchmark for this type of product.  
 
The variability in answers makes it difficult to predict if consumers would pay a premium price 
for agroforestry pig products, as farmers wish. About half of those interviewed (54%) did not 
wish to pay a premium price, while 34% would agree to pay 10-15% more; only the remaining 
12% of them could afford an extra premium of 20-25%. These results may not be surprising 
because agroforestry for fattening pigs in Veneto still represents a niche production system. 
Consumers are largely unware of the system benefits for the environment and animals. Also, 
farmhouse fresh pork and salami already have a premium price if compared with similar 
products from conventional retail shops, since the price is about 1.8-2.5 times more expensive. 
 

Discussion 
Agroforestry represents a new approach in the Veneto area, mainly characterised by large 
conventional and intensive crop and animal production. Certainly agroforestry seems to be 
suitable for small or medium size farms, organic or conventional, that are selling farmhouse 
fresh and processed products directly to the consumers (for example farm markets, SPGs, 
and agri-tourism). Although farmhouse processed salami has increased, agroforestry for free 
range fattening pigs is still a niche production (about 17-20 farms in the Veneto region). 
Undoubtedly consumers who carefully select farm suppliers according to their ethics and food-
nutrition habits, may be interested in the benefits of agroforestry. According to the results of 
this investigation consumers who like eating traditional farmhouse salami, as well as fresh 
pork, would prefer products from agroforestry fattened pigs. Nevertheless, the above-
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mentioned results have shown that the farmers’ expectation of obtaining an extra premium 
price for “traditional salami from free-range agroforestry fattened pigs” seems not to be easily 
achievable especially because of the expensive price of these products. Probably consumers 
need more detailed information, for example on farm-field visits, to better understand the 
general benefits of agroforestry if a price premium is to be achieved. 
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Abstract: In Flanders, the northern region of Belgium, agroforestry systems are increasingly 
recognised as a multi-functional land use that can balance the production of commodities with 
non-material outputs such as environmental protection and landscape amenities. Yet the 
uptake of agroforestry among farmers remains relatively low despite policy incentives such as 
a subsidy programme covering 80% of the establishment costs. To study this implementation 
gap, transition literature was consulted which states that the transition from conventional to 
more diversified farming systems depends on a fundamental change in not only the structures 
and practices, but also the cultures of a societal system. Whereas actors and stakeholders 
may hold a wide range of viewpoints regarding agroforestry (e.g. the form, the feasibility and 
the desirability), policy initiatives typically only address one form of agroforestry. This could be 
a reason why current incentive programmes are not very effective. Therefore in this paper we 
focus on cultures of a societal system, and describe a study design using Q-methodology to 
examine the different narratives and discourses on agroforestry in Flanders. Furthermore, 
general discourses and narratives on agriculture and agricultural policy are related to the 
identified perspectives on agroforestry. This is important since different general discourses on 
agriculture will create different meanings and interpretations of agroforestry and this can help 
identify an enabling environment for agroforestry in terms of research, policy, market and 
economic conditions. 

Keywords: Temperate agroforestry, discourses, narratives, cultures, Q-methodology, policy 

Introduction 
Although the term ‘agroforestry systems’ is relatively new and is often linked to tropical regions, 
the practice of cultivating trees and crops in the same field is also a traditional form of land 
use in north western Europe (Herzog, 1998). In Flanders, the northern region of Belgium, 
examples of traditional integrated land use systems include poplar or willow rows at the border 
of agricultural parcels and standard fruit orchards with grazing livestock. However, through 
scale enlargement and agricultural intensification many of the trees on and between 
agricultural plots have disappeared and as such, traditional forms of agroforestry have 
declined in the Flemish agricultural landscape (Nerlich et al., 2012). However, in recent 
decades, agroforestry systems have been increasingly recognised as a multifunctional land 
use approach balancing the production of commodities (such as food, feed, fuel and fibre) with 
non-material outputs such as environmental protection and landscape amenities (Smith et al., 
2012).  
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Because agroforestry is increasingly recognised as a sustainable agricultural land use system, 
able to address current problems in European agriculture related to climate change and 
dependence on fossil energy and mineral resources, it is currently supported through both 
pillars of the Common Agricultural Policy (CAP). The Flemish government chose to include 
this in Flemish agricultural policy and in 2011 set up a subsidy programme that included a 
payment of 80% of establishment costs. These agroforestry parcels, planted with the subsidy 
programme, are furthermore eligible as Ecological Focus Areas with a weighting of 1, which 
means that the surface area of agroforestry parcels counts as greening area at the full rate. 
Although these measures on first sight seem to be strong incentives for agroforestry 
implementation in Flanders, farmers’ interest in agroforestry remains limited.  Between 2011 
and 2015, about 100 ha of agroforestry were planted (compared with a target to plant 250 ha 
of agroforestry by the end of 2013 in the 2007-2013 Rural Development programme). 

This suggests that supporting the shift from conventional to more sustainable and diversified 
practices in agriculture is neither simple nor obvious. Therefore in 2014 a large interdisciplinary 
research project was initiated in Flanders, with the name ‘Agroforestry in Flanders, an 
economically viable answer to the demand for agroecological production methods?’ The aim 
of this five-year project is to (1) develop feasible and productive agroforestry systems suited 
for the Flemish context and (2) identify the requirements of an enabling environment that 
supports the development of this land-use system. The project recognises that, in order to 
nurture agroforestry systems two kinds of changes are necessary, i.e. (1) multi-domain and 
(2) multi-level changes, which are closely interlinked. The former refers to the fact that not only 
farmers but all actors and stakeholders from other relevant domains have to be consulted and 
taken into account when studying the shift to more sustainable farming systems. The latter 
refers to the structures-cultures-practices triplet put forward by Rotmans (2006) and van Raak 
(2009) in transition literature. It considers structures and cultures as system level parameters 
describing the functioning of the societal systems, whereas practices mediate between them 
and the underlying level of the actors. In this context a transition is considered a fundamental 
change in the structures, cultures and practices of a societal system, profoundly changing the 
way it functions. A summary description of the levels according to Haan and Rotmans (2011) 
would be: 

 Structures: the formal, physical, legal and economic aspects involved in 
restricting and enabling practices; 
 Cultures: the cognitive, discursive, normative and ideological aspects of 
functioning involved in the sense-making of practices; 
 Practices: the routines, habits, formalisms, procedures and protocols by which 
actors (which can include individuals, organisations, and companies) maintain the 
functioning of the societal system. 

A stakeholder analysis that was executed in the summer and autumn of 2015 in the context 
of the project resulted not only in the identification of 15 stakeholder groups with respect to 
agroforestry systems but also gave a lot of clues with respect to structures, cultures and 
practices enabling or hindering the upscaling of agroforestry. This stakeholder analysis is thus 
a starting point to research the different levels of the described triplet in more detail, focusing 
in this paper more on the cultures-level. The stakeholder analysis suggested that between 
different actors a range of different viewpoints exist on different aspects such as the form, the 
feasibility, the desirability and the opportunities of agroforestry in Flanders. These could be 
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one of the reasons that current incentive schemes are not very effective, since they focus on 
and address only one perspective on agroforestry, whereas a wide range of existing 
viewpoints exists. In this paper we therefore elaborate on a study design making use of Q-
methodology to research the different viewpoints on agroecology in Flanders. 

Discourses in agriculture and agricultural policy 
In the context of this research: perspectives, narratives, viewpoints, cultures and discourses 
relate to the same thing i.e. the way people are seeing or talking about something, and which 
reflects underlying worldviews and paradigms (Barry & Proops, 1999). More formally we 
consider here the interpretation of Frouws (1998) who defined discourses as “an organised 
set of social representations, the terms though which people understand, explain and 
articulate the complex, social and physical environment in which they are immersed”. Until 
now, discourse analysis has been particularly useful in analysing the visions that underlie the 
different definitions and approaches to farming and sustainable development in agriculture. 
As such, a range of articles has been published about, for example, rurality perspectives of 
agricultural stakeholders (Frouws, 1998), farmer management styles (Fairweather & Keating, 
1994), and environmental perspectives of farmers (Davies & Hodge, 2006).  

Since general opinions about agricultural food production and policy also have an important 
influence on the view on specific agricultural practices such as agroforestry, it is also very 
useful to look at some general discourses in more detail. Two general narratives with respect 
to agriculture and sustainable food production are given by Freibauer et al. (2011). They 
distinguish between the productivity narrative and the sufficiency narrative. Although both 
narratives endorse the fact that world population is growing, the two narratives relate it to 
different problems and solutions (Freibauer et al., 2011):  

1. Productivity narrative: world population will increase whereas agricultural productivity 
is slowing down because of resource constraints and climate change. Hence, there is a 
serious threat that food demands will not be met in 2050, leading to hunger and political 
instability. New technologies, in particular, can boost productivity by addressing resource 
scarcities and environmental problems. Therefore investment in research and 
development, and increased technology adoption by farmers, are the solutions to focus 
on. 
2. Sufficiency narrative: World population will increase, which will lead to serious 
environmental problems resulting in massive health problems, poverty and conflict. More 
than science, solutions have to be sought in behavioural and structural change in food 
systems and supply chains. Government also has a role to play by addressing 
environmental externalities and the disruptive effects of trade. 

Both narratives start from the same identification of challenges (increasing world population, 
scarcity of resources), but are very distinct from each other when it comes to the definition of 
the problems and processes underlying these challenges and hence also the potential 
solutions. Therefore both narratives shape how people evaluate what is seen as a desirable 
evolution of agricultural production systems, and what types of research, technology, markets 
and policy should surround and facilitate this evolution. The productivity paradigm starts from 
the observation that food production must drastically increase and – since the resources to do 
so are becoming scarce and food production causes environmental externalities – it focuses 
on producing more with less, thus improving the (eco-)efficiency of current production methods. 
The sufficiency paradigm also starts from the observation that a large number of people have 
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no access to enough food and that this number may drastically increase under the status quo, 
but unlike the productivity paradigm with looks for causes and solutions in the production of 
food, the sufficiency narrative focuses more on distribution of food, food systems and 
consumption patterns. According to this paradigm, the challenge is not to produce enough 
food, but to produce and market it in such a way that it reaches those that are most needy. 
This involves the recognition that in some areas of the world there is already enough food, 
and that the challenge is to produce the same amount of food but in a socially and ecologically 
better way.  

Furthermore Potter and Tilzey (2005) also defined three agricultural policy and market 
discourses, which structure the selection and operationalisation of policy measures and 
markets within the agro-food domain: 

1. Neoliberal discourse: agricultural practices are evaluated along the standards of the 
global competitive market economy with a focus on economic growth. Therefore farmers 
are considered real entrepreneurs who have to differentiate, capture value and pursue 
new opportunities;  
2. Neo-mercantilist discourse: agricultural development is associated both with 
protectionism as with a socio-economic solidarity. Rather than an entrepreneur, farmers 
are considered policy takers which serve national interests by ensuring food security; 
3. Strong multifunctionality: agriculture has a key role to play in integrating social and 
ecological processes, which should result in an economically viable agricultural sector. 
The existing power relationships within the agricultural sector should be rebalanced with a 
more important role for civil society. 

These narratives, paradigms or discourses must be seen as a combination of ideas, opinions 
and perspectives that give rise to a certain direction of policy frameworks and measures, 
because they shape what is thought to be the right thing, the problem definition and 
formulation and what are regarded as good solutions. Erjavec and Erjavec (2009) showed that 
the neo-liberal discourse was gaining increasing importance, even though elements of the 
other two competing discourses were sometimes used in communications by the EU 
Agricultural Commissioner to different audiences.   

None of the above discourses have a one-on-one relationship with agriculture and agricultural 
policy. Dibden et al. (2009), for instance, showed that agricultural policy makers in the EU and 
Australia were both supporting a type of agriculture driven by the productivity narrative. 
However, while the EU, although gradually moving towards the neo-liberal stance, 
incorporated several aspects driven by the neo-mercantilist position (trade barriers, heavily 
subsidised agricultural sector), Australia has employed instruments driven by a purely neo-
liberal position (unsubsidised highly productive agriculture). 

These general discourses about agriculture and agricultural policy will be merged with 
perspectives about agroforestry in this study. The motivation for this is the growing recognition 
that the different discourses on agriculture and agricultural policy constitute a certain rhetoric 
that will result in different meanings and interpretations of agricultural practices. As such they 
also imply differences in the enabling environment of these practices, formed by research, 
policy, market and economic conditions. This suggests that in practice, stakeholders adhering 
to different views about agriculture and agricultural policy might hold different or even opposing 
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perspectives about agroforestry, what it is (or should be) and if and how it should be 
incentivised. 

Methodology 

Method: Q-methodology 
Q-methodology, or in shortened form, Q-method, was primary invented and developed by 
William Stephenson in the 1930s to assist in the examination of human subjectivity (Brown, 
1980). Today Q-method usually implies factor analysis or quantitative correlation analysis, and 
tries to unravel different perspectives on a particular subject and to measure the overlap and 
difference between them (Hermans et al., 2012). As such Q-methodology possesses both 
quantitative and qualitative dimensions (Ellingsen et al., 2010) which makes it an increasingly 
popular method for identifying different groups and their shared perspectives and to test 
hypotheses about existing viewpoints in a more quantitative way (Hermans et al., 2012). 

Q-method differs from the more commonly known surveys and questionnaires to elicit different 
discourses. First of all surveys and questionnaires ask respondents to express their opinions 
on isolated statements, whereas Q-methodology identifies respondents’ views on a statement 
in the light of all other statements presented (Cuppen et al., 2010; Dryzek & Berejikian, 1993). 
In this way it addresses the fact that the same words or phrases may mean different things to 
different people, and that statements are generally understood in the context of other 
statements included in the questionnaire or survey (Hermans et al., 2015). Though, in 
comparison to surveys and questionnaires which can easily measure the level of support for 
certain viewpoints, Q-method is more appropriate for giving an overview of the plurality of the 
different discourses that exist (Cuppen et al., 2010). 

A Q-method consists of six general steps. In this and the next section the two first steps in 
executing a Q-method are explained in more detail. The other steps will be implemented in 
the near future and are explained more briefly. 

Step 1: generating the communication concourse  
The first step in a Q-study is to identify the concourse, which refers to the communication 
about a certain issue, here agroforestry. In general the concourse takes the form of a collection 
of statements which should capture the full range of viewpoints and perspectives that different 
stakeholders might have (Hermans et al., 2015). 

In this study, the concourse about the potential for agroforestry to become a common farming 
system in Flanders was created using a combination of several sources. First, we consulted 
the literature about agroforestry adoption and its wider framing as an agro-ecological farming 
practice. Therefore we consulted literature about agroforestry, its feasibility in Belgium (e.g. 
Borremans et al., under review) and literature about agro-ecological transitions (e.g. Duru et 
al., 2015). Furthermore, we consulted the academic literature and non-academic reports 
concerning discourses about farming and agricultural policy. The motivation for this is the 
growing recognition that the adoption potential of a farming system such as agroforestry does 
not just depend on tangible barriers and drivers related to the practice itself and to farm and 
farmer characteristics. It also depends on the enabling environment, formed by research, 
policy, market and economic conditions, including the general narratives on agriculture held 
by influential stakeholders and institutions that determine and define the structures and 
practices put into place. This step in the development of the communication concourse was of 
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a deductive nature, meaning that we had a predefined idea that these perspectives may be 
important and related to the perspectives about agroforestry. Second, we undertook an 
extensive stakeholder analysis to identify a diverse range of opinions on agroforestry. The 
stakeholder analysis took place from June to December 2015. Selection of the respondents 
was firstly based on expert knowledge and participation in previous agroforestry activities. 
New respondents were then selected through a snowball sampling technique. In total 25 
interviews were carried out with the help of interview guides containing questions structured 
around four themes:  

(1) knowledge, feasibility and desirability, and barriers and enabling factors; 
(2) impact of agroforestry development on the stakeholder; 
(3) influence of the stakeholder on agroforestry development;  
(4) other important stakeholders and their characteristics. 

After the interviews in November 2015, two focus groups were organised in which 16 people 
participated. The specific goal of the focus groups was to explore more in depth stakeholders’ 
thoughts and opinions, and uncover new information as respondents now had the possibility 
of reacting to and discussing with each other. Therefore the focus groups were made as 
diverse as possible, with an equal distribution of the respondents among the different identified 
stakeholder categories. The distribution of the 36 respondents that participated in the 
interviews and focus groups over the different identified stakeholder groups is presented in 
Table 1. In the end the stakeholder analysis led to the identification of 6 broad groups of 
stakeholders, but because the stakeholders within a stakeholder group still had a lot of 
differences with respect to interests in and influence on agroforestry, they were subdivided 
into 17 smaller, more uniform stakeholder groups (Borremans et al., under review).  

Table 1. Distribution of respondents over the different identified stakeholder categories 
 

 

Stakeholder group SH subgroups Number of respondents 
Agriculture Farmer organisations 5 9 36 

Farmers 4 
Government European government 0 5 

Flemish government 5 
Local government 0 

Research Euraf-network 0 5 
Flemish research institutions 3 
Practical centres 2 

Civil society 
organisations 

Environmental organisations 6 11 
Landscape organisations 3 
Transition agriculture organisations 2 

Suppliers and buyers Suppliers 2 5 
Buyers 3 
Processors, supermarkets 0 

Society Local residents 0 1 
Landowners 1 
Consumers 0 
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The collected qualitative data were transcribed as soon as possible and afterwards processed 
and analysed in Nvivo11. For generating the communication concourse all the transcriptions 
were explored once more. To triangulate the results of this analysis, some secondary sources, 
such as a range of articles that were published in regional agricultural journals, were examined. 
This second method to construct the communication concourse was inductive, as we used 
exploratory qualitative research to identify all possible perspectives about agroforestry. This 
led to a communication concourse of more than 300 statements. 

Step 2: setting up the Q-sort 
Since a concourse of hundreds of statements is too large to present to participants in the Q-
study, a group of 30-60 statements has to be chosen from the concourse, which is considered 
sufficient to elicit the different existing points of view (Hermans et al., 2012). For selecting the 
final group of statements, i.e. the Q-set, two different approaches exist (Paige & Morin, 2014). 
When no predefined theory exists about the subject of interest an inductive or unstructured 
approach should be used. In this case, the selection of the final Q-set is based on the different 
themes that emerge from the communication concourse. When a deductive approach is 
chosen, the selection of the final Q-set depends on theoretical considerations, i.e. relevant 
concepts derived from a theory or framework. 

In this study design the two different approaches are combined. An inductive approach was 
used to select statements relating to agroforestry, its definition and different forms, its 
feasibility and the factors and actors influencing its breakthrough. These statements were 
primarily drawn from the interviews and focus groups and selection was done (1) based on 
the level of dissensus that was expected and (2) ensuring that all diverse opinions were 
represented. A deductive approach was used to add statements that related to the diverse 
narratives held about agriculture (efficiency, sufficiency) and agricultural policy and markets 
(neo-liberalism, neomercantilism, multifunctionality). Statements were constructed, as 
described above, based on an analysis of peer-reviewed papers and reports. In this step 
statements were selected to represent the whole diversity of different paradigms. 

Table 2. Statements selected in the Q-set 

Perspectives 
on 
agroforestry 
as a 
production 
system 
(type, scale, 
definition) 

1 In the case of agroforestry, an extra layer, which is the tree component, is 
slid into your agricultural system with as little impact as possible on the crops 

2 Agroforestry means achieving the highest productivity in function of the 
circumstances of the plot 

3 Only if it concerns extensive grazed livestock systems are there 
opportunities for agroforestry systems in Flanders 

4 If you are starting with agroforestry, you must dare to choose poplar; you 
must dare to choose species with a high yield 

5 Implementing agroforestry solely with wood production as a motive is naive 
6 Standard fruit orchards are too labour intensive to be economically viable 
7 Agroforestry is only useful on less valuable plots that are too small, too wet 

or too far away 
8 The larger your plot, the more interesting and profitable agroforestry 

becomes 
9 The correct arrangement of the plot and modern GPS technology allows the 

farmer to use his agricultural machines in an optimal way 
10 The agricultural business model in Flanders is aimed at scale enlargement 

and the combination scale enlargement - agroforestry does not fit 
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Perspectives 
on the 
economic, 
financial and 
market 
aspects of 
agroforestry 

11 As long as the profitability of such a farming system is not clear, agroforestry 
has few opportunities in Flanders 

12 Trees on the farm have completely lost their functionality 
13 Trees reduce the value of agricultural land considerably 
14 Agroforestry is not intended to give hobby-farmers an occupation, it really 

must be profitable and economically viable 
15 The consumer does not want to pay extra for products originating from more 

sustainable farming systems 
16 A dynamic where agroforestry could jump on is really the story of farm sales, 

urban agriculture and community supported agriculture 
17 The added value of agroforestry is that it allows farmers to strengthen their 

product specificity 
Perspectives 
on the 
institutional 
aspects of 
agroforestry 

18 A subsidy serves to compensate the farmer for the application of a socially 
advantageous but not very profitable farming system 

19 Due to inconsistencies in agricultural policy which changes year after year, 
farmers don't dare to get involved with agroforestry 

20 The development of agroforestry is very much restrained by the tension 
between the agricultural and the nature sector 

21 The current evolutions in agriculture, such as seasonal tenancy and the 
hiring of contractors, rather counteract agroforestry development 

22 The successive crises in agriculture will lead to a transition to other more 
diversified farm business models with more opportunities for agroforestry 

23 The government should not impose excessive restrictions on how 
agroforestry is implemented and should pursue a more flexible policy 

24 A law should never be able to come into effect which prohibits harvesting 
trees planted in an agroforestry system 

25 The fact that agroforestry plots in Flanders are eligible as an ecological focus 
area, may persuade farmers to opt for agroforestry 

26 The subsidy programme should not just be linked to the trees, but to the farm 
business model and production plan that are completely adjusted to 
agroforestry implementation 

27 Farmers should get a higher fee if the trees they plant imply a higher value 
for society 

Perspectives 
on the 
socio-
ecological 
aspects of 
agroforestry 

28 The benefits of agroforestry are primarily directed to society rather than to 
the farmer himself 

29 Not every additional tree planted in farmland also has an ecological or scenic 
value 

30 A farmer who is innovative, is often viewed with suspicion by his colleagues 
31 A farmer who is 60, will be more reluctant to plant trees than a farmer who is 

30 
32 It is not the role of the farmer to experiment with trees 
33 Agroforestry in the sense of rows of tall trees, have a negative impact on 

wildlife 
34 Trees do not protect against crop diseases, on the contrary, they lead to 

shade and moisture which makes crops more prone to fungi 
35 Agroforestry in itself is a very nice system, but its benefits are applicable only 

in the tropics and regions such as southern France 
Perspectives 
on 
agriculture 

36 The whole story about PAS, IHD and Natura 2000 has exacerbated the crisis 
in agriculture 

37 The most important feature of agricultural innovations should be its effect on 
productivity of food production 
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38 To meet the challenges in the future, it is necessary that farmers should try 
to produce more food with less inputs 

39 The agricultural sector should try to produce better products, with more care 
for the social and ecological impact, rather than more 

40 A subsidy programmes serves to start up the conversion to more sustainable 
agricultural systems, until the market takes over 

41 Farmers receive too few benefits when concluding management agreements 
or implementing agro-environment measures 

42 Land sparing (improving food productivity per hectare of land at (ecological) 
costs so more land can be saved for nature conservation and biodiversity) is 
to be preferred over land sharing (providing both food products and public 
goods such as biodiversity on the same plot of land, with a possible lower 
food production per hectare) 

Perspectives 
on 
agricultural 
policy 

43 The agricultural sector should compete in the free global market, just as any 
other sector 

44 Farming is different from other sectors, and hence should be protected from 
the market by governments 

45 The liberalised and globalised market is not working for agriculture 
46 The production of food and the production of other things such as a nice 

landscape, rural tourism, good environmental conditions should be 
separated: only food production on farm land, everything else somewhere 
else 

47 Farmers are not only producers of food, but also stewards of the land and 
must take into account the environment 

 

Further steps 
The third step consists of selecting the respondents. In Q-methodology, in contrast to R-
methodology (e.g. regular survey methods), the quality depends less on sample size and 
representativeness, but more on the extent to which the whole diversity of possible 
perspectives are captured by the sample. In our study, the respondents will be drawn from the 
six stakeholder groups defined in Table 1. Afterwards the selected respondents will be asked 
to rank-order the statements according to a forced normal distribution, with different positions 
ranging from least to most ‘according to my point of view’. In this way it identifies a small 
number of statements in the extreme categories which characterise the different perspectives 
the most. This fourth step can be done during an interview, in which the normal distribution is 
printed on a large sheet of paper and the statements on small cards, or it can be performed 
online with special software such as the FlashQ software (Hermans et al., 2012). The fifth step 
encompasses a principal component analysis to rearrange the data by identifying and ordering 
components and ranking them according to the amount of variance that they explain from the 
original data. Subsequently a data reduction step will take place by choosing the right amount 
of components and discarding the rest. The sixth last step consists of an interpretation of the 
factor scores. Therefore a number of ‘ideal Q-sorts’ are produced, which will represent the 
different perspectives or discourses, and around which those Q-sorts which come closest to 
these ideals are listed. In the end, the different perspectives are interpreted and described, 
which is facilitated by identifying the most distinguishing statements of the different 
perspectives (Cuppen et al., 2010; Hermans et al., 2012) 
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Expected results 
The expected results of this study are the identification of – idealised – Q-sorts, which 
represent a model discourse indicating the perspectives held regarding agroforestry and how 
they are related with broader perspectives concerning agriculture and agricultural policy. 
Further, the results can potentially indicate which perspectives are more common among 
which stakeholder groups. Using this, implications can be drawn regarding the feasibility of 
agroforestry, its barriers and drivers and how they relate to broader narratives about 
agriculture and policy. We expect to identify different perspectives regarding agroforestry, and 
thus different pathways to transform farming systems into agroforestry systems, depending on 
peoples’ perspectives regarding agriculture and policy. 
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Sugar beet yields in an alley cropping system during a dry summer 
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Abstract: Agroforestry (the integration of trees with crop and/or livestock production) offers a 
pathway to diversify agricultural production. Agroforestry systems have the potential to 
improve on-farm use of water through enhanced soil water holding capacities, the provision of 
shade and the creation of wind shelter. These three characteristics can also improve the 
resilience of agricultural production in response to changing weather patterns. The objectives 
of this study were: 1) to measure how alley cropping systems with varying alley widths affect 
crop microclimate; 2) to measure the effects of this microclimate on sugar beet (Beta vulgaris) 
yields; and 3) to assess how moisture availability affects sugar beet growth patterns. 
Measurements were made in a 70 ha alley cropping system comprising black locust (Robinia 
pseudoacacia L.) and hybrid poplar Max1 (Populus suaveolens subsp. maximowiczii x P. 
nigra). A sugar beet crop was grown during the relatively dry growing season of 2015. Sugar 
beet yields were reduced in close proximity to the hedgerow, but yields were higher at and 
beyond an intermediate distance when compared with those in a nearby conventional 
agricultural field. Moisture availability significantly affected growth patterns of sugar beet roots.  
 
Keywords: Agriculture, agroforestry, Beta vulgaris, microclimate, Populus spp, Robinia 
pseudoacacia 

Introduction 
Silvoarable agroforestry is the mixed cultivation of arable crops and trees on a single parcel 
of land. It has the potential to combine food, feed, fibre and renewable energy production 
(USDA, 2011).  It is also a land management approach that can maintain or increase 
productivity and profitability whilst enhancing ecosystem services. Agroforestry can also help 
control wind and water erosion, minimise water losses from evaporation, reduce nutrient 
losses, and help stabilise soil organic matter (Quinkenstein et al., 2009). 
 
The State of Brandenburg is known for its light sandy soils that are prone to wind erosion. The 
introduction of tree hedgerows within the agricultural landscape can reduce wind erosion 
(Boehm et al., 2014). In addition, microclimatic conditions such as soil moisture, wind speed, 
relative humidity and air temperature can be more favourable for plant growth in crop alleys 
compared to reference crop areas (Boehm et al., 2014; Quinkenstein et al., 2009). 
Evapotranspiration rates can be reduced in close proximity to the trees due to the shelter effect 
(Monteith et al., 1991; Gruenewald et al., 2009), but the tree and crop components can also 
compete for light, water and nutrients. The intensity of interactions between the two 
components is likely to be weather dependent, with water competition being greatest during 
dry and hot summers.  
 
Agroforestry for arable farmers is not a common practice in Germany. However, alley cropping 
for woody biomass production is of interest because of the potential to concurrently provide a 
biomass feedstock and an arable crop. One of the systems, that exists at an experimental 

1468



level, is the integration of rows of fast growing trees, such as poplar or willow, with arable 
crops. Water use for cereal crops such as wheat has been studied in a silvoarable system 
(Burgess et al., 1996), but sugar beet has rarely been researched within the alleys of these 
systems.  
 
Sugar beet is a common crop within arable systems in Western Europe. As part of agroforestry 
systems, sugar beets have rarely been studied. Even though sugar beets can root up to a 
depth of 2 m, their yields can be significantly reduced due to a lack of water (Hoffmann, 2010; 
Bloch et al., 2006). Agroforestry systems that consist of tree hedgerows and crop alleys, also 
known as “alley cropping” systems, can increase soil moisture in comparison to conventional 
agricultural systems (Quinkenstein et al., 2009), and hence such systems, relative to a 
conventional arable system, could improve sugar beet yields during dry years. This study 
aimed to assess tree hedgerow effects on sugar beet. The objectives of this study were: 1) to 
measure how alley cropping systems with varying alley widths affected crop microclimate; 2) 
to assess how tree hedgerows planted at three distances affected sugar beet yields; and 3) to 
assess the effects of drought stress on sugar beet yield.  

Material and methods 
Site description 
The study site is located on a 70 ha area of agricultural land owned by the Agricultural 
Cooperative Forst in Neu Sacro in close proximity to the city of Forst (Lausitz) in Germany. 
The land has been actively used for conventional agriculture during the last decennia. An alley 
cropping system in which the tree hedgerows consisted of short rotation coppice fast growing 
woody crops, poplar (Populus nigra L.× P. maximowiczii (variety Max 1)) and black locust 
(Robinia pseudoacacia) was established on the site in 2010. The poplars did not establish well 
during the first year and were replanted in 2011. The sugar beet yield study took place in the 
western part of the alley cropping system and on a nearby conventional agricultural field 
(Figure 1).  
 

 
Figure 1. Map of the alley cropping research trial at the Agricultural Cooperative Forst 
in Neu Sacro (Lausitz), in Germany. Coloured squares indicate sampling plots for the 
manual sugar beet harvest (map source: Google Maps). 
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The spacing within the hedgerows was four double rows with 75 cm within the double row, 1.8 
m between the double rows and 90 cm within the row. The tree hedgerows are 12 m wide, 
which includes a buffer strip of 1.8 m on both sides. The tree hedgerows were harvested in 
February 2015. The crop alleys are 96, 48 and 24 m wide. The main soil type is Gley-Vega, 
with groundwater levels varying between 1 and 2.5 m below the surface. The top soil is a 
loamy sand and the subsoil pure sand with gravel layers, with clayey areas (Boehm et al., 
2015).  
 
Sugar beet yield study 
The sugar beet crop was sown within the crop alleys and on an adjacent conventional 
agricultural field during the middle of April 2015. A manual harvest of sugar beets at the study 
site took place between 30 September and 6 October 2015. Measurements took place at the 
three western crop alleys of the alley cropping system (Figure 1). Within the alley cropping 
system both crops in close proximity to the tree rows and crops in the middle of the alleys 
were harvested in order to assess tree-crop interactions (Rao & Coe, 1991). For the 96 m and 
48 m wide crop alleys crop plots were measured at 3 m, 12 m east and west of the tree row 
and in the centre of the alley, and for the 24 m wide alley at 3 m east and west of the tree row 
and in the centre. Six replications were carried out for each treatment. Sampling plots were 
approximately 3-5 m² in size and consisted of three sugar beet rows. Prior to sugar beet 
extraction all beets within the sampling plot were counted and the exact plot size was 
measured. These values were required for subsequent yield calculations. For sugar beet 
harvest in each of the plots the following protocol was used: 1) above- and below ground 
biomass of 12 sugar beets were harvested and weighed separately; 2) two sugar beets were 
collected for dry matter determination. From the two beets for dry matter determination 
subsamples were stored in ziploc bags and transported to the laboratory where fresh weight 
was measured and they were dried until a constant weight at 105°C. 
 
Sugar beet drought stress 
The effect of drought stress on sugar beet yields was measured through harvesting 10 sugar 
beets from an area of the field with low water holding capacity and 10 sugar beets from an 
area with higher water holding capacity. These sugar beets were collected on 19 October 
2015. Five sugar beets from each location were sent away to assess sugar (sucrose) content 
polarimetrically at Institute für Produktqualität (IFP). Pictures were taken from a circular cut of 
the remaining sugar beets and these pictures were analysed with the software Image J. This 
software was used to measure diameter and to count the number of cambium rings and their 
thickness. After the pictures were taken fresh weight of the circular and a perpendicular cut 
were measured and afterwards they were dried at 105°C until a constant weight and dry weight 
calculated. 
 
Statistical analysis 
Statistical analysis was carried out using SigmaPlot 12.5 (Systat Software GmbH, Erkrath, 
Germany). Differences in sugar beet yields between the alley cropping system and the 
conventional crop reference site were assessed separately for each of the alley widths with 
two-way ANOVAs (Dunnett’s method). Differences between the drought stressed and non-
drought stressed sugar beets were analysed using t-tests. For all statistical test we used a 
significance level of α = 0.05 unless mentioned otherwise. 
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Results 
Effect of location and alley width on yield 
Long dry spells occurred in May, August, and between the end of September and the 
beginning of October. For the period between May and October 2015, the rainfall received in 
the reference site was similar to that in the three alley widths, although rainfall total tended to 
be smaller in the 48 m and the 24 m alleys (Figure 2). A comparison between the monthly 
precipitation sums between 1985 and 2014 and the measurements in the alley cropping 
system during the 2015 growing season indicated that May and August were much drier than 
normal. 
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Figure 2. Monthly precipitation (May to October) for the reference and experimental 
locations within the Alley Cropping System Research Trial site for 2015 with the 
historical monthly precipitation sums (1985-2014) from a nearby weather station from 
the German Weather Service in Cottbus, Germany  
(ftp://ftp-cdc.dwd.de/pub/CDC/observations_germany/climate/monthly/kl/historical/). 
 
Sugar beet yields tended to show a reduction in close proximity to the tree hedgerow and an 
increase at 12 m and in the middle of the alleys in comparison with the adjacent reference 
crop field (Figure 3A). Significant differences were present between the mean yields in the five 
sampling points and that at the reference site for the 96 m (p = 0.026) and 48 m (p = 0.004) 
alleys. No significant differences among the sampling locations and the reference site were 
measured for the 24 m alley (p = 0.297). Multiple comparisons compared each sample location 
within the crop alley with the reference field (Dunnett’s); significant differences were only found 
between the 48-W-12 and the reference site (p = 0.006).  
 
The dry weight of the leaves tended to show a similar pattern to that for yield.  The dry weight 
of the leaves of the sugar beet crop within the alley cropping system tended to be lower than 
that at the reference site, except for “48-W-12” treatment within the 48 m alley (Figure 3B). 
Significant differences for dry weight of the leaves were present among all sampling locations 
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in the crop alley and at the control site for the 48 m alley (p=0.02). No significant differences 
were present for the 96 and 24 m alleys, p = 0.082 and p = 0.119 respectively. A multiple 
comparisons test comparing each sample location within the 48 m crop alley with the reference 
site (Dunnett’s) showed no significant differences.  
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Figure 3.  A) Dry sugar beet yields ± SE and B) dry leaf yields ± SE for the different alley 
widths (96 m, 48 m, 24 m) for the Alley Cropping Research Trial for 2015 (n = 6). (The 
horizontal dashed lines in both graphs are the mean of the reference site and the dotted lines 
indicate the SE of the mean). 
 
Effect of drought on sugar beet 
Drought stressed sugar beets showed significantly smaller diameters with average values of 
8 cm compared with 12 cm for non-stressed sugar beets (p = 0.015), and narrower cambium 
rings of 1.0 mm compared with 1.2 mm (p = 0.041) (Figure 4). The number of cambium rings 
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was also slightly less for drought stressed sugar beets with 9 compared to 10, but this was not 
significant (p=0.056). Sugar content did not show a significant difference between drought 
stressed and non-stressed sugar beets with a value around 72% (p = 0.103).  
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Figure 4. Different drought stress indicators ± SE for sugar beets: A) diameter of sugar 
beet, B) number of cambium rings, C) cambium ring width, and D) sugar concentration 
dry matter for the Alley Cropping Research Trial for 2015. (Samples were taken from the 
96 m alley from locations where the sugar beets were suffering from drought stress and from 
locations where they were not on 19 October 2015 (n = 5)). 

Discussion and Conclusions 
The tree and crop components of agroforestry systems can compete for light, water and 
nutrients.  
During hot and dry summers, the competition for water is likely to be particularly strong. The 
soils at the Neu Sacro study site are loamy sands (which typically have a low available water 
content) and hence crops in such soils during dry periods may be predicted to suffer from 
drought stress and reduced leaf expansion (Bloch & Hoffmann 2005). However the presence 
of a high water table in most years helps to reduce some of the drought impacts. The 2015 
growing season was drier than an average year, especially in May and August (Figure 2), and 
hence discoloration of the sugar beet leaves was observed before the end of June 2015. 
 
Rao et al. (1998) reported that alley cropping systems can have both positive and negative 
effects on arable crop water availability in dry years. The provision of shelter (and shading) 
can reduce temperatures and evapotranspiration rates.  However the trees can also compete 
for water and intercept rainfall. Our data (Figure 2) provides some evidence that rainfall 
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receipts in the 24 m and 48 m alleys was lower than in the reference and 96 m alley for June 
and July 2015.  
 
At the research site, the hedgerows were harvested in February 2015. Regrowth of the 
hedgerows from the stools started in May and maximum wind speed data showed (data not 
shown) that wind speed was reduced by the hedgerows from the middle of June onward. This 
means that during their establishment phase in May the hedgerow may have had minimal 
effect on the sugar beet. However during the dry spell in August, there was increased 
opportunity for tree-crop interactions particularly in terms of water competition. For example 
Gruenewald et al. (2009) reported lower soil moisture values at a distance of less than 4 m 
from a hedgerow. Our own data showed this trend to be strongest at the windward side 
(dominant winds came from the west), where wind sheltering was lower (Mirck et al., 2016).  
 
The lower water availability in close proximity to the hedgerow was associated with low sugar 
beet yields at a distance of 3 m from the hedgerow (Figure 3). By contrast the higher yields 
often found at a distance of 12 m or greater from the hedgerow could be associated with 
changes in soil and air temperature and evapotranspiration (especially on the leeward side 
due to wind sheltering) (Gruenewald et al., 2009; Boehm et al., 2014). Mirck et al. (2016) 
reported higher soil moisture values on the leeward side of the hedgerow on 27 July 2015. 
The soil moisture content was also high on the leeward side of the 48m alley, where a high 
sugar beet yield was found at a distance of 12 m (Mirck et al., 2016).  
 
Our annual sugar beet yields of 15-25 Mg ha-1 are comparable with non-irrigated and irrigated 
yields of 11-12 Mg ha-1 and 16-20 Mg ha-1 respectively in northern Germany (Bloch & 
Hoffmann 2005). Our leaf biomass values of 2.4 - 4.9 Mg ha-1 tended to be lower than the 
values of 5 Mg ha-1 and 6-9 Mg ha-1 for unirrigated and irrigated sugar beet respectively in 
northern Germany (Bloch & Hoffmann 2005). This difference between root and leaf yields also 
resulted in greater root:shoot ratios compared with the Bloch and Hoffmann (2005) study (data 
not shown). 
 
Growth reductions due to drought stress can be explained in alterations of the root in growth 
and storage capacity (Hoffmann et al., 2010). The width and number of cambium rings and 
total root diameter have been used as growth indicators, in addition sucrose concentration has 
shown a positive correlation with these indicators (Hoffmann et al., 2010). The significantly 
smaller diameters for the drought-stressed sugar beets and their smaller cambium widths 
agreed with results for sugar beets grown under three different water capacities reported by 
Hoffmann et al. (2010). The sugar concentration in our experiment was the same for both 
stressed and non-stressed sugar beets, which can be explained through the results of 
Hoffmann et al. (2010). Hoffmann et al.  (2010) reported greater sucrose concentrations under 
non-stressed conditions compared to stressed conditions for wide rings, but lower sucrose 
levels under non-stressed compared to stressed conditions for narrow rings (Hoffmann et al., 
2010). This could have resulted in an average sugar concentration of wide and narrow rings 
to be the same for stressed and non-stressed beets. 
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Abstract: This paper summarises the main results from a recent research project focused on 
an innovative Alley Coppice (AC) land use system. We report on an AC system comprising 
standard trees for the production of valuable wood and the alley intercropping of short rotation 
coppice trees (SRC) for the production of bioenergy. Much of this work was carried out within 
the European project AgroCop (2012-2014) that combined field experimentation with bio-
economic modelling. Two experimental plantations are located in Italy and France. The first 
plantation (9 years old) was used to study the intercropping of Pyrus spp. and Sorbus spp., as 
standard trees, with poplar SRC. Current measurements do not show any difference in stem 
height between intercropped standard trees and trees in pure plantation forestry. This was 
probably due to shading by the SRC canopy on standard trees. Nevertheless, this light 
competition has improved the stem form of standard trees, with a main bole almost straight 
and free of defects. In France, the poplar SRC crop was established into the alleys of a hybrid 
walnut tree plantation (18 years old) in a system we term: delayed alley coppice. Poplar growth 
was strongly limited by the shade of the walnut trees, although some microclimatic mitigation 
of water stress was observed on poplar shoots during the peak of summer heat. Biophysical 
modelling was conducted with the calculation tool YDEAL, comparing AC (hybrid walnut 
intercropped with poplar SRC) vs SRC monoculture vs walnut forestry monoculture. 
Simulations were performed on a 60 year rotation cycle of AC (harvesting cycle for the 
standard trees), and three cycles of 20 years for the poplar SRC, with triennial coppicing. 
Three growth condition scenarios were studied, namely poor, medium and optimum site 
conditions, mostly according to average yield data of poplar SRC (6, 10 and 15 t dry matter 
ha-1 year-1, respectively). The financial analysis was performed using a calculation tool named 
FinAC. The AC system could be as profitable as the forestry monoculture, in the best financial 
and environmental scenarios, with the wood price determining absolute system profitability. 
AC can provide a landowner with a periodical annual income during the growth of standard 
trees. The feasibility of AC is partly limited by wood market uncertainty, the use of farmland 
for a medium-long period with the same culture, and the current difficulty in estimating AC 
profitability. AC could be used as a temporary system (10-15 years) to improve the stem form 
and wood quality of standard trees.  
 
Keywords: AgroCop project, alley coppice, agroforestry, biomass, LER, NPV 
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Introduction 
A bio-based economy, which produces sources of renewable energy and raw materials, 
requires land use systems which combine the production of food, feed and wood with 
environmental safeguards to mitigate global warming and greenhouse gas (GHG) 
concentration in the atmosphere. The use of wood, as timber but also as a source of energy, 
provides one option to help reduce the use of fossil fuels. Yet, current trends indicate that the 
demand for woody biomass will exceed its supply. Therefore there is interest in Europe in new 
land use concepts that will facilitate both timber and biomass production in a sustainable and 
economically viable way. Agroforestry and short rotation coppice (SRC), for timber and 
bioenergy wood production, are two such systems.  
 
Agroforestry is the deliberate combination of agricultural activities (crops and/or livestock) with 
trees. It can be used as an alternative to plantation forestry for timber production, using tree 
species which can produce valuable hardwood timber such as walnut (Juglans spp.) and 
cherry (Prunus avium) (Graves et al., 2007; Palma et al., 2007). Agroforestry can increase 
land productivity by the complementary capture of light, water and nutrients by the different 
tree and crop components. One way of measuring the improvement in land productivity is to 
use the Land Equivalent Ratio (LER) (Mead & Willey, 1980). LER compares the yields from 
growing two or more crops together with the yield obtainable from growing the same crops in 
monocultures or pure stands. When the LER is higher than one, the intercropping is more 
productive than monocultures because of beneficial interactions. For agroforestry systems 
combining timber trees and crops in Europe, LER simulations varied between 1.0 and 1.4 
(Graves et al., 2007).   
 
Short rotation coppice (SRC) can produce wood biomass within short cycles (2-5 years) using 
densely-planted fast-growing trees (e.g. poplars, willows, eucalypts (Eucalyptus spp.), robinia 
(Robinia pseudoacacia)) with coppicing ability. Cultural operations, from planting to wood 
harvesting are all mechanised (Vanbeveren et al., 2015), with minimum requirement of manual 
labour, similar to herbaceous crops (Morhart, 2013; Paris et al., 2011; 2015). The coppicing 
cycles of 2-5 years vary according to site conditions and species (Facciotto et al., 2015). A 
new tree-based intercropping system (Figure 1) using an agroforestry approach with SRC, 
called alley coppice (AC) (Morhart et al., 2014), was investigated in the European research 
project AgroCop (www.agrocop.com).  
 

 
Figure 1. Alley coppice plot, combining timber trees planted at a regular wide pattern 
with short rotation woody crop (SRC) of densely panted fast growing trees in wide 
alleys with coppice management (from Morhart et al., 2014).     
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We started from the hypothesis that AC has important potential advantages including: i) a 
regular income guaranteed from the SRC component; ii) a land equivalent ratio (LER) 
potentially greater than 1.0; iii) improved stem form of timber trees due to little competition 
between the species and intensive tree management; vi) reduced costs because timber trees 
can be planted at their final spacing, avoiding expensive thinning operations; v) reduced 
wind/storm damage to young timber trees because the SRC component protects young timber 
trees, and vi) positive impacts on biodiversity and reduced soil erosion. The aim of this paper 
is to present an updated synthesis of the main results obtained from the research activity 
carried out in Europe regarding alley coppice, combining data from experimental plots, and 
biophysical and financial modelling.    
 
Experimental plots and results 
New AC systems were established in France, Germany, Italy and Ireland in the last decade. 
In this document, we report some of the results that were obtained from two sites, where we 
assessed different planting scenarios beginning with two different establishment methods: 1) 
Simultaneous planting (SP) where valuable timber trees and SRC were planted at the same 
time (site in Italy); and 2) Delayed planting (DP) where SRC was planted between already 
existing rows of valuable timber trees. On these experimental sites, the growth and yield of 
timber and SRC trees were studied, and competitive interactions for light and water resources 
were monitored using hemispherical photography and measurements of plant water potentials.   

Simultaneous planting 
In Italy, the study site was located near the city of Casale Monferrato (45°08’ N; 8°30” E, 102 
m a.s.l.) in Northern Italy. The SP experimental field, with a total area of 1.5 ha, was 
established by CRA-PLF in 2007 on flat agricultural field with alluvial soil. The climate of the 
area, according to Köppen-Geiger world climate classification, is warm, temperate, fully humid, 
with hot/warm summers. The soil texture is sand and sandy loam. Experimental plots were 
established for comparing pure plantations of Sorbus domestica L. and Pyrus comunis L.  (3 
clones) with a mixture of the same trees and poplar clones under biennial SRC harvests in an 
AC system, using a randomised block design with two replications. Poplars were planted using 
120 cm long unrooted stem cuttings, placed horizontally on the soil surface with an inter-row 
distance of 2 m.  Timber trees were planted at 8 m x 8 m spacing. The distance between the 
trees and the poplar SRC is 3 m. Since the establishment year, tree growth and yield have 
been recorded.  
 
The timber tree species in alley coppice stands showed a steady growth, reaching a mean 
height of 438 and 395 cm for Pyrus and Sorbus respectively (Figure 2), while the maximum 
height which was obtained  in the pure stands was  523 cm for Pyrus  and 453 cm for Sorbus 
(data not shown). Timber trees in the AC treatment suffered light competition (see Paris et al., 
2014) from the SRC poplar whose height was cyclically dominating the timber trees during the 
first 6 years, with 3 biennial harvests by coppicing. On the other hand, light competition 
positively affected the wood quality, as demonstrated by the value of the index of wood quality 
(Q) (Paris et al., 2014), measured at the end of the seventh growing season, which was higher 
for plants grown in combination with SRC poplar (55) than for those grown in pure stands (32). 
The competition improved the stem shape and forced the high-value timber trees to grow with 
a straight stem and thinner branches (Paris et al., 2014). From the seventh season, the height 
of the timber trees was greater than the poplar SRC which should minimise further light 
competition from the SRC.  
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Figure 2. Simultaneous AC system. Total height of high-value timber trees (Sorbus and 
Pyrus) and SRC poplar in the alley coppice experimental field, with biennial coppicing 
rotation (harvests in years 2, 4, 6, 8) for the first nine years since establishment (Casale 
M., Italy) (Facciotto et al., 2016). 
 

Delayed planting 
The DP site was located close to Montpellier (43°43’07’”N; 3°54’29’E, 117 m a.s.l.) in Southern 
France. It had a total area of 1.5 ha. The climate of the area is temperate, Mediterranean with 
dry and hot summers (Köppen-Geiger). The soil is alluvial, its texture is loamy clay sand. 
Hybrid walnut (Juglans regia x nigra L.) timber trees were planted in 1995, in an alley cropping 
system design with a 13 m x 8 m spacing. Winter cereals were the principal crops in the initial 
years. Poplar cuttings (variety Monviso) were planted in 2012 in double rows (10,000 trees ha-

1) between the 18-year-old timber tree lines at a distance of 2 m from them. A SRC control 
without timber trees was also planted. A randomised block design with three replicates was 
used. Tree growth, yields, understory illumination, and poplar water status (via mid-day and 
pre-dawn leaf water potential, Ψmd and Ψpd, respectively) conditions were studied during the 
year 2013.  
 
The first coppicing rotation gave a very low yield both in the pure SRC system (without 
hardwood trees) and in AC, 1.0 and 0.3 Mg dry matter ha-1 year-1, respectively. In 2014 the 
SRC yields in the AC were less than 40% of that in the pure SRC (Figure 3). There was a 
strong competition gradient from the timber tree line to the centre of the intercrop alley, with 
yields at 2 m being significantly less than those at 6 m. A significantly higher water stress on 
poplar was measured in the presence of timber trees, with water stress on poplar shoots 
increasing the closer they were to the walnut row. However, this competition for water was 
mitigated by the microclimatic effect of timber trees. Indeed, we observed a protection effect 
by walnut shade on SRC, by measuring differences between Ψmd and Ψpd in control and AC. 
This may explain the yield difference between north and south SRC exposure (André et al., 
2015).  
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Figure 3. SRC yields in a Delayed Alley Coppice System. SRC poplar yields depending 
on sun exposure (south (S) and north (N) sides) and distance from timber tree line (2, 4 
and 6 m) (Montpellier, France) (André et al., 2015) and yields from pure SRC without 
hardwood trees. 
 

Biophysical modelling 
Within the AgroCop project, a calculation tool was developed for assessing the biophysical 
behaviour of AC systems. This tool, called YDEAL (Yield Dynamics Estimation for Alley 
Coppice), describes the yield dynamics for AC systems under defined conditions or scenarios, 
based on a meta-analysis of available literature data and on data measured directly on the 
project’s field sites. We assessed different scenarios, beginning with the two different 
establishment methods, simultaneous planting and delayed planting. In the simulations, we 
considered hybrid walnut as the timber tree and hybrid poplar for the SRC crop. The two AC 
methods were applied for three different growth scenarios, namely poor, average and optimum 
growth conditions (by meta-analysis). In the poor scenario, for sub-marginal site conditions, 
we assumed for the SRC a potential yield of 6 t ha-1 year-1 of dry woody biomass (or dry matter, 
dm) and 1.6 m3 of timber per tree for walnut. In the average scenario, the SRC has a yield of 
10 t dm ha-1 year-1 and walnut has a timber yield of 1.1 m3 tree-1. In the optimum scenario, 
SRC has a yield of 15 t dm ha-1 year-1 and walnut has a yield of 1.6 m3 tree-1. Major details on 
the biophysical modelling are reported in André et al. (2015). Output examples of YDEAL 
simulations are shown in Figure 4. 
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Figure 4. Output examples of the biophysical model YDEAL developed in the AgroCop 
project for Alley Coppice (AC) systems, with simultaneous planting method under the 
scenario of optimum growth conditions (fertile alluvial soil of Central-western Europe), 
with hybrid walnut as timber tree and hybrid poplars as SRC species    
 
In the simultaneous AC scenario, the growth of timber trees in the AC system was less than 
in the pure timber system during the first 20 years due to light and water competition. In the 
following two SRC cycles of 20 years, the timber trees became more competitive for light and 
perhaps soil water resources. In the delayed planting methods (not shown), during the first 20 
years the growth of timber trees is unaffected, because there is no competing intercrop. In the 
following two SRC cycles of 20 years, both the timber trees and SRC crop have reduced yields 
in comparison to their respective monocultures. The simulations shown in Figure 4 for the 
optimum scenarios were also run for the poor and average scenarios (data not shown), 
obtaining yield data for all the studied scenarios. These data were used to calculate the LER 
of AC in the different scenarios (Table 1), which was always higher than one. 
 
Table 1. Modelled values of LER (Land Equivalent Ratio) of Alley Coppice systems (AC) 
under different growth scenarios and establishment methods (simultaneous and 
delayed planting) 
                    
 Growth scenarios 
 Poor Average Optimum 
Simultaneous planting of SRC  1.10 1.13 1.22 
Delayed planting of SRC  1.05 1.07 1.13 

 

Financial modelling 
To determine the financial profitability of AC systems for farmers and landowners, a specific 
calculation tool (FinAC; Tosi, 2015) was developed, with a specific database containing all the 
costs of cultural operations and cultural inputs for timber plantation forestry and for SRC. 
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These data were derived by using information from the countries involved in the AgroCop 
project (Germany, Ireland, Italy and France). These costs were then standardised, in order to 
find a modelling condition with representative values of average conditions of Western Europe. 
Market values of wood biomass for energy and timber were standardised to average values 
of 70 € (t dm)-1 and 500 € m-3, respectively, although these values can be strongly variable in 
time and on local or regional markets. A discount rate of 3.5% (year 1-30) and 3.0% (year 31-
60) was assumed.  Financial simulations were then run using the yield outputs of YDEAL, for 
the above mentioned growth scenarios.  
 
Under the poor scenario, the NPV values are very low, equivalent to 630 € ha-1 for the poplar 
SRC and 290 € ha-1 for the simultaneous Alley Coppice (Figure 5). Forestry gave a NPV of 
3,700 € ha-1. For the Alley Coppice, both lagged and simultaneous, in the last 20 years of the 
cycle it would not be possible to cultivate SRC poplars because of strong competition, mostly 
for light, by the adult walnut trees. Given the low productivity of the SRC, the NPV of the 
delayed AC (1,680 € ha-1) was higher than the simultaneous planting because of the reduced 
costs for plant material, establishment and management during the first 20 years. 

Figure 5. Output example of the economic model (FinAC) developed in AgroCop, 
displaying the Net Present Value (NPV) (€/ha) of alley coppice systems grown in 
different scenarios with average, poor and optimum growth conditions. For the 
simulation we assumed a 60 years plantation with replacement of SRC trees each 20 
years. The harvesting cycle of SRC is triennial. We selected walnut as the timber tree 
and poplar as SRC woody crop. 
 
In the average scenario, the highest NPV was again achieved from forestry (9,057 € ha-1), 
although the alley coppice systems increased in relative profitability. In the optimum scenario, 
the best NPVs were achieved by forestry (15,240 € ha-1) and the simultaneous alley coppice 
system (15,380 € ha-1) (Figure 5). In conclusion, the forestry system was generally more 
profitable at the end of the 60 years’ cycle in comparison to AC and pure SRC. However 
forestry has only a final return after 60 years, without any intermediate income, other than the 
final sale of the valuable timber (except for the small income coming from thinning operations). 
Under the optimum and average scenarios, simultaneous AC provided a higher NPV than 
SRC culture. Hence, in comparison to the more profitable Forestry, AC guarantees an income 
every three years thanks to the harvest and selling of biomass from intercropped SRC; in 
comparison to SRC monoculture, alley coppice guarantees a slighter higher profitability, with 
the final income from the timber harvest and selling.  
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Figure 6. La Valletta, Italy (42°40’55”N; 12°23’26’’E). A 10 ha commercial poplar SRC 
plantation where few rows of poplar were removed after one year and planted with wild 
cherry (Prunus avium) seedlings in spring 2013. This activity was carried out within the 
Agrocop project. Planting some timber tree lines when establishing an SRC plantation 
can be a feasible way of integrating timber and bioenergy production. Once the timber 
trees have reached a good size it may be possible to remove the SRC stools (approx. 
after 10-15 years) so that the alleys can be intercropped with annual crops.        

Discussion and Conclusions  
The study indicates that the Alley Coppice system represents an interesting opportunity to 
integrate timber and bioenergy production, with synergic benefits in terms of stem form of 
timber trees and a LER > 1.0. However the financial analysis suggests that AC shows the 
highest relative and absolute profitability under favourable growth conditions. In general the 
walnut monoculture for timber production gave the highest profit. These results should be used 
with caution because of the limitations of the modelling approach and because the productivity 
and quality of forestry based on monocultures can be very variable. For example, the last 25 
years in Italy have seen many failed attempts to convert marginal agricultural lands to 
monoculture hardwood plantations for timber production using European grants (Facciotto et 
al. 2015). Our models (YDEAL (André et al. 2015); FinAC (Tosi, 2015)) are based on a 
preliminary and a relatively small data set. It is desirable to collect more field data to generate 
a more reliable database to improve our prediction of the biophysical and economic behaviour 
of alley coppice systems. The achievement of high yields of high quality timber depends on 
the appropriate choice of planting materials and tree management experience, and the returns 
are very sensitive to unreliable timber prices.  
 
The agroforestry system is an alternative method for establishing valuable broadleaved 
species for timber production on good fertile soils whilst producing other crops within the tree 
rotation. In Europe, the Common Agricultural Policy (CAP) offers the potential for national 
governments to support the establishment of agroforestry systems and SRC plantations. 
Depending on the initial assumptions, AC systems might be more profitable than SRC 
monocultures in medium and good site conditions. Therefore we recommend that, for new 
SRC plantations, consideration should be given to planting several rows of timber trees in 
combination with wide alleys (at least 25-30 m) of SRC crops (Figure 6). The experimental 
work suggests that alley coppice systems can also improve the stem form and thereby the 
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potential timber quality of valuable tree species like walnut and wild cherry (Loewe et al., 2013; 
Mohni et al., 2009).   
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Silvoarable agroforestry: an alternative approach to apple production? 
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Abstract: Novel land use systems that integrate woody species into the agricultural landscape 
have the potential to balance productivity with protection of the environment and the 
maintenance of ecosystem services. Integrating top fruit production into an agroforestry 
system, where woody species are integrated with arable crop production, may have a 
beneficial effect on the control of plant pathogens such as apple scab (Venturia inaequalis). 
However, the introduction of such systems into European high-yielding traditional apple 
production systems will meet substantial obstacles as the approach affects not only agronomic 
performance but also well-established fruit production traditions. This paper reports on 
research that evaluated an apple-arable agroforestry approach as a sustainable strategy for 
reducing copper inputs in organic and low input systems using two contrasting case studies; 
Wakelyns Agroforestry in Suffolk and Whitehall Farm, Cambridgeshire. The results presented 
here focus on three elements that are likely to be impacted by an agroforestry systems 
approach to apple production: (i) yield and quality of apples; (ii) emergence of primary and 
secondary pests and diseases; and (iii) impact on management activities. Potential synergies 
and tensions are identified and discussed. 

Keywords: Venturia inaequalis, alley cropping, organic  

Introduction 
Novel land use systems that integrate woody species into the agricultural landscape have the 
potential to balance productivity with protection of the environment and the maintenance of 
ecosystem services (Jose, 2009). An emphasis on managing rather than reducing complexity 
promotes a functionally biodiverse system with both ecological and economic interactions 
between trees and crops and livestock (Lundgren, 1982). Although the potential of 
agroforestry-based agricultural systems has been demonstrated in principle (Quinkenstein et 
al., 2009), information on their usefulness in the context of European low-input production 
systems is lacking. Also, the introduction of such systems into high-yielding traditional 
European apple production systems will meet substantial obstacles as the approach affects 
not only agronomic performance but also well-established fruit production traditions. As part 
of the European FP7-funded project ‘Innovative strategies for copper-free low-input and 
organic farming systems (CO-FREE, www.co-free.eu)’, we have been evaluating an 
innovative apple/arable agroforestry system as a potentially sustainable strategy for reducing 
copper inputs in organic and low input systems. The aim is to provide information on the 
potential of agroforestry in the European context. 

Integrating top fruit production into an agroforestry system, where woody species are 
integrated with crop production, may have a beneficial effect on the control of plant pathogens 
such as scab (Venturia inaequalis) due to a number of mechanisms: 

(i)    A greater distance between tree rows in agroforestry systems, with crops in the adjoining 
alleys, is likely to reduce the spread of pathogens. This has been recorded for crop pathogens 
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in agroforestry systems (Schroth et al., 1995) but the evidence for tree pathogens is 
inconsistent (Schroth et al., 2000). 

(ii)    Lower densities of trees compared with orchards favour increased air circulation which 
has been shown to reduce the severity of scab by reducing leaf wetness duration (Carisse & 
Dewdney, 2002). 

(iii)  Regular cultivations within the crop alleys will incorporate leaf litter into the soil, thus 
enhancing decomposition and reducing the risk of re-inoculation from overwintered scabbed 
leaves the following spring. 

This research aimed to evaluate an apple-arable agroforestry approach as a sustainable 
strategy for reducing copper inputs in organic and low input systems using two case studies; 
Wakelyns Agroforestry, Suffolk, UK and Whitehall Farm, Cambridgeshire, UK. The results 
presented here focus on three elements that are likely to be impacted by an agroforestry 
systems approach to apple production: (i) yield and quality of apples; (ii) emergence of primary 
and secondary pests and diseases; and (iii) impact on management activities. 

Methods 

Case-study systems 
Case Study 1: Wakelyns Agroforestry, an organic silvoarable research site, was established 
in 1994 on 22.5 ha in eastern England (52.36ºN, 1.36ºE). Within the 2 ha apple-arable 
agroforestry system, a diverse mix of 21 varieties of apple trees on MM111 rootstock are 
interspersed with seven timber species, in north/south rows with 12 m-wide crop alleys 
between adjacent rows. Cereals, potatoes, field vegetables and fertility-building leys are 
grown in rotation within the alleys. The apple trees cover 2.5% of the land area in the 2 ha 
system. A local modern 0.6 ha organic orchard acted as a benchmark for comparison.  

Research at Wakelyns was carried out in 2012 and 2013. The experimental design at 
Wakelyns consisted of four plots, each plot including two tree rows and the crop alley in 
between, with 7-10 apple trees in each plot interspersed with timber trees. At Clarkes Lane 
Orchard there were also four plots, each plot consisting of two tree rows and the narrow grass 
alley in between. 

 

 

 

 

 

 

Figure 1. Mixed apple and timber tree system at Wakelyn’s Agroforestry, Suffolk, UK 

Case Study 2: The agroforestry system at Whitehall Farm is more commercial than that at 
Wakelyns Agroforestry in terms of design and scale. Whitehall Farm is a 100 ha organic arable 
farm on high quality soil near Peterborough, in eastern England (52.53°N 0.18°W). Previously 
managed as an intensive arable system, the eastern half of the farm entered into organic 
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conversion in 2007, while the rest entered conversion in August 2009. In October 2009, 4,500 
apple trees, consisting of 13 varieties were planted in rows running NE/SW 27 m apart, with 3 
m spacing of trees within rows. The understorey was sown before tree planting with a 3 m 
band of nectar flower mixtures and legumes. The 24 m remaining between rows is cropped 
on an organic rotation including cereals, vegetables and legume fertility-building leys. Late 
maturing apple varieties have been chosen to allow harvesting of the alley crops first. 
Research at Whitehall Farm was carried out in 2014 and 2015. Three apple varieties were 
chosen for inclusion in the research, based on number of replicated rows available and their 
degree of scab resistance, to include the susceptible variety Bramley, the moderately resistant 
variety Falstaff and the resistant variety Red Windsor. For each of the varieties, three rows 
were sampled, with four assessments per tree and with 100 assessments in total per sample 
(i.e. 25 trees), and two samples per row (i.e. six samples per variety). There was no local 
commercial organic orchard to use as a benchmark and so Willock Farm, a local heritage 
orchard, was used as a comparison. In the orchard, all apple trees were assessed, with four 
assessments per tree. 

 

Figure 2. Organic apple silvoarable system at Whitehall Farm, Cambridgeshire, UK 

Yield and quality of apples 
Case Study 1: In autumn 2012 and 2013, all apples harvested from each site were graded as 
Class I/Class II/processing/waste and weighed per class and variety. The grading followed 
Commission implementing regulation (EU) No 543/2011 available at www.gov.uk.  

Case Study 2: In autumn 2014 and 2015, all apples were harvested at Whitehall Farm by 
commercial pickers and total yields per variety obtained. As the apples were destined for 
juicing, just prior to harvest four apples per tree were graded as Class I/Class 
II/processing/waste to assess quality, with 100 assessments in total per sample, and two 
samples per row (i.e. six samples per variety). 

Pests and diseases 
Case study 1: Pests and diseases were assessed in the plots at three points – small fruits in 
July 2012 and 2013, large fruits in August 2012 and 2013, and the harvested apples 
(September to November 2012 and 2013). Scab levels and incidences of other pests and 
diseases in the agroforestry and orchard plots in 2012 and 2013 were compared statistically 
using t-tests, using R version 2.10.0 (R Development Core Team, 2009). Each sample 
consisted of 100 plant units chosen randomly from all trees in the plot area (i.e. 100 small 
developing fruits; 100 large fruits pre-harvest; 100 harvested fruits). Each plant unit was 
thoroughly inspected for eggs, insects or insect damage and diseases.  
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Case Study 2: Pests and diseases were assessed in the plots at two points before harvest –
small fruits in July 2014 and 2015, and large fruits just prior to harvest in September 2014 and 
2015. For each of the three varieties, three rows were sampled, with four assessments per 
tree and 100 assessments in total per sample, and two samples per row (i.e. six samples per 
variety). Scab levels and incidences of other pests and diseases in the three variety plots at 
Whitehall and Willock Farm orchard plots in 2014 and 2015 were compared statistically using 
one-way ANOVAs with ‘treatment’ (Bramley, Falstaff, Red Windsor, Orchard) as a fixed factor, 
using R version 2.10.0 (R Development Core Team, 2009). Where a significant effect was 
found, post-hoc pairwise comparisons of means were performed using Tukey’s HSD test to 
identify significant differences between treatments. 

Impact on management activities 
To identify the main management benefits and challenges of integrating apple and arable 
production systems, a case study approach was used. Semi-structured interviews were 
conducted with key informants from innovative silvoarable apple systems. Four silvoarable 
apple systems located in East Anglia, the East Midlands and the South West of England were 
selected as case study sites. Interview methods followed those outlined by Pretty et al. (1995), 
involved both face-to-face and telephone interviews, and took between 30 and 120 minutes. 
All interviews were recorded and supported by notes. Questions covered three main themes: 
(i) motives for establishing silvoarable agroforestry; (ii) observed benefits and challenges in 
regards to the main management activities of both arable and apple production; and (iii) the 
future adoption of silvoarable agroforestry within the UK. All interviews were transcribed and 
interview notes added to the transcripts. Content analysis was used to identify dominant topics 
and concepts, coding the interviews thematically using the software QDA Miner 4 (Provalis 
Research, 2015). Further analytical steps followed those outlined by Hennink et al. (2010) and 
included development of thick descriptions for each topic to explore the context and meaning 
of each issue, cross-case comparisons to highlight patterns across interviews, grouping codes 
into meaningful categories and exploring the relationships between these categories. 

Results 

Yield and quality of apples 
Case Study 1: Apple production in England in 2012 was severely affected by heavy rain from 
April to June and late frosts, with some fruit farmers reporting losses of up to 90% of their crop. 
In the agroforestry and orchard sites, some varieties failed to set fruit (e.g. Cornish Gillyflower 
at Wakelyns; Spartan and Winter Gem at Clarkes Lane Orchard), or had very low fruit set. In 
addition, high levels of scab impacted on yields at the orchard (see below) and so the resulting 
total apple yields were very low (Figure 3). Yields within the agroforestry were higher; even 
allowing for the fact that apple trees cover only 2.5% of the area (tree plus understory). 
Comparing yields with standard figures from the Organic Farm Management Handbook  
(Lampkin et al., 2014) by calculating the yield of 100% agroforestry apples (i.e. multiplying by 
40), the yields from the agroforestry compare favourably with standard yields (Class I & II: 
15.7 t/ha from the agroforestry vs. 14 t/ha from orchards at peak production). Apple yields in 
2013 were substantially better than in 2012. Yields within the organic orchard were 2.24 t/ha 
(Class I, II and processing) compared with 0.72 t/ha from the agroforestry (Figure 3) which, 
when scaled up to 100% apples, again compares favourably with standard figures (Class I & 
II: 19.25 t/ha from the agroforestry vs. 14 t/ha from orchards at peak production (Lampkin et 
al., 2014)). 
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Figure 3. Apple yields (t/ha) from the agroforestry (WAF) and orchard (CLO) sites in 
2012 and 2013. NB. Apple trees account for 2.5% of land area in the agroforestry system. 

Case Study 2: In the agroforestry system, tree rows account for 10% land area with 85 trees/ha; 
scaling up to 100% apples, yields in 2014 ranged from 0.25 t/ha to 5.95 t/ha and in 2015 from 
1.36 t/ha to 15.18 t/ha (Table 1), which compares with standard yields for 5 year old orchard 
of 3 t/ha and an organic orchard in peak production (6-11 years) of 14 t/ha (Lampkin et al., 
2014). There was a wide range of yields from different varieties and in the two years, with two 
of the low yielding varieties (Falstaff, Bramley) in the same field, which may indicate problems 
with pollination or mineral deficiency although these two varieties also had high levels of scab 
in 2014. There was a higher proportion of processing apples in 2014 compared with 2015 
(Figure 4). 

Table 1. Yields of apples in the agroforestry system at Whitehall Farm, 2014 and 2015 

Variety  Average kg / tree Agroforestry 100% apples 

  85 trees/ha t/ha t/ha 

 2014 2015 2014 2015 2014 2015 
Pinova  2.71 3.35 0.23 0.28 2.30 2.85 
Fiesta  3.12 1.60 0.27 0.14 2.65 1.36 
Red Devil  2.85 4.35 0.24 0.37 2.42 3.70 
Limelight  2.99 5.43 0.25 0.46 2.54 4.62 
Red Windsor 1.44 4.63 0.12 0.39 1.22 3.94 
Rajka  7.00 7.67 0.60 0.65 5.95 6.52 
Falstaff 0.55 3.91 0.05 0.33 0.47 3.32 
H Russett 2.25 7.25 0.19 0.62 1.91 6.16 
Saturn 0.29 4.86 0.02 0.41 0.25 4.13 
Bramley 0.41 4.36 0.03 0.37 0.35 3.71 
Adams 
Pearmain 6.90 9.48 0.59 0.81 5.87 8.06 
Ashmeads 
Kernel  1.72 4.60 0.15 0.39 1.46 3.91 
Chivers Delight 1.79 17.86 0.15 1.52 1.52 15.18 
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Figure 4. Percentage of each class in pre-harvested fruits 2014 and 2015 

Pests and diseases 
Case Study 1: Neither the agroforestry apple trees nor orchard trees are sprayed for scab, 
and there were high levels of scab in both systems in 2012 (Figure 5). However, scab levels 
of both small and large fruits were over twice as high in the orchard compared with the 
agroforestry site and analyses showed a statistically significant difference (small fruits t = 4.25, 
p < 0.01; large fruits t = 3.44, p < 0.05), but there were no significant differences between scab 
levels in the harvested agroforestry and orchard apples (Table 2). There was a higher 
incidence of insect damage to small developing fruits by sawflies (t = -3.29, P < 0.05, Figure 
6a) and to large fruits by codling moths (t = 3.94, P < 0.03) in the agroforestry system 
compared with the orchard (Figure 6b, Table 2). At harvest, capsid damage was significantly 
higher in the agroforestry apples (t = -4.57, P < 0.01; Figure 6c). In 2013 scab levels of both 
small, large and harvested fruits were several times higher in the orchard compared with the 
agroforestry site (Figure 5) although due to wide variation within sites, there was only a 
significant difference between sites in the small fruits (t = 3.11, P < 0.05; Table 2). In the small 
fruit, statistically significant differences were found only for occurrences of open flesh (likely 
caused by birds, t = -4.37, P < 0.05; Figure 6d). In the large fruit, there were significantly higher 
levels of aphid damage (t = -3.17, P = 0.05) and moth damage (t = -2.66, P < 0.05) in the 
agroforestry, and significantly higher levels of codling moth damage in the orchard (t = 8.69, 
P < 0.01, Figure 6e). There were no significant differences found in the harvested fruit (Figure 
6f). 
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Figure 5. Mean scab incidence per plot in the agroforestry (WAF) and orchard (CLO) in 
2012 and 2013 

 

Table 2. P-values of t-tests comparing diseases and pests in the agroforestry and 
orchard plots 

  
Small fruit Large fruit Harvested fruit 
2012 2013 2012 2013 2012 2013 

Scab ** * * NS NS NS 
Sawfly damage * NS NS NS NS NS 
Capsid damage NS NS NS NS ** NS 
Codling damage NS NS * ** NS NS 
Aphid damage NS NS NS * NS NS 
Moth damage   NS   *     
Open flesh NS * NS NS NS   
Brown Rot     NS NS NS NS 

* P ≤ 0.05; ** P < 0.01; *** P < 0.001, NS = not significant, Blank = no incidences recorded 
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Figure 6a-f. Pest and disease damage to fruit in the agroforestry (striped bars) and 
orchard (white bars) in 2012 and 2013 

 

Case Study 2: In 2014, there were high levels of scab in the Bramley and Falstaff varieties in 
the agroforestry, despite Falstaff being a moderately resistant variety (Table 3, Figure 7a). 
The Red Windsor apples maintained their resistance to scab. Levels of scab in the orchard 
were just under 20%. Analysis of variance identified a highly significant difference between all 
samples in both the small fruit (F = 93.54, P < 0.001) and large fruit (F = 279.9, P < 0.001). 
Scab levels were overall lower in 2015, although analyses found a significant difference in 
both the small fruit (F = 50.93, P < 0.001) and large fruit (F = 193.7, P < 0.001); this difference 
was due to much higher levels recorded in the Falstaff plots (Figure 7b). 
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Figure 7. Mean scab incidence per plot at Whitehall Farm and Willock Farm orchard in 
July and September 2014 (7a) and 2015 (7b) 

Table 3. P-values of ANOVAs comparing diseases and pests in the agroforestry and 
orchard plots in 2014 and 2015 

 Small Fruit (July) Large Fruit (Sept) 
2014 2015 2014 2015 

Scab *** *** *** *** 
Sawfly damage * *** NS NS 
Capsid damage *** *** *** NS 
Codling damage ***  *** NS 
Open flesh NS * *** *** 
Aphid damage NS ** * * 
Brown Rot NS  *** *** 
Moth damage *** NS *** *** 
Earwig damage    *** 

* P≤0.05; ** P<0.01; *** P<0.001, NS = not significant, Blank = no incidences recorded 

A range of secondary pests and diseases were recorded in the agroforestry and orchard 
systems in 2014 and 2015 (Figure 8, Table 3). In 2014, moth damage was common in the 
Bramley and Falstaff apples, as were open flesh wounds caused by insects and/or birds, while 
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Red Windsor suffered high levels of capsid damage (Figure 8a and b). In 2015, sawfly damage 
was the main problem in the developing fruits, despite the removal of infected fruit in the 
agroforestry systems in June 2015, with highest levels in the Willock and Falstaff small apples 
(F = 39.71, P < 0.001, Figure 8c). In the large fruit, Bramley apples suffered from higher levels 
of moth damage (F = 25.59, P < 0.001) and earwig damage (F = 79.99, P < 0.001, Figure 8d). 

Impact on management activities 

(i) Motives for establishing silvoarable agroforestry 
The most commonly held objective was economic diversification. Perceived benefits of 
diversification included enhanced biodiversity, reduced economic risk and resilience to climate 
change. The second most common objective was improved biodiversity, with interviewees 
citing habitat creation and improved pest-predator balances as a desired consequence. 
Individually held motives for implementing silvoarable agroforestry varied with farm location 
and business type and included soil protection and extended cropping season. Three out of 
the four case study systems were thought to have been successful in meeting the main 
objectives behind their implementation, with the fourth case study being too recently 
established to draw conclusions. 

(ii) Observed benefits and challenges in regards to the main management activities of both 
arable and apple production  
One of the main benefits of agroforestry identified by farmers was the provision of shelter for 
arable crops and vegetables, and reducing soil erosion. A second important benefit highlighted 
by farmers was for biodiversity, with reported increases in small mammals, farmland birds and 
increased habitat for beneficial insects. One farmer reported reductions in pests and disease 
within their system. Weed management was identified as one of the main management 
impacts associated with silvoarable systems. There was a general consensus that effective 
management of the understory is required to ensure tree rows do not become a reservoir for 
arable weeds. A number of trade-offs were identified with regards to pests. Although one 
farmer reported increased biodiversity they also recognised that not all increases had been 
positive, highlighting an increase in deer presence. Similarly, another farmer reported that 
although the trees provided shelter for early vegetables, they also provided cover for rabbits 
and had observed increased rabbit damage as a consequence. Apple storage also presented 
a challenge to three out of the four farmers due to product perishability and limited on-farm 
storage facilities. Being predominantly arable farmers, most had little experience of managing 
trees before establishing their agroforestry system and so a lack of knowledge in terms of both 
technical design and operation of silvoarable systems was a major challenge during system 
establishment. 

(iii) Future adoption of silvoarable agroforestry within the UK 
With regards to adoption, all farmers stressed the importance of knowledge transfer between 
farmers already managing silvoarable systems and those interested in implementing them. 
Farmer-led adoption was evident with two of the case study systems having been inspired by 
an earlier adopter. A lack of supporting subsidies and conversion grants within the UK for 
agroforestry was recognised by all of the farmers as a major barrier to system adoption. Farm 
tenancy was raised by three of the farmers as an issue for agroforestry adoption due to the 
long lifespan of trees in comparison to tenancy agreements. 
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Figure 8a-d.  Pest and disease damage to fruit in the agroforestry and orchard plots in 
2014 and 2015. 

Discussion 
Yields at Wakelyns in 2012 and 2013 were comparable with standard figures when scaled up 
from 2.5% land area under apple production to 100% apples and, even at just 2.5% cover, 
appeared to out-perform the organic orchard used for comparison. With so few apple trees 
this would probably not be acceptable for large scale apple producers who rely on economies 
of scale. However, this approach could work well in a diverse, potentially small-scale system 
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such as a market garden, where apples could contribute to direct marketing channels such as 
vegetable box schemes or farm shops. Having such a wide range of varieties within the system 
means that harvesting would occur over a longer period. This requires careful planning and 
may be a challenge for selling to wholesalers if only small amounts are ready at any one time. 
New approaches to marketing could address this problem, for example, creating mixed bags 
of varieties, categorising by taste, e.g. ‘sweet’ apple bag, or ‘sharp’ apple bag; or by making 
more of a feature of the varieties if going into vegetable box schemes e.g. ‘apple of the week’. 

In the more commercial system at Whitehall Farm, tree rows account for 10% land area with 
85 trees/ha; scaling up to 100% apples, yields compared well with standard yields. 
Considering that the apple trees at Whitehall were planted only in 2009 and so the system is 
still establishing and developing, the apple yields look promising, with some varieties 
performing much better than others. 

Neither case study systems spray to control for scab or other diseases or pests, and scab was 
detected in both systems during the years of study.  At Wakelyns, scab levels were several 
times lower than in the nearby organic orchard in both 2012 and 2013. Although no firm 
general conclusion can be drawn from this case study, it appears as if there may be indications 
of a potential positive impact on reducing scab levels within the agroforestry. This could be 
due to the very low densities and high diversity of apple tree varieties. Also, that while some 
varieties may fail to set fruit or have high levels of scab, the high diversity of apple varieties 
within the agroforestry means that other varieties will compensate and so buffer against 
extreme losses of yields. However, further research will be required to confirm this theory. 

Scab was recorded in the apples at Whitehall Farm at quite high levels, particularly in 2014, 
and in one variety (Falstaff) in 2015, although the resistant variety Red Windsor maintained 
its resistance. However, the apple varieties studied seemed to perform poorly, while other 
varieties in the system yielded well and had fewer pests and diseases; this demonstrates the 
value of planting a wide range of varieties. The varieties were planted in blocks, which is likely 
to have facilitated the spread of pests and diseases, despite the crop alleys in between tree 
rows. It may therefore be better to mix varieties within the rows and fields, although this then 
becomes a challenge to manage and harvest efficiently.  

In both case study systems, the impacts of secondary pests and diseases varied between the 
agroforestry systems and the orchards, This supports previous research on agroforestry 
systems that while some pests are reduced in agroforestry systems, other pest groups may 
be observed in higher numbers, and shifts in relative importance of pest groups may present 
novel management problems and influence crop choice (Griffiths et al., 1998).  

This study provided useful insight into the potential benefits and management challenges 
associated with novel silvoarable apple systems. Although farmers reported a number of 
management issues and unforeseen challenges in the design, establishment and on-going 
operation of their systems, they also spoke of substantial benefits in terms of product 
diversification, increased biodiversity, reduced soil erosion and the provision of shelter, with 
most believing that their systems had been successful in meeting their objectives, suggesting 
such benefits may well outweigh any management inconveniences. Nevertheless, a number 
of approaches to mitigating the management impacts of integrating apple and cereal 
production were identified. These included appropriate system design, de-synchronization of 
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management activities, effective management of tree-crop competition and weeds, and the 
ability of farmers and contractors to adapt management practices.  

Evidence of farmer-led adoption suggests farmers perceive silvoarable apple systems to be 
viable, implying scope for wider uptake within England. However the interviews also identified 
a number of substantial knowledge gaps.  This calls for not only further documentation of 
existing systems but further trials on their establishment, operation and commercial 
performance. As recognised by all five of the farmers interviewed, in addition to continued 
research, favourable policy changes and conversion grants will be required for wider adoption 
of agroforestry-based apple production within the UK. 

Potential synergies and tensions 
Combining apple production with arable production aims to maximise synergies between the 
different components while minimising negative interactions. Potential synergies within the 
two case-study systems, including those identified by the farmers, include increased 
biodiversity resulting in increases in natural enemies; high diversity of apple varieties reducing 
diseases and spreading risk from crop failure; and shelter from trees reducing wind impacts 
on arable and vegetable crops. However, trade-offs were also identified. For example, 
encouraging apple pollinators in an arable system using floral mixtures as at Whitehall Farm 
may also lead to increases in certain pests e.g. capsids. And while there may be benefits of 
increasing varietal diversity, reducing tree densities and encouraging mixed plantings of 
varieties in terms of reducing the spread of disease, this would have implications for efficient 
harvesting, management and marketing. 

Conclusion 
The two case study systems provided contrasting approaches to agroforestry-based apple 
production in terms of scale and design. The low density, high diversity approach at Wakelyns 
Agroforestry seemed to have benefits in terms of reducing disease levels, and could work well 
in a diverse, potentially small-scale system such as a market garden, where apples could 
contribute to direct marketing channels such as vegetable box schemes or farm shops. The 
commercial silvoarable system at Whitehall Farm showed that an agroforestry approach per 
se is not successful at reducing scab levels. However, if combined with careful selection of 
resistant varieties and, if possible, mixed planting of varieties, the other benefits that 
agroforestry brings, particularly to arable systems, may make this approach attractive to arable 
farmers looking to diversify their enterprises or protect their farms against environmental 
problems. 
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Managing traditional hedges for biofuel 
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Abstract: With around 700,000 km, hedges are the most widespread semi-natural habitat in 
lowland Britain. As well as being an important landscape feature in their own right, hedges 
fulfil many functions and are increasingly recognised for their importance in regulating 
environmental processes. However, the 2007 Countryside Survey found that just 68% of 
Britain’s hedges are managed. Recent research has sought to address this by investigating 
the economic potential of using biomass from hedgerow management for local energy or heat 
production. This work has brought farm hedges back into focus and sought to answer 
questions about whether biomass can be sustainably and economically harvested from 
hedgerows, and as such, whether hedges can be a viable source of woodfuel? Here we outline 
the results of trials carried out in southern England to assess the efficiency, cost and viability 
of coppicing hedges as a local and sustainable source of woodfuel. Machinery and methods 
were tested at different scales and the impacts on the local environment assessed. Building 
on work in south west England and northern France the trials demonstrated that hedges can 
be managed effectively and economically to produce woodfuel of reasonable quality which 
meets industry standards. However, the introduction of coppice management of hedges for 
woodfuel is likely to have both positive and negative impacts on the wildlife of individual 
hedges and on biodiversity at a landscape scale. To address this, alongside the trials a 
protocol was developed to assess the likely impacts on biodiversity of managing hedgerows 
for woodfuel. The biodiversity protocol enables landowners to carry out an assessment of their 
resource prior to carrying out any management, it identifies hedges suitable for harvesting 
woodfuel and those of potentially high biodiversity value as well as those in need of 
improvement, and offers general management recommendations based on different indicators. 

Keywords: Hedges, woodfuel, biodiversity 

Introduction 
With around 700,000 km, hedges are the most widespread semi-natural habitat in lowland 
Britain (Carey et al., 2008). As well as being a characteristic feature of the British countryside, 
hedges fulfil many functions, ecological and social, and are increasingly recognised for their 
importance in regulating environmental processes (Wolton et al., 2014). The abundance of 
hedgerows in landscapes otherwise dominated by agriculture makes them a vital resource for 
biodiversity (Baudry et al., 2000). Biodiversity in British hedgerows has been well studied and 
hedgerows have been found to offer multiple micro-habitats, food sources and ecological 
corridors for a diverse range of flora and fauna (Baudry et al., 2000; Vickery et al., 2009). 
However, despite the multifunctional nature of hedges and their importance in the provision of 
ecosystem services, the 2007 Countryside Survey found that just 68% of Britain’s hedges are 
actively managed, with only 40% classed as being in good condition (Carey et al., 2008). The 
main threat to hedges and the services that they provide are changes in management 
practices related to agricultural intensification and a reduction in the perceived value of hedges 
to farmers (Oreszczyn & Lane, 1999). Of those hedges that are still actively managed the 

1502



majority are repeatedly flailed at the same height, eventually creating gaps and leading to a 
decline in hedge condition, whilst those left unmanaged will ultimately develop into lines of 
trees. The results of both over and under management are detrimental to the structural 
integrity of the hedgerow (Garbutt & Sparks, 2002) and hence the quality of this important 
biodiversity resource. To maintain them into the future this imbalance in management needs 
to be addressed. Hedges need periodic rejuvenation actions, either by coppicing or hedge 
laying; however these management options are costly, time consuming and often missing. 

Recent research (Chambers et al., 2015; Wolton, 2012) has sought to address this lack of 
appropriate management by investigating the economic potential of using biomass from 
hedgerow management activities for local energy or heat production. Coppicing or hedge-
laying are both rejuvenation methods that can produce woodfuel as a by-product, either 
directly as logs or chipped for use in biomass boilers. Therefore management for woodfuel 
could provide an opportunity to rejuvenate old hedges, restoring not only their economic role 
but their value to the wider landscape. In some areas of northern France, hedgerows are 
coppiced and still provide an important fuel source, producing 4.4 million cubic metres of fuel 
per year and accounting for 11% of the total firewood used by households in 1997 (Lotfi, 2010). 
Recent trials in south west England investigated the relative costs and biomass production of 
hedge laying and coppicing, both carried out manually using a chainsaw. These trials showed 
that laying can retain up to 70% of material in the hedge and takes a lot longer (Wolton, 2012). 
Lessons from the continent combined with the work in south west England indicate that 
coppicing and chipping all the cut material is the most economic management method for 
woodfuel production (Wolton, 2012). However, hedge laying can also produce reasonable 
quantities of usable fuel wood and is the traditional UK management practice for producing a 
stock-proof field boundary. Given their significance in supporting biodiversity, if hedgerow 
coppicing is to be promoted as a management method for the provision of woodfuel, any 
potential impacts on biodiversity both within the hedgerow network and the landscape need to 
be assessed. In areas with specific landscape and biodiversity priorities hedge laying may be 
the most appropriate rejuvenation technique, especially where it is important that landscape 
connectivity is maintained. 

Despite increasing interest in managing hedges for woodfuel and the potential benefits, there 
is limited data and knowledge regarding the productivity, logistics and potential impacts of 
such systems. Here we outline the results of trials carried out by the Organic Research Centre 
(ORC) at two sites in southern England (Chambers et al., 2015) as part of the European project 
Towards Eco-Energetic Communities (TWECOM; www.twecom.eu). The trials assessed the 
feasibility of mechanising the process of coppicing hedges and processing the resultant 
material as a local and sustainable source of woodfuel. 

Methods 
The trials were carried out during winter 2014/15 at two sites: Elm Farm, Newbury, West 
Berkshire (51.23°N; 1.24°W) and Wakelyns Agroforestry, near Diss, Suffolk (52.36°N 1.36°E). 
Three different hedges were used, representing a range of physical characters but all at a 
suitable stage for coppice management. In addition, in winter 2013, three small plot trials were 
established at Elm Farm (Table 1). 
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Table 1. The trial hedges at Elm Farm and Wakelyns Agroforestry 

Site ID Length of 
coppiced 
section 

Hedge description Approximate 
hedge 
dimensions 

Wakelyns 
Agroforestry 

Hedge 1 100 m Mixed species, small field maple 
trees, hawthorn and some 
blackthorn, dogwood. Left to 
grow for c.20 years 

7.5 m high, 
3.5 m wide 

Hedge 2 20 m Predominately hazel coppice 
with several small multi-
stemmed field maple trees. Last 
coppiced c.15 years ago. 

4 m high,  
2 m wide 

Elm Farm Hedge 3 170 m Predominantly mature hazel 
coppice plus substantial 
blackthorn outgrowth. Last 
coppiced c.28 years ago. 

6 m high, 
3-5 m wide 
 
 

Blackthorn 
small plot 

15 m Predominantly very overgrown 
blackthorn, internal ditch. 
Blackthorn stems c.40 years old. 

5.5 m high,  
4 m wide 

Hawthorn 
small plot 

15 m Predominantly mature hawthorn 
with some willow on one bank, 
internal ditch. Hawthorn stems 
c.40 years old 

5 m high, 
4 m wide 

Hazel 
small plot 

15 m Predominantly mature hazel 
coppice, deep internal ditch. 
Last coppiced c.15 years ago. 

6.5 m high,  
6 m wide 

 

Machinery and methods were selected to represent a range of machinery sizes, cutting 
mechanisms, cost and availability. Machinery was classified as small-, medium- and large-
scale, and one machine of each scale was trialled at each site. The large-scale harvesting 
machinery trialled were hydraulic shears and a felling grapple with integral chainsaw; medium-
scale were assisted fell (manual fell using a chainsaw and excavator) and tractor-mounted 
circular saw; and small-scale was manual felling at both sites. Two sizes of chippers were also 
trialled: a large drum chipper and a small disc chipper. All machinery was operated by 
experienced contractors. 

The trials assessed: the costs associated with each machinery option and the time taken to 
coppice or chip a pre-determined length of hedge; the biomass productivity of each hedge; 
and the chip quality in terms of moisture and ash content, calorific value and particle size 
distribution (ÖNORM and BS EN standards).  At Elm Farm, coppice regrowth and stool 
survival was also monitored for Hedge 3 during the summer following coppicing and again at 
the end of the growing season to ascertain the impact of different cutting methods on stool 
health and regrowth. Monitoring plots of 15 m length were measured out in each of the five 
hedgerow coppicing trial sections: hydraulic tree shears (left as cut); hydraulic shears (with 
short chainsaw finish); hydraulic tree shears (with long chainsaw finish); assisted fell; and 
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manual fell. Both the number of shoots and the height of the five tallest stems were recorded 
for each stool within these 15 m plots. 

Small plot trials 
The aim of the small plot trials, which were carried out prior to the machinery trials, was to 
refine non-destructive methods to assess the volume of biomass in a hedgerow; to quantify 
coppice re-growth and survival rates between different hedgerow species; and to assess the 
impact of coppicing on biodiversity, microclimate and soil carbon dynamics. Paired 15 m cut 
and uncut plots were established in three different hedgerow types: blackthorn, hawthorn and 
hazel dominated (Table 1). Coppicing was carried out in winter 2013 by hand and all material 
was chipped, bagged and weighed. Regular regrowth measurements were carried out on the 
cut stools. 

Results 

Harvesting and chipping costs 
Both harvesting and chipping costs per metre were calculated by dividing the day hire cost 
including haulage by the length of hedge each machine can harvest or chip in one day, to give 
the maximum efficiency of each option. The harvesting and chipping cost and time taken per 
metre varies depending on hedge type and length coppiced, and variability within methods 
was seen depending on the hedge (Table 2). For example, manual fell was generally the most 
time consuming method but the time taken to coppice 1 m of hedge varied between 10.8 and 
12.8 minutes depending  on the hedge.  Assisted fell  was  found to  have the  lowest harvest 
cost per  

Table 2. The harvesting and chipping cost and time taken per metre for each machinery 
option at Elm Farm and Wakelyns Agroforestry 

Machinery option Hedge/ 
location 

Cost per metre of 
hedge 

Minutes per 
metre of hedge 

10” Dymax tree shears Hedge 3 £6.78 2.78 
£8.06a 3.30a 

Gierkink felling grapple Hedge 1 £6.28 2.64 
Tractor mounted circular 
saw 

Hedge 1 £7.46 5.40 
Hedge 2 £4.00 2.90 

Assisted fell (chainsaw and 
excavator with land rake) 

Hedge 21 £2.26 1.58 

Manual fell (2 person team 
with chainsaw) 

Hedge 21 £6.85 12.85 
Hedge 1 £8.24 10.81 

Heizohack fuel grade 
chipper 

Elm Farm £3.21 1.48 

Jenz drum chipper WAF £2.44 1.63 
6” Timberwolf chipper Elm Farm £5.01 5.01 

a: with chainsaw finish  

metre (£2.26) and was also one of the least costly options. Haulage increased the cost of the 
large-scale machinery options. On average it was found to be cheaper and quicker to use 
large scale chippers; of the chipping options trialled the Jenz drum chipper had the lowest 
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processing cost per metre (£2.44), followed by the Heizohack drum chipper (£3.21) and the 
Timberwolf disc chipper had the highest processing cost (£5.01), however these figures are 
dependent on the amount of material to be processed. 

The energy cost of hedgerow woodchip ranged from 1.6 to 3.5 pence per kWh depending on 
machinery options and hedge type. This compares relatively favourably with the cost of 
commercially produced woodchip from forestry roundwood which retailed at 3.43 pence per 
kWh in 2015 (Forest Fuels, 2015). 

Biomass  
Biomass data was collected from six different hedges, the three machinery trial hedges and 
three small plot trials at Elm Farm. Average biomass production per metre hedge, at 30% 
moisture content, was 82 kg, or 8.2 tonnes per 100 m. Production ranged from 4 to 13 tonnes 
per 100 m depending on hedge species, structure and age, with the blackthorn small plot 
showing the highest biomass production (Figure 1). 

 

Figure 1. Mass of woodchip produced by each of the different hedges (tonnes per 100 
m at 30% moisture content) 

Chip quality 
It was expected that the large drum chippers with integral screens would produce higher 
quality woodchip than the smaller disc chipper. However, when tested there was no difference 
in chip quality between the different chippers. The woodchip quality analysis found that all the 
hedgerow samples passed the BS EN standards and ÖNORM G30 standards for particle size 
distribution, indicating that a suitably high proportion of the hedgerow woodchip was greater 
than 30 mm in diameter, and therefore saleable on the open woodchip market. They did 
however all fail the ÖNORM G50 standards; this was due to the generally smaller diameters 
found in hedgerow material. There was very little variation in calorific value between the three 
different hedges sampled. However the drying method appeared to affect both the ash content 
and the moisture content of the woodchip. The ash content of hedge material that had been 
left to air-dry in the field for three months ranged from 2.06% to 2.93% and the average 
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moisture content was 24%. However where the material was chipped green the ash content 
was significantly higher at 3.58% and the moisture content after three months was 31%. 

Regrowth 
Two of the three sections cut with the hydraulic tree shears were finished with a chainsaw 
(long and short finishes) to tidy them up and remove the split stems produced by the shears. 
In Hedge 3 an average of 1.1 m regrowth from hazel coppice stools was seen after seven 
months, increasing to1.5 m by the end of the first growing season, re-establishing a green 
roadside and landscape feature, and habitat continuity and wildlife corridor. No significant 
difference in regrowth was seen between the different cutting methods (Figure 2). The plots 
coppiced using the assisted fell and tree shears (both long and short chainsaw finishes) had 
the highest average number of shoots per stool, at 89.9 and 85.9 respectively, followed by 
manual fell with 77.4 and then the tree shears (left as cut) which only had 60.5 shoots per 
stool on average. This variation between plots may be due to variation in growing conditions 
and stool sizes along the hedge or the health of the stools before coppicing. 

 

Figure 2. Average regrowth (± SE) of different treatments in Hedge 3 plots: diagonal 
shading measured in June 2015; solid shading in November at the end of the growing 
season 
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Figure 3. Average shoot regrowth in cm of small single species plots at Elm Farm: solid 
shading was measured in May 2014; unshaded bars were measured in July 2014; 
diagonal shading measured in July 2015 

Regrowth in the small plot trials showed large differences in average regrowth between 
different hedge species (Figure 3). Blackthorn stools were very slow to regrow, many cut 
stems did not show any regrowth at all, and much of the regrowth that was recorded was from 
underground suckers.  By contrast the regrowth in the hazel plots was strong, with an average 
of 1.21 m by July 2015; the hawthorn stools also showed strong regrowth. 

Biodiversity impacts 
Change in management adopted on any scale has potential impacts and the introduction of 
coppice management to hedges for woodfuel is likely to have both positive and negative 
impacts on the wildlife of individual hedges and on biodiversity at a landscape scale. Potential 
impacts include an alteration of the hedge microclimate, changes in hedge structure, plant 
species composition, and landscape connectivity. It is expected that the introduction of 
coppice management cycles will tend to make hedgerow systems more dynamic, increasing 
the habitat heterogeneity within a landscape. With different species and communities 
associated with different ages of regrowth, this may lead to an increase in overall biodiversity 
at a farm or landscape scale. However there are also likely to be some trade-offs, for example, 
reduced connectivity between patches of semi-natural habitat for species that use the 
hedgerows as corridors, such as dormice (Muscardinus avellanarius) which have been found 
to be gap adverse (Bright, 1998) and may be adversely affected by coppicing. 

To address this alongside the practical trials, a biodiversity protocol was developed by ORC 
(Crossland et al., 2015) to assess the likely impacts on biodiversity of managing hedgerows 
for woodfuel. This protocol provides a simple methodology to enable landowners to assess 
the biodiversity status of a hedge network prior to changes in management. It gives baseline 
data for comparison whilst also identifying hedges that are home to key species with specific 
management requirements. The protocol is based on a set of indicators selected to provide 
quantitative links between, for example, habitat quality or structural diversity and biodiversity 
(Dauber et al., 2003). In order to make the results widely relevant, the methodologies 
developed to measure each indicator were based on existing surveys such as the DEFRA 
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hedge survey (DEFRA, 2007) and the British Trust for Ornithology’s breeding bird survey. The 
main indicators included in the protocol are: hedge connectivity, hedge network density, the 
density of hedgerow trees, hedge structural diversity, the percentage of hedges in favourable 
condition, and the percentage of hedges providing a good food resource. After carrying out 
the survey these indicators are scored and the results represented visually using a radar 
diagram (Figure 4). This gives an overall picture of the biodiversity value of a hedge network 
and the relative value of individual hedges within the network. Using data collected in the 
survey the protocol also identifies hedges suitable for harvesting woodfuel as well as those in 
need of improvement and offers general management recommendations based on different 
indicators.  

 

Figure 4. An example radar diagram of the biodiversity protocol hedge survey indicator 
results 

However the protocol has not been fully tested to date and represents just one approach to 
quantifying hedgerow biodiversity. There are many other assessment methods and potential 
indicators which were not included. Through future use, the protocol could be further 
developed and improvements made to the indicators and how they are calculated and scored. 
The protocol is available online at http://tinyurl.com/TWECOM. 

Conclusions 
The ORC trials have demonstrated that hedges can be managed effectively and economically 
to produce woodfuel of reasonable quality which meets industry standards at an energy cost 
competitive with other fuel types. The economic case for managing hedges for woodfuel is 
further strengthened when additional savings in reduced costs of annual flailing are taken into 
account, plus the potential government support via environmental stewardship payments. 

A key conclusion from the ORC trials is that each hedge is unique and has to be assessed 
and managed on its own merits and the most appropriate machinery or methods will depend 
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on the hedge itself and the priorities of the landowner or farmer. In these trials the harvesting 
and chipping options were used on different hedge types and as such it is difficult to make 
direct comparisons between the machines. However some general conclusions can be drawn. 
Assisted fell and large chipper was the most cost-effective harvesting and processing 
combination of all the machinery methods trialled when at least 280 m of hedge was coppiced.  
Smaller sections are likely to be more suited to manual fell techniques and smaller chippers. 
Both the hydraulic shears and felling grapple appeared better suited to large-diameter single-
stemmed material with single-blade circular-saws optimally designed for small-diameter 
material. The assisted-fell and manual-fell methods have the flexibility to work on most sites 
and hedges. As shown by the variation in maximum efficiency of the circular-saw and manual-
fell options when used on different hedge types, the nature of the hedge material being 
coppiced can have a significant effect on the performance of harvesting options.  

The biodiversity protocol provides a mechanism with which to assess a hedge network prior 
to management in order to identify hedges suitable for harvesting woodfuel, those with high 
biodiversity value, as well as those in need of improvement. These trials demonstrate that, 
managed correctly, the use of traditional farm boundary hedges for woodfuel can be both 
economically viable and beneficial, not only in terms of energy production but also by making 
sense environmentally, for example, in terms of improving the long-term viability of hedges, 
connectivity in the landscape and carbon sequestration.  

The next step is to investigate how to increase the quality of the woodchip from hedgerows 
and the potential for other new products from the woodchip such as landscaping mulch, 
compost, or livestock bedding. Starting in March 2016, ‘SustainFARM’ is a new EU funded 
project which will look further into these other provisioning services as well as model the 
agronomic, environmental and economic performance of these and other integrated food and 
non-food production systems. 
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The value and potential of a ‘landscape-systems’ approach to agroforestry: 
insights from an Iberian context 
 
Muñoz-Rojas, J., Pinto-Correia, T., Guiomar, N., Ravera, F., Surova, D., Guimarães, H., 
Godinho, S., Margarida Fonseca, A., Azeda, C. and Fonseca, C. 
 
Instituto de Ciências Agrárias e Ambientais Mediterrânicas - Universidade de Évora, Portugal  
 
Abstract: Agroforestry land uses are widely acknowledged to be complex social-ecological 
systems, and are strongly valued for their multi-functionality and capacity to deliver multiple 
ecosystem services. In the Western Iberian context, open forests dominated by various 
species of oaks and supporting various mixtures of agricultural, forestry and pastoral practices 
are clustered under the terms ‘dehesas’ in Spain and ‘montados’ in Portugal. These have 
recently been considered as exemplary land-use systems in which sustainability and 
resilience are enhanced by multiple interactions among their socio-cultural, economic and 
biophysical sub-systems. Regardless of the acknowledgement of the complexity that 
characterises dehesas and montados, to date most of the scientific approaches to study them 
have been disciplinary, or at times interdisciplinary, and only recently have transdisciplinary 
approaches been proposed. Furthermore, we consider that a number of the self-claimed 
transdisciplinary approaches to study montados and dehesas have been rather passive. In 
response to this, in the DYNAMO Research Group at the University of Évora (Portugal) we 
propose a (continuous) process of  framing research on complex dehesa and montado 
systems  based on what we generically term as a ‘landscape-systems’ approach. Our 
understanding of a ‘landscape-systems’ approach is firstly aimed at jointly embedding the 
multiple dimensions (biophysical, socio-economic and perceptive or cultural) and cross-scale 
interactions of land-use systems that emerge when they are considered as landscapes. This 
would permit breaking the boundaries that exist between scientific disciplines and also 
between such disciplines and the multiple spheres and scalar levels of land-use governance 
and practice. Additionally our proposal of a ‘landscape-systems’ approach is ultimately aimed 
at ‘supporting the implementation of an action-focused research programme for dehesas and 
montados’. This would be characterised by a full-life-cycle action schedule which can only be 
built in continuous and long-term interaction with stakeholders and other members of the wider 
citizenship, and where gaining mutual trust is key to success. We believe that this is an 
approach that could be explored in other agroforestry systems across Europe, especially those 
encountering barriers with translating research into practice and action. 
 
Keywords: Agroforestry, montados, dehesas, systems science, landscape systems, action-
oriented research 
 
Introduction 
Justification, objectives and structure of the study 
Agroforestry land uses are widely acknowledged to be complex social-ecological systems, 
and are strongly valued for their multi-functionality and capacity to deliver multiple ecosystem 
services (Jose, 2009; Power, 2010). Actually, the potential efficiency of agroforestry in 
delivering multiple benefits to human well-being has been acknowledged for some time 
(Spurgeon, 1979). In the Western Iberian context, open forests dominated by various species 
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of oaks and supporting various mixtures of forestry, pastoral and at times arable practices are 
clustered under the terms of ‘dehesas’ in Spain and ‘montados’ in Portugal. These are 
considered as exemplary land-use systems in which sustainability and resilience are 
enhanced by the multiple cross-scale interactions among their socio-cultural, economic and 
bio-physical sub-systems, with new properties emerging at different scales of outcomes and 
complex feedback loops between such interactions (Bugalho et al, 2011; Pinto-Correia et al., 
2011; Sa-Sousa, 2014). Consequently one could argue that the principle that the ‘sum is more 
than the parts’ which forms the basis of systemic thinking is inherent to these land-use systems 
and related landscapes.  
 
Regardless of the acknowledgement of the complexity that characterises montados, to date 
most of the scientific approaches adopted to study them have been disciplinary or at times 
interdisciplinary, and only recently have transdisciplinary approaches been proposed (Ferraz 
de Oliveira et al., 2016). Furthermore, we consider that a significant proportion of the self-
claimed transdisciplinary approaches to study montados (and similarly with dehesas in the 
Spanish context) have been rather passive (McKee et al., 2015). In response to this, in the 
DYNAMO research group at the University of Évora (Portugal) we propose a (continuous) 
process for  framing research on complex montado systems  based on what we generically 
term as a ‘landscape-systems’ approach.  
 
The objective of this paper is therefore to discuss the advantages and potentialities of such 
an approach to contribute to the management and planning of sustainable and resilient 
agroforestry systems, models and practices, exemplified in this case by the Portuguese 
montado.  
 
The paper begins by introducing the main characteristics of the montado as a traditional 
agroforestry system that is currently endangered by socio-cultural, economic and biophysical 
changes. Later we describe the research rationale and approach tested, which begins by both 
analysing and interpreting the current social-ecological trends and challenges of any 
agroforestry system when it is considered from a landscape-systems perspective. The same 
section describes how the rationale and approach applied is necessarily underpinned by a 
long-term, continuous and bilateral collaboration between scientists and a wide range of 
stakeholders that act across multiple sectors and scales and frequently represent diverging 
viewpoints and perspectives. We subsequently analyse the (preliminary) results obtained in 
our own case study area over the course of more than a decade of research. We then further 
reflect on the implications of such results for refining the proposed analytical approach in order 
to support more sustainable and resilient landscape management, planning and protection 
frameworks and regimes, both within and beyond our own case study. Finally, we sum up by 
highlighting the main advantages and risks that are associated with the proposed approach, 
and the steps that are required for it to become fully applicable in a wide variety of agroforestry 
systems. 
 
Montados and dehesas of south west Iberia 
The montados and dehesas of south west Iberia are Mediterranean silvopastoral land-use 
systems dominated by holm oaks (Quercus rotundifolia Lam.,1785) and cork oaks (Quercus 
suber Lam., 1785) covering a wide range of tree stand densities (Pinto-Correia et al., 2011; 
Sa-Sousa, 2014). They are recognised for their capacity to deliver a wide number and variety 
of ecosystem services. In addition, and due to their intrinsic nature as multi-functional land-

1513



use systems, they are considered as a land-use type which has the potential to enhance the 
resilience and sustainability of rural and regional landscapes (Pinto-Correia et al., 2011).  
 
Despite the acknowledgement that the montado provides multiple values and services and 
that it is an exemplar traditional silvopastoral system with a long history of resilience and 
sustainability (Pinto-Correia et al., 2013), and multiple economic (Fragoso et al., 2015), 
biophysical (Costa et al., 2009; Godinho et al., 2014; Guiomar et al., 2015) and governance 
attributes (Pinto-Correia et al., 2011; Pinto-Correia et al., 2013), there are challenges. 
Furthermore, challenges of relevance at global to national scales, such as climate change and 
associated human vulnerability, and the recent financial crisis (which has hit Portugal 
especially hard) are relevant at the scale and regional setting at which our study will be 
conducted.  
 
In response to such challenges several strategic initiatives for regional development (e.g. 
Regional Strategy for Smart Specialisation in Alentejo of December 2014 and the Operational 
Programme for the Alentejo Region 2014-2020) are in place in our selected case study area. 
In such strategies the montado and its multiple products, values and services are considered 
as key assets for achieving sustainability and resilience beyond electoral cycles.  
 
According to the 6th National Forest Inventory (ICNF, 2013), the two main dominant tree 
species in the Montado are holm oak (Quercus rotundifolia Lam., 1785) and cork oak (Quercus 
suber Lam., 1785), which jointly occupied 34% (11% and 23% respectively) of the total 
forested surface in mainland Portugal in 2010. A slight decline in the area occupied by holm 
oaks and cork oaks between 1990 and 2010 was highlighted in the same inventory. A similar 
decline was detected at the regional level for Alentejo (NUTS II). This is the Portuguese region 
with the highest number and surface area occupied by trees such as oak (ICNF, 2013).  
 
The drivers, significance and potential consequences of the current overall decaying trend in 
the montado are widely covered in the scientific literature (Costa et al., 2009), and emphasise 
its ecological, economic and social relevance beyond the relative smoothness of the statistical 
data showing an overall decline that is constant over time. 
 
Rationale and a systems approach to rural cultural landscapes 
Our understanding of a ‘landscape-systems’ approach is one that aims to integrate the 
biophysical, socio-economic, perceptive and cultural dimensions with the cross-scale 
interactions within land-use systems that emerge when these are considered as landscapes 
(Pedroli & Pinto-Correia, 2006). This would permit breaking the artificial boundaries that exist 
between scientific disciplines and also between such disciplines and the multiple spheres and 
scalar levels of land-use governance, planning and management that jointly drive future trends 
in landscape change (Pinto-Correia & Kristensen, 2013).  
 
In addition, our proposal of a ‘landscape-systems’ approach is ultimately aimed at ‘going 
beyond public participation’ and into active citizen-led decision making (Muñoz-Rojas et al., 
2015) and in this way support the implementation of an action-focused research programme 
for agroforestry systems, including dehesas and montados. This needs to be characterised by 
a full-life-cycle action schedule which can only be built in continuous and long-term interaction 
with stakeholders and other members of the wider citizenship, and where gaining mutual trust 
is the main key to success. 

1514



 
To help operationalise our understanding of what a ‘landscape-systems’ approach might mean 
in practice we elaborated the working sequence that is shown in Figure 1. This figure 
encompasses the various elements (both structural or objective and perceived or subjective) 
of the landscape-system that need to be individually analysed and subsequently integrated in 
order to consider the social-ecological systemic nature that is inherent in landscapes 
(Matthews & Selman, 2006). Figure 1 also indicates the various spatial and temporal scales, 
and associated levels, that need to be considered simultaneously to design any actions 
concerning the landscape (Satake et al., 2008). According to Pinto-Correia and Primdahl 
(2012) the demand for public goods, such as biodiversity and cultural landscape values, are 
associated with the landscape level whereas, in contrast, landscape management is 
performed at the farm level. It is therefore clear to us that this analysis is to be best synthesized 
at or below sub-regional and municipal level and above the farming level. As is shown in Figure 
1, this is a level at which data and information gathered at farm and landscape scales can then 
be summed up to quantify the potential contribution of the Montado to achieving National and 
Regional targets set either by the National Government (e.g. Decree-Law 155/2004 of the 30th 
June on the Protection of Holm and Cork Oaks) or Internationally (e.g. CAP policy reform 2015; 
Natura 2000 Network). 
  
Furthermore, the sources of information required for analysis are equally important. Given the 
diversity and scope of information required to describe a system as complex as a landscape, 
there is a need for qualitative and quantitative, spatially explicit and statistical, socially elicited 
and secondary information of both a scientific and lay nature (see Figure 1). Last, it is 
eventually important to indicate how the collated information might ultimately inform the 
various landscape planning, management and protection actions within the European 
Landscape Convention (CE, 2000). 
 
One key aspect that arises when initiating such an approach is the enormous complexity of 
the challenge from both a conceptual and an operational perspective. This is despite the 
multiple and valuable attempts that are gradually arising to use landscape as a valid 
conceptual tool to bridge the gaps between natural and social sciences (Pinto-Correia & 
Kristensen, 2013), as an optimal scale for bridging public planning and private management 
of land and land-use (Pinto-Correia et al., 2006) and as a critical asset for implementing 
transdisciplinarity (Mckee et al., 2015).  
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Figure 1. Elements, sources of information and scales (both in time and space) and 
associated levels of analysis to be considered for implementing a landscape-systems 
approach to study agroforestry land-use systems. Scales to be jointly considered 
include a temporal one of relevance for social-political processes (red vertical), a 
further temporal one for biophysical processes and dynamics (blue vertical) and a 
spatial one of relevance for both aspects (horizontal scale) 
 
 
The complexity that is inherent in any landscape-based approach means that planning and 
managing land to achieve landscape change, sustainability, or resilience has been 
characterised as a ‘wicked’ problem, and thus partially intractable challenge (Duckett et al, 
2016). The rationale and approach hereby tested is intended to contribute to addressing such 
wickedness, and it does so by proposing a working framework that must necessarily 
accomplish the following requisites: remain flexible enough to adapt to the inherent 
contingencies that pertain to the diverse geographical and socio-cultural contexts of potential 
application; incorporate as many scientific, social and professional paradigms, methods, 
techniques, tools, types of information and scales as potentially relevant with the ultimate goal 
to address landscape complexity; and engage with a wide a range of stakeholders that span 
beyond the traditional set of scientists, policy makers and land owners, and arrange with them 
the co-construction of knowledge over periods of time long enough  to generate mutual trust, 
and favouring co-ownership of results over mere participation or collaboration.   
 
Results and Discussion 
The Montado in Central Alentejo; structure and current dynamics 
Following the reasoning elaborated in earlier sections of the paper, which underpins the 
development of our working approach and rationale, our study takes place at sub-regional 
level (NUTS III), in the area of Central Alentejo (Figure 2). Regions and sub-regions represent 
the institutional scales at which planning and policies are best placed to link together national 
targets for forestry, agricultural and livestock production, rural development and nature 
conservation with management and decision-making practices that are realised at the plot, 
farming and local levels (Pinto-Correia et al., 2006; Carvalho Ribeiro et al., 2013). Furthermore, 
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these are also the levels at which the basic guidelines and regulations for landscape planning, 
management and protection are actually delivered (CE, 2000).  
 

 
Figure 2. Location and distribution of the montado agroforestry system in the Central 
Alentejo region (Portugal) 
 
In view of various technical problems encountered with the official definitions, delimitations 
and calculations of montados, we calculated the overall trends of change in the Montado of 
Central Alentejo between 1910, 1960, 1990 and 2006 using as baseline data those provided 
by Godinho et al.  (2014). This allowed us to move beyond the consideration made both in 
official inventories (ICNF, 2013), scientific literature (Costa et al., 2009) and even in the 
relevant legislation (Decreto-lei 55/2004 de ) of single tree species (holm oak and cork oak) 
and into considering the montado as a land-use system of a multi-functional nature (Pinto-
Correia et al., 2011; Sa Sousa, 2014), characterised by a complex mosaic of spatial, ecological  
and landscape patterns (Pinto-Correia et al., 2011; Godinho et al., 2014). The results of this 
calculation for the Central Alentejo NUTS III Region are synthesized in Table 1.  
 
According to data in Table 1, a key observation is the continuous decline after 1960 in the total 
surface covered by the Montado in Central Alentejo.  However despite this, this land-use class 
still covers close to half of the region in 2000-2010. In close alignment with data for changes 
in holm oaks and cork oaks in the 6th National Forestry Inventory (ICNF, 2013) the decline for 
the Montado in Central Alentejo can be considered relatively smooth. However, by looking at 
other relative statistical data shown in Table 1, such as the variance and number of patches, 
it is clear that a trend exists towards the progressive fragmentation of the Montado. This trend 
may bear important consequences of ecological, territorial, socio-cultural, economic and even 
an aesthetic nature (Surova & Pinto-Correia, 2008; Pinto-Correia et al., 2013; Godinho et al., 
2014), which can affect human well-being and that therefore demands a landscape-systems 
approach.  
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It can be argued that the progressive loss and fragmentation of the Montado may result in 
negative effects on the capacity of landscapes in the region to deliver multiple ecosystem 
public goods and services, and consequently to achieve the strategic goals for regional 
sustainable development set by the public authorities. 
 
Table 1. Evolution of the main absolute and relative spatial statistical indicators of the 
Montado Central Alentejo (1910 to 2006) according to baseline data by Godinho et al 
(2016) 
 1910 1960 1990 2006 
Total area (km2) 3152.95 4030.35 3544.15 3466.77 
Relative area (% Central Alentejo) 43.60 55.81 49.16 47.68 
Number of patches 116 208 248 306 
Mean patch size (km2) 27.18 19.38 14.29 11.33 
Variance (%) 5.54 4.41 3.71 3.35 
Maximum patch size (km2) 1838.86 2496.06 2019.46 1987.46 
Minimum patch size (hectares) 0.33 0.93 0.41 0.27 

 
The latest land-use and land-cover trends detected in the Montado of Central Alentejo 
highlight change that is not only quantitative but more importantly qualitative (Godinho et al., 
2016). Along with the continuous spatial decline and landscape fragmentation, a further 
process of change of equal importance for the potential provision of multiple public goods and 
ecosystem services has arisen over the past few years. This process is related to the structural 
change suffered by the Montado from a traditionally agro-silvo-pastoral system to a silvo-
pastoral one, a change that is jointly driven by socio-demographic, economic, biophysical and 
even cultural changes in land-use practices and market dynamics (Godinho et al., 2014; 
Almeida et al., 2016). 
 
Change such as those lately detected in the density, land-use and landscape heterogeneity 
and structural and ecological composition of the Montado in this region (Table 1) contribute to 
the important intensification/extensification debate (Pinto-Correia & Mascarenhas, 1999). This 
is ultimately also a valid argument to gain better understanding of the capacity for innovation 
in traditional and intrinsically complex and multi-functional land-use systems, such as 
agroforestry systems including the Portuguese Montado.   
 
Key conflicts of use have been detected over the years between the Montado and several 
other land-uses. Some of the other land-uses with which the Montado conflicts include the 
Eucalyptus plantations that are aimed at the production of paper, medicines and soft-wood, 
and at the regulation flooding in plain areas, the expansion of extensive cereal and other 
herbaceous (e.g. maize) and ligneous (e.g. vines and olive trees) crops, and even in certain 
cases the abandonment of the underlying herbaceous layers of the Montado resulting in the 
progressive encroachment of the shrub vegetation strata (Godinho et al., 2014). 
  
Such conflicts have all been considered of the upmost importance in diverse historic moments 
of the recent evolution of the Montado, and are reflected in the relevant legislation such as the 
already mentioned Regional Strategy for the Smart Specialisation of the Alentejo (2014) and 
the Decreto-lei de 30 de Junho 155/2004 on the Protection of Holm and Cork Oaks.  In this 
sense, it is also worth mentioning that the Montado is considered at European level as a High 
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Nature Value farming system (Almeida et al., 2016; Paracchini et al., 2008), and thus object 
of special protection through tools such as Natura 2000 and the Habitats Directive. Despite 
this, between 2006 and 2012 (data from the CORINE Land Cover), about 1500 ha of Montado 
were substituted by olive groves in the Alentejo region alone.  
 
The above diverse set of qualitative and quantitative changes since the mid-20th century have 
consequences and create challenges requiring a landscapes-systems approach. Furthermore, 
new societal demands value rural landscape functions related to sustainable resource 
management, landscape protection, leisure and recreation (Pinto-Correia & Breman, 2009; 
Primdahl & Swaffield, 2010). Latest emerging forms of collective actions, slowly arising in the 
montados of Central Alentejo, also support a landscape approach. From a spatial ecological 
perspective, it is clear from our analyses that the current fragmentation and structural change 
of an ecosystem of high nature value (Habitat Directive) is posing challenges (e.g. enhancing 
ecological connectivity), that need to be addressed beyond the farm level.  
 
This may have been positively influenced by the fact that an extensive network of montado-
based NATURA 2000 sites exists in our case study area, an initiative that is formally committed 
to contributing to the coordinated protection of this threatened and vulnerable land-use system. 
However, the transition towards a more effective multi-level governance model capable of 
supporting emerging forms of collective action is still only starting in the region, with issues 
such as the large size of private farm units and the small proportion of land under public or 
collective property potentially hampering alternative transition pathways. 
 
Beyond ‘public participation’ and towards a co-construction of future landscapes  
The management, planning and protection described in the European Landscape Convention 
(CE, 2000) requires an urgent move ‘beyond public participation’ (Muñoz-Rojas et al., 2015). 
A number of new tools, techniques and methods have been proposed and tested that might 
facilitate on-the-ground implementation of landscape-oriented strategies and actions by local 
stakeholders and other landscape users and beneficiaries. These tools are gradually moving 
away from printed spatial information as has been long employed in focus groups and 
participatory workshops for landscape planning, to the use of digital ICT tools that might 
support social learning, cooperation and innovation (Muñoz-Rojas et al., 2015). These tools 
include some aimed at use by experts (e.g. PPGIS) but others are useful for engaging social 
groups disenfranchised from planning and management, such as children (e.g. digital games). 
 
We argue that a move towards more democratic and collaborative intervention regarding 
landscapes needs more than just sophisticated digital and ICT tools and techniques. Hence, 
to address such complex challenges, the DYNAMO research group at the Universidade de 
Évora have decided to engage in a transdisciplinary process using the core idea stated by 
Klein et al. (2001) - “different academic disciplines working jointly with practitioners to solve 
real-world challenges”. Such a process of engagement draws directly on the long-term 
experience with, and recognition that the Institute of Mediterranean Agricultural and 
Environmental Sciences (www.icaam.uevora.pt), of which the DYNAMO group is part, holds 
with key local and regional stakeholders (McKee et al., 2015). The distinctiveness of how such 
a collaborative research process is being held by our group, and its potential to integrate from 
a landscapes-systems perspective is outlined in the following points: 
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i. The wide range of sub-systems (social, economic, cultural, biophysical and perceptive), 
scales and actions jointly driving change in the complex Montado landscape-system 
have all been addressed within a single research institution 
(http://www.en.icaam.uevora.pt/sobre/missao). The research group recognises that 
the Montado is a unique agroforestry system which has a complex social-ecological 
nature. Whilst most outputs have focused on the Montado as a production system, 
outputs related to governance and social aspects are increasing. 

ii. Collaboration among researchers from different scientific disciplines and (sometimes 
conflicting) paradigms has been strongly encouraged, with more than 20 years of 
explicit research on the Montado system. The existence of a group such as DYNAMO, 
where social and natural, quantitative and qualitative, participatory and non-
participatory, positivistic and post-positivistic approaches are embraced by individual 
members of the group (authors of this paper) within a shared landscapes-oriented 
approach, has proved key to implement truly interdisciplinary scientific approaches to 
the Montado. 

iii. Along with the scientific and interdisciplinary construction of new knowledge, a long-
term and continuous process of interaction with a vast range and number of local, 
regional and national stakeholders with relevance for the Montado in our case study 
area has been built over the past two decades. The continuity of such interaction has 
proved key in building confidence, trust and interest with groups of stakeholders that 
expands beyond the traditional set of farmers, land-managers and extension agents to 
include policy-makers and planners, consultants, financial agents, journalists, lobbyists 
with various and at times opposed interests, academics and researchers, 
conservationists, analysts, production chain agents and marketing professionals.  

iv. Lastly (and of equal importance to the participation at multiple venues and events of a 
scientific, professional and participatory nature), a direct engagement with the local 
communities, agents and authorities that in Central Alentejo have a stake in the 
Montado has been pursued by members of the group.  This is essential to facilitate the 
implementation of a common research agenda and subsequent process of knowledge 
co-construction. 

 
Conclusion and next steps  
Based on the findings achieved so far in our case study area of Central Alentejo, a series of 
conclusions can be drawn: 
 

i. The Montado is indeed a complex socio-ecological system. As such it cannot be 
managed, planned or protected for purposes of sustainability and resilience without 
jointly considering the multiple social, economic, biophysical, cultural and perceptual 
drivers, spatial-temporal scales and sets of stakeholders that intervene in its dynamics.  

ii. The most recent trends in the Montado of Central Alentejo indicate a decline in both 
its quantity and quality. The magnitude of such a decline is however not accurately 
documented in the official statistical and spatial information available. This is also true 
for the whole Portuguese Montado, and might also be the case for other agroforestry 
systems. Novel spatial and other ICT tools and methods of analysis are expected to 
improve documentation and facilitate realistic analysis of future sustainability and 
resilience.  

iii. The aforementioned decline may have multiple negative social, economic and 
ecological consequences for the sustainability and resilience of the territories that have 
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traditionally been, currently are and will potentially be occupied by montados. 
Consequently this trend will likely have negative impacts on the quality of the 
populations inhabiting those territories. Thus, halting this trend is both a public and a 
private responsibility, and therefore tackling it necessarily demands a wider 
collaboration and knowledge co-construction between scientists, professionals, land-
managers and a wide range of other stakeholders.  

iv. In this paper we suggest that the ontological nature of landscapes as systems capable 
of encompassing all of the socio-economic, ecological, cultural, biophysical and 
perceptual aspects of land and land-use, render them as appropriate lenses through 
which to identify and implement innovations that enhance the montado. Furthermore, 
agroforestry landscapes, such as the montado, provide a good “test case” for action-
oriented research schedules that progress beyond public participation to the co-
construction of knowledge and actions. Such potential rests mainly on the spatial-
temporal scale and capacity for triggering mutual cooperation and sense of belonging 
that inherently defines any landscape approach. 

v. Despite the relative favourable potential for action-oriented research in landscape-
systems approaches to the montado agroforestry system by the DYNAMO research 
team at the University of Évora, numerous challenges remain. These include: the need 
to critically revise and validate the spatial and statistical datasets currently available; 
the requirement to refine and fine tune an operational framework that spans the 
structural and perceived components of landscapes; and the opening of our schedule 
to other scientists and technicians operating in the production-oriented (e.g. agriculture 
and forestry) aspects of the montado in our case study area. An opportunity to take 
this forward is currently under way via a long-term schedule for knowledge co-
construction among scientists and other stakeholders that we have termed ‘Tertulias 
do Montado’. We expect that valuable lessons will be drawn from this process for other 
similar agroforestry systems worldwide. 
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Workshop 3.4: Boundary spanning between agroecological and conventional 
production systems: implications for pathways towards more sustainable 
production 
Convenors: Rob Lillywhite, Julie Ingram and Julia Wright 
 

The boundary between agroecological and conventional production systems can be described 
as one of tension at an ideological level and some synergy at the scientific and applied level. 
Agroecological and conventional production systems have different belief systems, values and 
understanding of the approaches required to achieve their goals but there are at the same 
time some overlaps of knowledge systems and multiple examples of shared practices.  In 
recent years, the conventional community has started to incorporate some agroecological 
principles into conventional production systems in its pursuit of more efficient food production 
and reduced environmental impacts while the agroecological community has focused more 
on promoting ecosystem and human health. The conventional community’s approach might 
be characterised as following an incremental transition pathway within a specific set of 
parameters, while the agroecological community favours a pathway of systemic change from 
the current norm, in which changing belief systems plays a large part. The specific parameters 
for conventional producers could include environmental policy and regulation, market price 
and financial return while agroecological production prioritises a holistic approach which 
delivers multiple outcomes including soil health, the delivery of ecosystem services and 
community resilience. The case has been made for the need to change belief and value 
systems before truly sustainable practice can be achieved, yet also that more sustainable 
practice can influence or induce a change in belief systems. Equally it can be argued that a 
shift in the direction of an agroecological approach and more sustainable production can be 
made on farm without a complete ideological shift by land managers. This workshop aimed to 
explore this boundary interaction between agroecological and conventional production 
systems, particularly with respect to underlying belief systems, incremental and systemic 
transition, the implications for farmer learning and facilitation, and for sustainable production 
(optimising outcomes in terms of ecosystem services). It invited theoretical, empirical and 
methodological papers from social and natural science disciplines that address the following 
questions: 

1) What are the recent advances in understanding the different belief systems, values 
and goals that underpin agroecological and conventional production systems and their 
relationship to sustainable food systems?   

2) Is it possible, and if so to what extent, can agroecological and conventional 
communities share their knowledge systems whilst maintaining their integrity?  

3) Can boundary spanning result in systemic change, if so, how might this be assessed, 
and facilitated? 

4) Revolution vs. evolution:  Is systemic change always necessary? To what extent can 
more sustainable outcomes be achieved (i.e. optimising outputs of ecosystem services) 
through an incremental transition towards agroecology? 
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Abstract: Different agriculture models can be developed to deal with sustainability issues. 
The objective of this paper is to present a new analytical framework allowing the identification 
of key agriculture models at the crossroads of farming systems, food systems and territorial 
(local) dynamics. The first dimension of this framework is based on the distinction between 
three key types of farming systems: synthetic inputs-based, biological inputs-based and 
biodiversity-based. They are more or less dependent on exogenous inputs and ecosystem 
services. The second dimension is based on the identification of how each of these three types 
of farming system interacts with global food systems and territorial dynamics i.e. circular 
economy, local food systems and integrated landscape approaches. Our framework makes it 
possible to specify agriculture models corresponding to a type of farming system and to the 
nature and level of its interactions with its socio-economic context. Finally, in considering six 
key agriculture models we sketch out key associated scientific issues.  
 
Keywords: Biodiversity, ecosystem service, biological input, food system, industrial ecology, 
landscape 
 
 
Introduction 
At the end of the 20th century there was a maelstrom of agricultural crises involving issues of 
energy, water, biodiversity, climate change, economics and food security (Capone et al., 
2014). Organic farming systems are often considered as a possible model for sustainable 
agricultural systems (Niggli et al., 2008) with intense discussion about the possible production 
level (Seufert et al., 2012). On the other hand many people (researchers, politicians, 
agricultural agencies….) consider that either integrated, conservation or precision agriculture 
are also ways to improve the sustainability of farming systems (FS) (e.g. Garbach et al., 2016). 
However, each of these categories encompasses a wide diversity of FS exhibiting different 
environmental and socio-economic performances.  

Social science research distinguishes between two main paradigms underpinning pathways 
towards sustainable agricultural systems:  “shallow versus deep sustainability” (Hill, 1998); 
“weak versus strong ecological modernisation of agriculture” (Horlings & Marsden, 2011); and 
“life sciences versus agro-ecological vision” (Levidow et al., 2012). Elaborating on these 
conceptualisations, Duru et al. (2015a,b) characterise them by considering the role and status 
of exogenous inputs and ecosystem services (ES) in the agricultural production. In their 
analysis the first pathway seeks to deal with environmental issues through increasing the 
efficiency of exogenous input use (e.g. fertilisers, pesticides and water), recycling waste or by-
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products of one sub-system inside another (Kuisma et al., 2013) as well as applying sound 
agricultural practices (Ingram, 2008) or precision-agriculture technologies (Rains et al., 2011). 
A variant is based on replacing synthetic with organic inputs (Singh et al., 2011) or genetically 
modified organisms (Godfray et al., 2010). In accordance with the Hill (1998) classification, 
Duru et al. (2015a,b) call this approach “efficiency/substitution-based agriculture”. This usually 
consists of incrementally modifying crop or animal management practices in specialised 
systems so as to comply with environmental regulations while preserving economic 
competiveness (Duru & Therond, 2014). 

The second main pathway in the Duru et al. analysis aims to strongly enhance ES to 
agriculture provided by biodiversity (Zhang et al., 2007). These ES depend on the level and 
management of biodiversity at field, farm and landscape levels (Kremen et al., 2012). 
Accordingly, Duru et al. (2015a) have named this approach “biodiversity-based”. It seeks to 
develop diversified cropping and FS or even landscapes to enhance ES for both farmers and 
society while drastically reducing the use of exogenous inputs. It introduces a paradigm shift 
in the vision of agricultural innovations and systems, especially as regards their objectives and 
expected performances (Caron et al., 2014). It leads to a strong modification of the vision and 
thus the role and the management of the environment (nature) in agricultural production 
(Levidow et al., 2012). Developing a biodiversity-based agriculture requires the extensive 
redesign of FS. Of importance is the fact that, in this agriculture, practices for increasing 
resource use efficiency and recycling are also implemented when using inputs. Duru et al. 
(2015b) highlight that development of a biodiversity-based FS requires both changes in natural 
resources management strategies as well as in agricultural supply chains. 

Our objective is to enrich the above mentioned classification for identifying different key 
agriculture models at the crossroads of farming systems, food systems and territorial 
dynamics. In the following section we clarify the main agro-ecological differences between 
synthetic inputs-based, biological inputs-based and biodiversity-based FS according to the 
place and function of ES or of exogenous inputs in the agricultural production process. For 
each of these three types of FS we then identify their possible interactions with global food 
systems and territorial dynamics and in turn define typical agriculture models corresponding 
to a type of farming system and to its interactions with its socio-economic environment. Finally, 
we sketch out the key scientific issues associated with each agriculture model.  

 

Farming systems and ES 
Until the end of the 20th century, farmers were encouraged to develop the most suitable 
conditions for crop and animal growth. Most of them accordingly used high production level 
breeds to increase the “growth-defining” factors (potential production level for given climate 
conditions) and implemented agricultural practices to control the “growth-limiting” abiotic 
factors (water and nutrients) as well as the “growth-reducing” biotic factors, i.e. negative pest 
effects (Ittersum & Rabbinge, 1997). In addition they endeavoured to improve the physical 
production environment: (i) soil structure determining water transfers, root growth and 
functioning and, in some cases, (ii) local climate conditions (e.g. temperature). Management 
of yield-increasing and yield-protecting inputs determined the level of growth-limiting and 
reducing factors and the input-use efficiencies. 
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The Millenium Ecosystem Assessment (2005) showed that human welfare strongly depends 
on ecosystem goods and services. Zhang et al. (2007), then Bommarco et al. (2013) and Duru 
et al. (2015a) clarified the status of ES in agricultural production, highlighting that regulation 
services determining soil fertility (soil structure and nutrient cycling), water storage and pest 
control are the key services provided by ecosystems to agriculture. Duru et al. (2015a) 
established the link between the theory of growth-defining, limiting and reducing factors of 
Ittersum and Rabbinge (1997) and the theory relating to ES provided to farmers (hereafter 
“input ES”). It is shown that the share of agricultural production depending on ES (versus 
exogenous inputs) depends itself on the paradigm on which FS are based: inputs-based or 
biodiversity-based FS (Figure 1). It is important to keep in mind that even inputs-based FS 
depend on ES (Bommarco et al., 2013). 

  

Figure 1. Types of farming systems (FS) according to the share of agricultural 
production derived from ES and anthropogenic inputs 
 
Synthetic or biological inputs-based FS seek to address economic constraints and 
environmental regulations by means of optimising inputs according to the spatio-temporal 
plant/animal requirements and in turn to limit pollution (Table 1). In order to deal with 
sustainability issues and regulations, inputs-based FS implement an efficiency-based 
modernisation pathway (cf. introduction). One of the challenges of these synthetic inputs-
based FS is to accurately assess the level of input ES in time and space needed to optimise 
the necessary level of additional anthropogenic inputs required to reach the targeted 
production level. Precision agriculture technologies based on sensors positioned in the soil, 
machinery, drones, planes and satellites permit the monitoring of the dynamic level of different 
variables and the optimisation of required input applications. They are well developed to deal 
with nutrient cycling - above all nitrogen - and weeds (e.g. weeding robot; targeted pesticide 
applications). In addition, farmers use cultivars and animal breeds which are less sensitive to 
limiting or reducing factors while exhibiting the same level of or better potential yields (defining 
factors). All these technologies may allow FS to increase input use efficiency, reduce 
environmental impacts and, depending on the technology costs, economic performance. The 
amortisation of these technologies may lead farmers to continue to increase their farm size in 
order to reach suitable economies of scale. Regulations can lead farmers to introduce more 
substantial changes such as resort to cover crops in nitrogen-sensitive areas. In this case, 
cover crops are sown during the bare soil period according to regulations relating to sowing 
and removal dates. 
 
Considering societal reluctance to accept synthetic pesticides as well as human and 
ecosystem health issues, some farmers managing inputs-based FS seek to use more 
“environmentally friendly inputs” while still managing a specialised farming system. As such, 
they implement a substitution-based modernisation pathway to develop “biological inputs-
based” FS. Beyond the classical use of organic fertilisers as substitutes for inorganic, new 
practices related to biocontrol are developing to mimic the ecological functioning of diversified 
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agroecosystems. By implementing industrially developed natural enemies (e.g. trichogram in 
maize) and other service-providing organisms (e.g. azotobacters, probiotics, arbuscular 
mycorrhizal fungi), soil bio-stimulants and bio-inoculants, farmers seek to amplify ecological 
processes underpinning ES which naturally arise in biodiversity-based ecosystems (Phillipot 
et al., 2013). They can also use bio-pesticides to reduce the eco-toxicity of synthetic 
pesticides. Moreover they can grow cultivars selected to stimulate beneficial biological soil 
activity (Singh et al., 2011). All these technologies, whether or not they have a resilient effect, 
might enable the development of input ES in the short, medium or long term (Figure 1).   
 
In biodiversity-based FS, developing input ES requires developing species/breeds diversity 
(e.g. intercropping, diversified field margins as well as crop sequences) and of soil cover 
(cover crops) while minimising disturbances of beneficial biological processes due to tillage 
and synthetic inputs use (Table 1) (Duru et al., 2015a). One of the challenges is to develop 
and manage planned biodiversity from fields and field borders (e.g. flower strips) up to the 
farmland area for developing naturally-present associated biodiversity which acts as a service 
provider while limiting the development of detrimental associated biodiversity (pests) (Fahrig 
et al., 2011). When these FS use synthetic or biological inputs to increase the production level 
beyond the level supported by input ES alone they have to use them sparingly so as to not 
reduce the expected short- and long-term benefits of input ES (Pisante et al., 2015).  
 
Table 1. Key features of three types of farming system archetypes (FS) (adapted from 
Duru et al., 2015). 
 
FS 
archetypes 

Main objective and strategy Nature of farming practices  

Synthetic 
inputs-
based 

Increase of competitiveness 
and reduction of pollution via 
improvement of input efficiency 
(“Ecological intensification”)  

Standardised practices in specialised 
FS (small number of crops) based on 
external inputs  
 

Biological 
inputs-
based 

Increase of competitiveness 
and reduction of impacts on 
biodiversity and human heath 
via substitution of synthetic  by 
biological inputs 

Standardised practices in specialised 
FS (small number of crops) based on 
external biological inputs. Possible 
integration with livestock 

Biodiversity-
based 

Increase of competitiveness 
through development of 
biodiversity and ecosystem 
services (“Ecologically intensive 
agriculture”) 

Site-dependent agroecological 
practices in FS based on diversified 
crops and possibly on integrated crop-
livestock interactions, allowing greatly 
reduced use of anthropogenic inputs 

 
 
As shown by Biggs et al. (2011) these FS have to manage three key properties of the 
agricultural ecosystem to develop the production level and resilience of ES: diversity-
redundancy, connectivity and state of slow variables. While the first is commonly identified in 
the literature on agroecosystems, management of the latter two are less classically 
highlighted. Connectivity between biophysical entities determines circulation of materials 
(including organisms) and energies and thus the system’s performance. It determines species 
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dispersion capabilities between habitats (Tscharntke et al., 2005). The state of slow variables 
(e.g. soil organic matter, ecological networks) determines dynamics of associated fast 
variables (e.g. nutrient and water cycling, biological regulations). Short-, middle- and long-
term management of slow variables (e.g. soil organic and biological state) determines day to 
day (soil nitrogen and phosphorous availability), year to year (soil structure) as well as long-
term system functioning (dynamic of soil organic matter). While managing these three 
properties over different scales, farmers may strongly increase ecosystem integrity, i.e. its 
self-organising capacity (Müller et al., 2000). It is important to keep in mind that the use of 
living biological inputs (e.g. industrially developed natural enemies) in a biological inputs-
based farming system can be a step forward towards the development of a biodiversity-based 
farming system: the farmer starts to develop a production system based on biodiversity even 
as it is imported into the agricultural ecosystem.   
 
 
Interactions between farming systems, food systems and territorial dynamics 
FS are embedded into food systems representing diverse sets of institutions, technologies 
and practices for producing, processing, packaging, distributing, retailing and consuming food. 
Food systems influence not only what is being consumed and how it is produced and acquired, 
but also who is able to eat and how nutritious their food is (Capone et al., 2014). Institutions 
and practices for management of natural resources (water, soil, biodiversity) used by 
agriculture, i.e. the social structure and dynamics of social-ecological systems, interact with 
farming and food systems (Foran et al., 2014). Global food systems (e.g. soybean and grain 
wheat market) have developed in recent decades with a strong impact on the homogenisation 
of national food systems (Khoury et al., 2014) as well as on health (e.g. Monteiro et al., 2013). 
While FS are embedded in global food systems, they can also be more or less embedded in 
different territorial (local) dynamics (e.g. circular economy) (Figure 2).  
 
For each of the three types of FS described above, we characterise the main types of 
interactions they may develop with global food systems and different key territorial (local) 
dynamics (including local food systems). 
 

 
Figure 2. Schematic of the relationship between global food systems (including 
agricultural non-food commodities) and territorial dynamics (circular economy, local 
food systems and integrated landscape approaches) in which farming systems are 
more or less embedded 
 
Synthetic inputs-based FS are generally embedded in and mainly interact with large food 
supply chains in which power is concentrated in large retailers (Marsden, 2011). In the context 
of the strong development of the composites market (versus agricultural products) and the 
bio-economy, raw agricultural products are sold as commodities on the market - just like any 
other product in the marketplace (O’Kane, 2012). Accordingly, evolution of this type of FS is 
mainly driven by these global food systems. Economic resilience of these FS to price variability 
and biophysical hazards can be supported respectively by contracts and insurance schemes, 
both provided by global food supply chains. These insurance instruments may lead farmers 
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to increase the share of riskier cash crops resulting in an increasing share of monocultures 
(Müller & Kreuer, 2016). Due to integration in the dynamics of large-scale food systems these 
FS are often poorly connected with local natural resource management issues and strategies, 
leading to conflicts regarding e.g. water shortages due to irrigation, water quality due to 
pollution, and erosion due to bare soils. A typical example of this decoupling of global food 
systems from local environmental issues is the world soybean market, which grew strongly 
during the 1990’s and led to high environmental impacts in regions where soybean is grown 
(e.g. pesticide pollution and deforestation) as well as in those where it is used as feed for 
specialised and concentrated livestock enterprises (nitrogen emission) (Billen et al., 2014).  
 
Biological inputs-based FS are most often also embedded in and mainly interact with large 
food supply chains providing biological inputs (e.g. bio-stimulants and bio-pesticides, 
exogenous organisms) and selling raw products that feed the global composite and bio-
economy markets. However, they may evolve according to opportunities to substitute 
synthetic with biological inputs provided by both large-scale supply chains or by local 
dynamics. Development of a circular economy at a local scale may offer such opportunities. 
A circular economy aims at limiting the use of and protecting finite natural resources, by the 
improved closure of material and energy cycles. It seeks to develop recycling loops between 
economic agents: outputs or wastes of one economic agent becoming the input of another or 
others. In such local dynamics, environment is considered on the basis of concerns about 
resource scarcity, pollution and waste limitation. This form of territorial integration of economic 
activities may allow for examples to develop: (i) the use of locally produced organic matter 
and nutrients derived from wastes to improve the organic soil state and associated SE; and 
(ii) the use of agricultural products for energy purposes (dedicated crops or residues such as 
straw). 
 
In this form of territorial integration, the development of trading between specialised livestock 
and crop farms (e.g. especially organic fertilisers like manure, straw or even animal feed), 
without questioning crop rotation, is a model of circular economy. Logistical (transport, 
transformation) and economic issues (market stability) can be managed directly by farmers or 
by the food supply-chain (Moraine et al., 2016). Trading can also be developed between FS 
and other operators of the food supply-chain (e.g. food processing, transporting) or with other 
sectors of activity (e.g. production of organic ‘wastes’) (Nitschelm et al., 2015). Accordingly, 
while embedded in large supply-chains, biological inputs-based FS can also be strongly 
integrated into the territorial dynamics of a developing circular economy. For example, an 
organic farming system with low levels of crop and animal biodiversity can be strongly 
integrated into local trading between farms so as to acquire organic fertilisers (e.g. Fernandez-
Mena et al., 2016).  
 
In biodiversity-based FS, farmers develop planned diversity (plants and animals) for improving 
input -ES and -self-sufficiency. When there is no other solution, or if prices are attractive, 
products are sold through large-scale food supply-chains as seen above. The lack of attractive 
markets for some key crops required to strongly diversify cropping systems is a major limitation 
to the development of such FS (Meynard et al., 2013). Development of trading between crop 
and livestock FS allowing diversification in cropping systems (e.g. introduction of alfalfa, grain 
legumes, grasslands) constitutes a first level of territorial integration offering opportunities for 
diversification of biodiversity-based systems. Such trading between crop and livestock 
systems can offer opportunities to improve soil organic matter through application of manure 
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as well as to enhance biological regulations through spatiotemporal diversification. Here, the 
most important concerns are the health/integrity of soils, plants and livestock as well as 
collective action issues (e.g., craftsmanship, stewardship).  
 
Another form of territorial integration corresponds to the development of local markets 
(including collectively organised short food supply chains). The challenge can consist of 
developing "territorialised food/non-food systems" that support the development of a local 
diversified agriculture meeting local consumer and lifestyle demand and even human health 
issues. Their development may be part of a larger territorial development project where 
agriculture is one of the key sectors involved. A higher level of integration of biodiversity-based 
FS within territorial dynamics can occur when local actors seek to develop sustainable 
landscapes that jointly supply multiple ES (Mastrangelo et al., 2014). The challenge consists 
of developing collective governance of the diverse land managers so as to design the spatial 
distribution of land use (crop-grassland pattern) and semi-natural habitats which may increase 
ES depending on the composition and configuration of the landscape (e.g. biological 
regulations, mass and liquid flow regulations). This requires a landscape design approach 
(Nassauer & Opdam, 2008) for example for water management (Murgue et al., 2015), strong 
territorial crop-livestock integration (Moraine et al., 2016), hedgerow networks (Groot et al., 
2010) or biological regulations (Steingröver et al., 2010).  
 
As in the case of biological input-based FS, biodiversity-based FS can also be involved in a 
circular economy. Development of a circular economy and of local food systems offering 
important diversification opportunities to local FS coupled with integrated landscape 
management corresponds to the highest level of territorial integration i.e. the development of 
an integrated landscape approach (Reed et al., 2016). It may permit the development of an 
“eco-economy paradigm which replaces and indeed relocates agriculture and its policies into 
the heart of regional and local systems of ecological, economic and community development” 
(Marsden, 2012). Here the main concerns are about natural resources management, 
landscape/ecosystem integrity, human welfare and local social dynamics. However, some 
agricultural products may still be sold through the global food system. Local and global 
markets are then considered as complementary and thus co-exist. 
 
From diversity of agriculture models to knowledge gaps in agronomy  
Considering the three types of FS and their possible interactions with local to global food 
systems and local dynamics, it is then possible to identify different key “models” of agriculture. 
Here, each agriculture model corresponds to a type of farming system and its interactions with 
its socio-economic environment (Figure 3). Some are developed, others correspond to niches 
or represent potential forms of agriculture within a given region or country.  
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Figure 3. Six key forms of agriculture (in blue) in which farming systems (FS) are more 
or less based on ecosystem services vs. anthropogenic exogenous inputs (Y-axis) and 
connected to global food systems or different territorial dynamics (X-axis). Iconic 
examples are presented in grey. CA = Conservation Agriculture; ICLS = Integrated Crop 
Livestock Systems 
 
Synthetic inputs-based FS embedded in global food systems corresponding to specialised 
cash crop and livestock farms (lower left quadrant Figure 3), is the dominant agriculture model 
in Western Europe (Levidow et al., 2014). To increase (weak) sustainability of this type of 
agriculture, much research focuses on developing smart agricultural technologies (e.g. genetic 
engineering, precision farming). Through integration of up-to-date scientific knowledge within 
decision support systems there exists a potential for improving agricultural as well as the 
environmental performance (reducing soil, water resources and atmospheric pollution) of this 
type of agriculture model. In this case, changes generally require only incremental adaptations 
(Park et al., 2012).  
 
Biological inputs-based FS are strongly promoted by the European Union (Levidow et al., 
2014). They correspond to two agriculture models (lower left and lower right quadrants Figure 
3). In both models the use of living biological inputs for biological control are in their infancy 
(e.g. Philippeau et al., 2014). While the effects are well known and efficacy has been 
demonstrated for some uses of iconic living inputs such as inoculation of Rhizobia into 
leguminous plants (Philippeau et al., 2014), actual effects at field level of many biological 
inputs such as bio-stimulants have not been soundly demonstrated. Moreover, their resilience 
is generally low, leading farmers to apply them regularly (e.g. annually). One reason may be 
that these products are used in the same way as synthetic ones while “being biological these 
products have to be applied in accordance with their ecological requirements” (Alabouvette et 
al., 2006). Furthermore, it is still necessary “to carefully study the effect of inoculum type, 
application rate and time of application to ensure efficacy of biological control” (ibid). The 
development of biological inputs-based FS embedded in a local circular economy is strongly 
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supported by regional and national policies (e.g. European Union) which promote the 
development of circular economies for increasing the economic and environmental 
performance of economic activities (including agriculture). Much research is emerging in the 
field of industrial ecology (biogas production, recycling…). Moving from farm to landscape 
level for coupling nutrient and water cycles requires coordination between agricultural actors 
and those in other sectors. Considering specificities of food supply-chains, Fernandez-Mena 
et al. (2015) argue that such research should be developed in order to provide methods to 
analyse, assess and design recycling loops and to explore circular economy options in these 
particular complex social-ecological systems. Development of this type of agriculture model 
usually requires system adaptations (Park et al., 2012). 
 
In accordance with possible interactions between biodiversity-based FS and global food 
systems or territorial dynamics, three main associated agriculture models can be identified. 
The first corresponds to FS developed in socio-technical niches (e.g. farmer collectives) such 
as those related to conservation agriculture, agroforestry, integrated crop-livestock systems 
and self-sufficient grassland-based livestock systems (Figure 3 top-left quadrant). In these 
systems, farmers sell their products within global food systems or via direct markets (to 
consumers or other farms). Development of these FS raises questions about how to manage 
the “transformational” transition from a specialised system to a well-established diversified 
one. During this transition variability in ES may significantly increase until slow variables and 
ecosystem structure reach a state permitting the provision of ES at the expected levels and 
degrees of biophysical resilience and stability (Duru et al., 2015a). For example, positive 
effects of conservation agriculture, through implementation of its three principles (no-tillage, 
cover crops and long rotations) may emerge after more than ten years.  
 
During the transition ambiguous biophysical phenomena can be observed. For example, 
landscape complexity with various and well-represented semi-natural habitats may exhibit 
more diversified natural-enemy communities but may also provide better and more abundant 
overwintering sites for pests (Duru et al., 2015a). The particularity of this type of FS is that if 
ecological principles are generic, management practices are highly site-dependent (Giller et 
al., 2015). To support farmers in managing this transition research on agroecology has to 
develop knowledge that farmers can use in order to choose the best practices they can 
implement, considering the characteristics of their production situations. The characterisation 
of the different species/breeds that farmers can introduce (cash crop and “service crops”) and 
their mixtures through functional ecology approaches (response and effect plant traits) is a 
promising way to provide operational knowledge (Duru et al., 2015a). New technologies of 
communication and information can be mobilised to render scientific knowledge accessible 
and operational as well as collecting feedback from farmer experiences (Dowd et al., 2014). 
Integrated participatory design and assessment of diversified cropping and FS methodologies 
also have to be developed (Duru et al., 2015a). Breeding of “service species” selected to 
provide a given function (e.g. soil structuration) in mixture or sequence with cash crops is also 
a key research area.  
 
The second form of biodiversity-based agriculture is when diversified FS has developed 
significantly in a given territory thanks to the development of local food systems (e.g. 
integrated crop-livestock system in Figure 3). Beyond research questions regarding 
management of diversified FS, the management of a local food system in the light of existing 
global food systems is an issue for socio-economic research but also for agronomy regarding 
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the development of agricultural systems promoting soil, plant, animal, ecosystem and (in turn) 
human health.  
 
Development of an integrated landscape approach combining collective landscape 
management with local food systems and a circular economy correspond to the third 
agriculture model involving biodiversity-based FS. In this case, research has to provide 
adapted knowledge and participatory methodologies to support the collective design of multi-
service landscapes i.e. crops-grasslands-semi natural habitats patterns providing expected 
levels of targeted ES. One key research issue here is to clarify the effects of landscape 
configuration and composition in relative to the effects of cropping systems (field level) for 
different ES during the farming system transition as well as once a biodiversity-based FS is 
well-established. Research should analyse and highlight trade-offs, synergies or neutral 
relations between SE from field to landscape levels.  
 
These two latter agriculture models are currently very marginal or do not really exist in most 
developed countries due to many lockins (Vanloqueren & Baret, 2009). Overall, it is important 
to bear in mind that organic agriculture, often presented as a promising pathway towards 
sustainable agriculture, can be present in the fifth and last different agriculture models. As the 
different agriculture models can and may exist in the same area, conditions under which they 
co-exist should also be clarified. More precisely, biophysical and socio-economic trade-offs, 
synergies or neutral co-existence between them at landscape and territory up to global levels 
have to be analysed. For example, it is necessary to clarify to what extent and under what 
conditions the presence of inputs-based FS in the landscape is compatible with the objectives 
of developing ES at the landscape level.  
 
Conclusion 
During the last decade, current research made some progress to better support the 
development of the two systems involving biological inputs-based FS. However, research 
activities presently dedicated to the development of biodiversity-based FS need to be 
strengthened. Our classification should help to better address the knowledge gaps, particularly 
regarding the development of locally integrated forms of agriculture based on diversified FS 
(integrated in local food systems and collective landscape management) (DeLonge et al., 
2016; Levidow et al., 2014; Vanloqueren & Baret, 2009). Further progress in research strategy 
should address the challenge of a correct balance between researches on agroecology, 
bioeconomy and technology and, furthermore, should favour the integration of these three 
approaches. Most of all, the different models of our typology can be used for examining where 
funds are mainly allocated for research, training and development, identifying possible 
deviations from targets and informing the design of adapted agricultural policies and research 
agenda. 
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Learning from organic farming: overcoming barriers to adopting agroecology 
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Abstract: Certified organic production has existed for decades and many of the social 
challenges faced by organic farmers are also faced by farmers who are considering the 
philosophy of agroecology. Examining how organic farmers, who are easily identified by their 
certification, have overcome social barriers to conversion could shed light on how farmers may 
be motivated to adopt agroecological practices. The aim of this study was to identify whether 
social factors provide barriers to conversion and, if so, to identify strategies by which these 
barriers might be overcome. Interviews were conducted with 39 farmers of mixed and arable 
farms in the German (n=24) and French (n=15) speaking parts of Switzerland, which were 
analysed according to their content. The results suggest that attitudes towards the concept of 
organic production are often formed on the basis of quickly-formed impressions rather than 
considered deliberation. Furthermore, farmers perceive social pressure to focus on 
productivity, and organic farming is often perceived by non-organic farmers to be less 
productive. On the other hand, non-organic and organic farmers were found to have more 
similarities than differences in their goals and practices, with organic farmers reporting that 
conversion to organic had turned out to be less difficult than foreseen. These findings lead to 
several proposed courses of action for organisations wishing to promote organic farming 
practices; with most based around encouraging dialogue between conventional and organic 
farmers to counteract feelings of ‘us-versus-them’.  
 
Keywords: Conversion, organic farming, barriers, enablers, motivations 
 

Introduction  
Agroecological farming is a philosophy of agricultural practice (Wezel et al., 2009) rather than 
a particular type of agriculture, but shares many of the same principles as organic farming 
(Schulman, 2016). Organic farming has sustainability (and especially sustainable soil fertility) 
at farm level at its core, while agroecology considers the ecosystem services provided by 
farmland at the ecosystem level, including soil health, water quality, air quality, pest control, 
disease control and biodiversity (Bellon et al., 2011). A further difference is that organic 
farming has a requirement for certification if the produce is to be marketed as organically 
produced. Discussion of whether organic agriculture be considered to be agrocecology is 
commonly illustrated with examples of organic production that are clearly not agroecological, 
such as industrial scale organic operations that focus solely on maximising production rather 
than following an ecological ideology (Schulman, 2016). Organic farms in Switzerland 
however are typically small (average 24.5 hectares) mixed farms, and farmers are required to 
reserve a minimum of seven percent of their land for ecological compensation. Conversion to 
organic production in Switzerland can usually be considered to be a fundamental agreement 
with the principles of agroecology, so examining how Swiss farmers can overcome the social 
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barriers to conversion to organic could inform strategies intended to ease some of the 
challenges of adopting agroecological practice.  
 
Organic farming is financially supported by the Swiss Government, which pays organic 
producers a further ‘ecological’ direct payment in addition to the general direct payment (BfS, 
2016) that is paid to (practically) all farmers in Switzerland, on condition that they provide proof 
of ecological performance. Sanders et al. (2011) conducted an economic evaluation and found 
that the income on organic farms was approximately 25% higher than on comparable 
conventional farms. If financial considerations were the deciding factor in whether to convert, 
we could expect financially motivated farmers to convert to organic in large numbers. This was 
indeed the case in Switzerland from the mid-90s during which the number of organic farms 
rose from 3300 (4.15% of all farms) in 1995 to 6400 (10.01% of all farms) in 2005. Although 
the proportion of organic farms has increased to 11.73% of all farms in Switzerland in 2015, 
the actual number of organic farms has decreased slightly to 6244 organic farms (BfS, 2016a). 
This leads to the conclusion that financial incentives alone are not sufficient to motivate 
farmers to convert to organic, which in turn suggests that barriers to conversion must exist. 
Actions to encourage organic cultivation practices on private farms require appropriately 
designed and effectively targeted incentives (Rodriguez et al., 2009). The means of motivation 
will be more successful in leading to the desired behaviour if incentives or directives are 
tailored to complement existing or intrinsic motivations and to removing barriers, which 
requires gaining an understanding of what motivates or hinders conversion to organic 
practices on farms. 
 
Padel et al. (2009) described the first movers – or pioneers - in adopting the innovation that is 
organic farming as being primarily motivated by ideology and only weakly motivated to remain 
integrated in existing local social structures. Indeed, conversion to organic in the early years 
of organic farming often meant some degree of alienation from the conventional farming 
community (Padel et al., 2009). In their study of motivations for conversion to organic, Häfliger 
and Maurer (1996) found that the significant conversion to organic farming in the mid to late 
‘90s mostly consisted of farmers who were primarily economically motivated but who also 
wished to maintain their standing and acceptance in their community. A further influence on 
decisions are the attitudes held within the farmer’s own family, which can be positive or 
negative towards the concept of organic cultivation (Goy, 2007). Ferjani, et al. (2010) on the 
other hand reported that the attitudes held by neighbours and family were only a minor 
influence on the decisions made by farmers, with the exception of the group that they called 
‘optimisers’, for whom social acceptance was important. An extension of such consideration 
of what other farmers in the community may think is the reluctance to enter situations in which 
conflict with neighbours may occur. Several well publicised conflicts between organic farmers 
and their neighbours create an understandable degree of apprehension for those considering 
conversion (Madelrieux & Alavoine-Mornas, 2012).  
 
Further barriers to conversion to organic farming that can be identified in the literature relate 
to technical difficulties in cultivation and the knowledge and learning required. Farmers 
considering conversion were also concerned with the extra work burden that was perceived 
to be associated with organic farming (Ferjani, et al., 2010; Goy, 2008). Furthermore, the 
difficulty of cultivation of lucrative crops, such as sugarbeet, is a barrier for many farmers 
considering conversion (Schramek & Schnaut, 2004). Studies by Khaledi et al. (2010), and 
Padel et al. (2009) however, found that conversion barriers cannot be removed by simply 
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finding solutions to economic and technical problems. Khaledi et al. (2010) reported that the 
risk of conversion was considered by many farmers to be too high, although Schneider (2001) 
found that the risks were generally overestimated.  
 
A reasonable conclusion is that the relationship between farmers’ motivations and behaviour 
is complex and our understanding is inadequate. Quinn and Burbach (2008) suggest that 
changes to more sustainable behaviour are the result of a complex relationship between 
attitudes, reasoning, intrinsic process motivation, goal internalisation and internal self-
concept. Burton and Paragahawewa (2011) argue that a non-economic form of capital is the 
status and prestige within farming communities generated by particular behaviours, which can 
be an effective motivation in the decision as to whether or not to convert to organic cultivation. 
Similarly, Khaledi et al. (2010), and Padel et al. (2009) identified that social norms, the social 
situation on the farm, personal values, and attitudes held by the farming family are likely to be 
dominant decision criteria. The aim of this study is to identify barriers for Swiss farmers to 
convert to organic farming and to learn how these barriers have been overcome by farming 
families that have successfully converted. These lessons could ease the process of farmers 
converting in the future, thus making the transition easier. Furthermore, the similarities with 
the social challenges facing farmers who operate under the principles of agroecology suggest 
that the lessons might also be transferable to that context. 
 

Material and Methods  
A total of 24 semi-structured interviews with farmers from the German speaking part of 
Switzerland, and 15 interviews with farmers from the French speaking part of Switzerland were 
conducted. Half of the interview partners were organic farmers; meaning they had converted 
to organic farming and been certified as organic producers by BioSuisse, which is the primary 
organic certifying body in Switzerland. The remaining farmers were certified by an organisation 
known as IP Suisse, which is an association (with over 20 000 members, which is 38% of all 
farms) of farmers who produce using environmentally and animal friendly production methods; 
including being GM free and with minimal use of synthetic pesticides. IP farmers were selected 
for inclusion in this study because they are readily identified and because their choosing IP 
membership indicated a degree of openness to ecological concepts. Individual farms were 
selected to represent a wide range of farm sizes (from 6.5 to 98 hectares); a wide range of 
experience with the respective farming system (from 0 to 38 years); and both the French and 
German language regions. A further selection criterion was that all farms should produce 
some crops. The interviews were transcribed and their content was coded. 

Analysis 
An encompassing theory that offers some explanation of how the relationship between 
attitudes, social norms and perceived limitations can be reconciled is needed. Examination of 
how individuals, in this case farmers, can be motivated to engage in a behaviour that has been 
externally evaluated in a political process as being desirable, is essentially an examination of 
why they choose to do so or not to do so. There is an underlying rational process in human 
decision-making, and decisions to adopt a particular behaviour are made to maximise the 
individual’s total utility (Friedman, 1990). The theory of planned behaviour explains 
behavioural intention as a combination of the attitudes and subjective norms held by an 
individual that are constrained by the individual’s confidence in their ability to implement the 
behaviour and produce the desired outcome (Ajzen, 1991). The theory is among the most 
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powerful and predictive models for explaining human behaviour (Koger & Du Nann Winter, 
2010). The constructs identified in the interviews were classified according to Ajzen’s (1991) 
theory of planned behaviour, which allowed concrete recommendations for ways to reduce 
barriers to conversion to be proposed. For brevity, we refer to the participating farmers simply 
as ‘farmers’ throughout the presentation of results and discussion in this paper. Direct 
(translated) citations from farmers are shown in italics followed by an identification of the farm 
type; either Bio or IP.  

Results  

Subjective norms 
A key social factor that acts as a barrier to conversion is a perceived negative attitude towards 
organic agriculture by other members of the family. Often farmers feared the reactions of 
parents; especially that of the father from whom they had inherited the farm, and who usually 
continues to live on the farm. If the young farmer wants to realise his or her own ideas, there 
is a high potential for tension to be created with their predecessor. However, many farmers 
found that the predecessors learned to accept new management forms after some time; and 
after they had seen that the new production method was successful. A positive attitude and 
generous support from the life partner, who was in most cases the female partner of a male 
farmer, were highlighted as particularly important for change. In several cases, the life partner 
provided the drive for change as they were concerned about the use of pesticides in the vicinity 
of their own children. In the case of the French speaking farmers, their partners were usually 
employed off-farm, with limited presence in the general decision making, and so had less 
influence on the farming decisions  
 
In addition to the acceptance by family, acceptance and recognition by other farmers is an 
important motivation. Several farmers pointed out that there was a need for mutual respect 
among farmers, regardless of the form of production. Organic farmers expect respect and 
tolerance from non-organic colleagues; as well as understanding if things go wrong “I had a 
good relationship with my neighbours and colleagues, and they knew me when I was an IP 
farmer, and I’m still valued now that I’m an organic farmer. That’s a big honour” (Bio). Many 
of the interviewed farmers continued with collaborative arrangements with neighbouring non-
organic farmers after conversion, which they interpreted as a sign of acceptance: “We still 
share machinery and still have a good relationship. There’s mutual respect” (Bio). 
Neighbouring farmers show a certain tolerance to errors of farmers who have recently 
converted. Mistakes and failures are considered rather as an opportunity for learning, and 
every farmer, including IP farmers, had a story of an expensive mistake from their early 
farming days. However, technical problems, such as the use of copper based fungicides in 
organic agriculture, do need to be solved and ongoing efforts to solve technical problems are 
viewed as being central. On the other hand, successes are also noted and can contribute to 
more positive attitudes towards organic cultivation: “I’ve been complimented by other farmers 
who’ve said “Hey, you can do so much, and make good products, also without chemicals’” 
(Bio). 
 
However, mutual respect was not always present. In some cases, the decision not to apply 
synthetic chemical sprays was the trigger for conflicts with neighbours: “then the organic 
farmer came and planted potatoes, and they had leaf blight and did nothing. That was 
terrible…I had to wash ours with fungicide so that I could get by” (IP). On the other hand, IP 
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farmers are not always respected by the organic farmers: “I’ve never personally spoken badly 
of non-organic farmers, or brought them down, but I know others do” (Bio). Soil protection was 
nominated by organic farmers as a reason for conversion, and non-organic farmers are 
sometimes seen to have a cavalier attitude to synthetic inputs: “They spread the slug pellets 
without actually checking whether they have slugs” (Bio). This position of disrespect is 
counterproductive, since it can lead to alienation from both sides. A non-organic farmer who 
does not feel respected by the organic farmers may turn away from them and be even more 
difficult to reach. 
 
The interviewed organic farmers reported that they felt closely observed by neighbouring 
farmers immediately following conversion, but that the level of observation returned to the 
"normal" level after a certain time. Organic farmers feel that they are judged by the same 
criteria as other farmers: quality and yield. Accordingly, farmers who allow weeds to get out of 
hand or exhibit other signs of poor management, are not very highly regarded; regardless of 
the form of production they use. However, organic farmers are often seen as representatives 
of their form of production, and more so than is the case with IP farmers. Some organic 
growers have tried especially hard to keep fields free of weeds to prove to their neighbours 
that one can have orderly fields in organic farming. Thus they hoped to obtain recognition in 
the social environment. Despite the clearly expressed wish for the acceptance by their peers, 
farmers still deny that it is important to them: “if you always listen to what the others want, you 
might not be on the right path” (IP). 
 

Attitudes 
Many farmers reported that they first needed to make a change to organic in their own minds. 
To accompany the process of "mental conversion", it is important that conversion to organic 
agriculture means that the farmer remains within their individual value system. On a general 
level, this is not a particularly difficult step to make because a large overlap was found between 
the identities of organic and the IP farmers. They all see themselves as sustainable producers, 
they all care about soil conservation, and they all see themselves as independent decision 
makers on their farms.  
 
Both organic and IP farmers see themselves as producers, but the IP farmers sometimes see 
organic farmers as living from direct payments rather than production. Non-organic farming is 
considered to be the ‘normal’ way of production: "the attitudes towards the productivity they 
want, and it's just still based around having clean fields, but it’s all about production and yield, 
yield, yield" (Bio). An organic farmer reiterated, however, that organic farming is also 
production oriented and that "direct payments make up a much smaller part than the product 
sales,  so organic farming is also productive agriculture" (Bio). The IP farmers perceive two 
types of organic farmers: productive farmers and those who milk the direct payment system: 
“If I can’t produce, and I would say this very provocatively, I might as well go organic"(IP). 
Dishonesty and living from the system rather than producing is not seen solely as the domain 
of organic farmers, but there are perceived to be fewer dishonest farmers using non organic 
production systems: “There are some"(IP). The IP farmers have little time for those they 
consider to be dishonest by living from subsidies and having little interest in production, but 
are also critical of the system in which this is tolerated: "One can do that in organic" (IP).  
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The protection of resources, and especially the soil, was reported by all of the farmers as 
being extremely important. However, reduced use of synthetic additives is also commonly 
seen as a means of soil protection by the IP farmers: “it’s important to use fewer chemicals” 
(IP). The wish to remain productive however remains, and the goal to produce sustainably 
appears to be universal: “We want to keep the arable land and produce food cleverly” (IP). 
Contrary to the opinions of some organic farmers, IP farmers also doubt the long term wisdom 
of synthetic inputs: “There’s the question of whether the chemicals will really degrade as they 
say, and also what effects they have on the soil life” (IP). Both groups of farmers have a 
preference for methods that are environmentally friendly and are better for the soil. 
 
One obstacle for some farmers was a perceived loss of independence, which they expected 
in the course of conversion to organic farming. They fear being limited by a wide range of 
complex rules and regulations. However, organic farmers evaluated their self-determination 
to be higher than before the changeover, and see this as an important positive factor: “Before 
we became organic, a company used to come and do all our spraying. We didn’t have much 
to do with it. They just sent us a bill and we paid it” (Bio). After conversion, farmers reported 
making the decisions themselves and feel that this stronger power of decision-making gives 
them a stronger connection to the land. Organic production was seen to give an overall gain 
of self-determination, and especially independence from major players in the agricultural 
market, such as suppliers or distributors of synthetic inputs. All of the farmers value their 
independence and freedom to make decisions, and are unhappy when this freedom is 
restricted, but every farmer has some restrictions on what they can do if they are to receive 
direct payments of subsidies.  
 

Conclusions 
A barrier to conversion that was related to technical issues was the lack of awareness among 
IP farmers of organic solutions to problems. Non organic farmers are free to attend ‘organic’ 
events, and information is available to them, but this knowledge transfer could be enhanced if 
solutions that are found in the organic world were actively and deliberately publicised to 
conventional farmers. Farmers don’t use expensive synthetic inputs because they feel the 
need to spend money, but rather because they don’t see viable alternatives. If they are made 
aware of such alternatives, and implement these alternatives, the step to conversion becomes 
smaller and more likely. The process of publicising solutions will encourage contact between 
organic and non-organic farmers, which may enable farmers to feel part of the same network 
and reduce an us-versus-them dynamic. A further result of the publicising of solutions is that 
organic farming may be perceived to be production oriented and to be facing the same 
problems as conventional farming. The finding that there is no recipe as such and that each 
farmer must find their own solutions that work for their own farm means that the conversion to 
organic is perceived to be uncertain. This uncertainty persists despite the extensive and highly 
regarded advice that is readily available to farmers. Better networking opportunities for organic 
farmers, and also between organic and non-organic farmers would enable exchanges and 
reduce the uncertainty of conversion. This finding suggests that social measures can 
contribute to encouraging conversion.  
 
In areas in which the concentration of organic farmers is smaller, such as the French speaking 
part of Switzerland, organic farmers look for alternative means for exchange with their peers, 
such as online forums and websites. Other means of encouraging exchange among 
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colleagues could be the hosting of contact events: with co-hosting between organic and non-
organic farming associations. Such events could have the effect of strengthening the 
reputation of organic farmers as producers. Organic farmers expect to be respected by non-
organic farmers and vice versa, and such respect can be encouraged by creating spaces for 
dialogue between the farmer groups. The finding that all farmers have more in common than 
they have differences suggests that farmers attending such events will be able to easily find 
common ground. Such events could consist of organised demonstrations of successful 
organic farming innovations. Demonstrating a production orientation, elaborating on 
experiences, and engaging in dialogue with non-organic farmers could contribute to a more 
open attitude by non-organic farmers. 
 
A further measure that could contribute to changing attitudes could be the introduction of 
courses in the organic cultivation of gardens with a concentration on farm gardens or 
husbandry of small animals. In the Swiss farming system, cultivation of the house garden and 
care of the small animals usually lies with women, who it is known can have a strong influence 
on the decision to convert. Participation in such courses would have the dual role of 
demonstration of the effectiveness of organic cultivation techniques and recruiting the 
participant as a proponent of organic. A further means of demonstrating the effectiveness of 
organic cultivation techniques but on a larger scale could be the initiation of farm visits. In 
addition to their demonstration role, such visits would also encourage dialogue between 
organic and non-organic farmers, and thereby contribute to farmers finding common ground. 
Non-organic farmers would learn that most organic farmers tended to overestimate the 
difficulty of conversion and of running a farm organically. 
 
The result of the project is a deeper understanding of the social and personal factors that 
influence the conversion to organic farming, as well as how barriers have been overcome by 
farming families. A variety of social and personal factors were identified and most, if not all, 
can be considered to be human characteristics; desire for acceptance by peers and family, 
desire to succeed, and desire for self-determination. These results suggest the value of 
implementing a range of concrete actions that can ease the decision process and enable 
conversion within the farmers’ minds. The common theme throughout the recommendations 
is to facilitate communication between organic and non-organic farmers so that their 
similarities, rather than their differences, are in the foreground. For example, informal events 
and platforms for the exchange of information between organic farmers and interested non-
organic farmers could motivate curious farmers to take the second step of seeking official 
advice. The boundary between agroecological and conventional production systems is 
described in the introduction to this workshop as one of tension at an ideological level and 
some synergy at the scientific and applied level. This study found similar tensions at the 
boundaries (sometimes literally) between organic and IP production in Switzerland and a 
range of synergies at the applied level. We make no claim that organic farming is synonymous 
with agroecological farming, but we do suggest that measures for bridging the gap between 
organic and non-organic farmers in Switzerland may also ease the transition to agroecological 
farming practices for conventional farmers elsewhere. 
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Introduction  
Mixed cropping (MC), the growing of two or more main crops in one field that coexist for a 
time, can help to design a more sustainable agricultural land use, due to a variety of ecological 
benefits relative to mono-stands. Specifically, we look at the industrialised alley cropping 
approach for cereal and grain legume mixtures which reduces synthetic fertilisation needs, 
improves biological pest management, increases drought resistance and can limit the risk for 
lodging (a full list of ecological benefits and references will be published with the full paper). 
MC goes hand in hand with benefits for agrodiversity and the associated biodiversity 
(Malézieux et al., 2009). 
 
Despite its ecological benefits, there is a lack of political support or consideration of MC, due 
to a lack of interest among stakeholders within the agricultural sector. Such interest can spill 
over among farmers, agribusinesses and researchers, but today’s interest in MC is restricted 
to the assessment of ecological benefits. Overall knowledge of implementations is scarce 
among farmers (in 2014 about 0.007% of cropping land is distributed to MC in Germany) and 
among researchers (Duc et al., 2015). All research and development and agriculture 
machineries evolve around monocultures. Economically, MC does not receive financial 
support like pure legume stands within the EU and therefore needs to compete with pure 
cereal stands. While grain productivity of MC is higher than in comparable mono stands in low 
input systems (Brooker et al., 2015; Duc et al., 2015), research is not conclusive in high input 
systems. Additionally many stakeholders believe there are substantial technical barriers to 
hinder the industrialisation of MC.  
 
To learn more about the lack of interest among stakeholders that hinders the development of 
this agroecological production system, we profile who is interested in the diffusion of MC in 
relation to potential promoters and antagonists. A potential promoter is a critical perception of 
sustainability issues, in case MC is considered suitable to ease these issues. Such issues 
may be the intensive use of synthetic fertilisers or the steadily declining biodiversity in 
agricultural systems. In contrast a critical perception of different technical barriers, involved in 
efficient MC implementation, might reduce interest. Recalling that MC is closely linked to the 
ideas of agroecological production methods, another barrier can be an actor’s conventional 
paradigm rather than an alternative/agroecological paradigm. It is probable that ideas based 
in one paradigm are somewhat difficult to endorse by supporters of the opposing one. MC 
might need to span the paradigm gap in order to encourage adoption. 
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Methodology 
Looking into innovation diffusion, Beal and Bohlen (1957) have theorised the adoption process 
of farmers. Crucial steps on the ladder to adoption are the interest stage, which reflects an 
eagerness to reach for new information, and trial willingness, which represents a small scale 
experimental use in order to assess and prepare full adoption. The concept of trial willingness 
is only applicable to farmers. Other agriculture value chain actors may only indicate their 
interest in MC. Nevertheless such actors have been found to influence diffusion.  
 
We undertook a survey of agricultural students, predominantly agribusiness students, at a 
German University. Such students do commonly proceed to work in agriculture value chains 
after their studies and are highly involved in agricultural topics. To improve the measurement 
of Beal and Bohlen’s (1957) adoption stages, we operationalise interest and trial willingness, 
not by attitude, but by behavioural measures with real-life implications: (1) to provide an email 
to receive more detailed information on MC; (2) to participate in a 1.5-hour information event 
on MC; and (3) the students with a farming background have additionally been asked to trial 
MC on a minimum of 1 ha of land. An incentive of 250€ was offered for field trials. 
 
An applicable multiple imputation method was used to avoid the dropping of meaningful 
observations. Next three logit models regressed a fixed set of independent variables upon 
interest and trial willingness. The model’s results were graphically illustrated in consideration 
of standards in reporting statistics. 

 
Results and Discussion  
Counterintuitively, the results did not imply that strong agroecological attitudes based on the 
alternative paradigm lead to behavioural interest or trial willingness in MC. During the MC-
information event the students have proposed an attitude-behaviour-gap, as some feel 
ecological attitudes are increasingly common, but are not necessarily acted upon. Students 
with conventional attitudes can also enjoy the efficiency gains related to MC. Therefore 
marketing efforts need not be limited to groups with ecological focus like the organic 
community. 
 
The interest in MC was also positively related to a strong concern for biodiversity, extensive 
soy imports and synthetic fertiliser use. The media life cycle of these issues will likely affect 
the future interest in MC. However trialling was not significantly related to such issues, rather 
a critical perception of barriers to marketing crop mixes stands out among other technical 
challenges to decrease the willingness to undertake trials. The additional costs of harvesting 
mixed crops were not quantified, due to the lack of economic research, but can be of particular 
value in order to increase transparency in MC adoption decisions. 
 
Conclusion  
This study provides a socio-economic analysis of an under-researched production method 
that can help to create a pathway for a more sustainable agriculture production. Altogether, 
the findings of the study present a snapshot of interest among today’s agriculture students 
and will help agribusinesses to profile early adopters for MC-related technologies. Uniquely, 
the study introduces novel behavioural measures to interest and trial willingness within 
adoption processes which assist in an accurate identification of the concepts.
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Abstract: In Western European agriculture, an increasing number of conventional farmers are 
actively augmenting the autonomy of their farm enterprises. They do so, amongst other things, 
through decreasing the external inputs, whilst simultaneously improving the use of internal 
resources. Thus, low external input farming systems emerge that increasingly enhance 
ecological processes. Simultaneously, the farmers involved may maintain key features of their 
entrepreneurial mode of farming. In this context, the network of French farm machinery 
cooperatives has witnessed a movement of collective innovation experienced by farmer 
members to become more autonomous. The present paper aims at better understanding this 
phenomenon visible within some French farm machinery co-ops. Our methodology is based 
on an exploratory survey of 15 machinery co-ops and a range of six in-depth case studies 
among them. Our work combines a farming system and a sociological approach. Most of the 
studied farmers mainly seek to become more autonomous from markets, notably from input 
markets. A proportion of them also claim to gain autonomy from advisory services and 
regulatory institutions. The current price volatility context appears as one of several decisive 
factors for many of the farmers interviewed to seek the means to become more autonomous. 
The collective organisation provided by the socio-technical network of farmers’ arrangements 
associated with their machinery co-op, has allowed them to benefit from favourable conditions 
under which to undertake the new practices. We conclude by suggesting some lessons from 
these experiences to strengthen local networks of farmers’ sharing arrangements as a 
conducive arena for agroecological transition. 
 

Keywords: Farm machinery cooperative, autonomy, agroecology, farming system, farmers’ 
collective, technical change, transition, agricultural cooperatives  
 

Introduction 
In France, the current socioeconomic and ecological context (rising costs of animal feed, price 
volatility, droughts, new public regulations and private specifications, etc.) is increasingly 
leading farmers to innovate and develop their autonomy. To do so, conventional farmers are 
implementing new practices such as self-provisioning strategies, legumes integration, no-
tillage, etc. Different elements out of a broader agroecological strategy are therefore being 
implemented (and further developed) by French farmers. Although they do so without referring 
to the concept of agroecology, they develop low-input and more diversified farming systems 
by making better use of the ecological functionalities of the agroecosystem. Simultaneously, 
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they maintain key features of the conventional mode of farming such as high yields, 
automation and zero grazing. 

The French National Federation of farm machinery cooperatives is particularly affected by this 
phenomenon.  There are 11,000 farm machinery cooperatives in France, comprising one third 
of all French farmers. The leaders of this network have recently observed a movement of 
collective innovation experienced by farmers within their machinery co-ops, conducive to 
developing their autonomy. 

This paper aims at appraising if this collective movement might be supported and 
strengthened to allow a broader agroecological transition in agricultural production. To do so, 
it will examine the main results of an action research programme which seeks to understand 
the phenomenon of collective innovation in the machinery co-op network which makes feasible 
the increasing searches for autonomy among conventional farmers. Who are these farmers 
who newly search for autonomy? How do they manage to reduce external input use whilst 
aiming to maintain a high level of production? 

The first part of the article presents a brief literature review regarding the paradoxical 
interaction between farmers' searches for autonomy and agroecology. In the second part we 
describe the functioning of the French farm machinery co-ops, before explaining our 
methodology. In the third part we examine farmers' paths to develop their autonomy, as well 
as the contribution of the collective organisation to facilitate the change process. We then 
discuss the potential of the machinery co-ops for agroecological innovation. 

 

Autonomy: a paradoxical interaction with agroecology 
Before developing our examination of autonomy and agroecology, we explain on which 
definition of the latter we base our present work. Following Francis et al. (2003), we consider 
the agroecology as the development and application of ecological theory to the entire food 
systems, encompassing ecological, economic and social dimensions. From this broad 
approach we focus in particular on the farm segment, including the territorial and landscape 
levels. At these levels we examine the adaptations of the agricultural practices made 
individually and collectively by the farmers to design diversified farming systems tailored to 
local conditions which seek to enhance ecological processes and interactions, and to improve 
the sustainability of the local agroecosystems (Wezel et al., 2015; Nicholls et al., 2016). 

Autonomy as a value 
The literature review reveals that the concept of autonomy incorporates a multiplicity of 
interpretations and connotations, especially due to the national and ideological background. 
Emery (2015) highlights that the British political and social theorist Lukes has presented the 
autonomy as one of the three faces of liberty and maintained that it is achieved when an 
individual ‘‘subjects the pressures and norms with which he is confronted to conscious and 
critical evaluation, and forms intentions and reaches practical decisions as the result of 
independent and rational reflection’’ (2006 [1973], p. 55). However, words of farmers 
throughout many parts of the world reveal that autonomy is often synonymous with 
independence and individualism, owing to the work of the dominant ideology, which is 
currently neoliberal ideology, which makes them appear so (Emery, 2015; Stok et al., 2014). 
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Moreover, Lukes highlights that historically the concept of individualism had distinct 
connotations according to the national contexts. Appearing during the 19th century in France, 
it still carries in this country a pejorative connotation, suggesting the dissolution of the social 
system. In England it had become synonymous with minimal state intervention and opposition 
to socialism. In the United States it had become a usual word to qualify the economic liberalism, 
the limits of the government action and the individual freedom (2006 [1973]). This explains the 
multiple interpretations of the autonomy. For instance, Emery (2015) shows that for English 
farmers, autonomy and independence are often conflated with individualistic premises. He 
argues that this limits their involvement in collective action and thus increases their 
dependency on the structural and economic forces that impose real limitations on their work 
and lives. 

Autonomy as a guiding principle 
In contrast with the autonomy considered as a value, some authors show how farmers may 
also value autonomy as a guiding principle or as a tool of navigation to manage the farm (Stock 
& Forney, 2014; Ploeg, 2008). From this approach, Forney (2016) calls for promoting 
autonomy to open new paths to make agriculture more sustainable. 

Actually, various authors have highlighted how the development of organic and alternative 
farming has been interlinked with farmers' striving to develop their autonomy and agency 
(Altieri & Toledo, 2011; Lucas & Sabourin, 2011; Coolsaeth, 2015). For instance, in France, 
the first certification standard for organic farming was developed in 1963 by a commercial 
organic fertiliser company founded by two agronomists, Lemaire and Boucher. They proposed 
a contract farming approach which offered a production method based on two external inputs 
- a specific wheat seed and a calcified algae - whose use allowed contracting farmers to sell 
their products by using the “Lemaire & Boucher” brand. A new association of producers and 
consumers, “Nature & Progrès”, emerged in 1964, partly as a critical approach toward this 
trade dimension. They also questioned the external inputs dependency induced by agricultural 
modernisation. They created the first French certification scheme for organic farming in 1970, 
including autonomy as an ordering principle (Nicourt, 2015). In the UK context, Morgan and 
Murdoch (2000) have assessed that organic farmers, compared with conventional farmers, 
are able to exercise more autonomy and control both in relation to means of production on 
their farm and to actors of the food chain. 

Recent research has revealed how French organic farmers make compromises to deal with 
the autonomy principle. Nicourt (2013a) shows that there are only a few organic pork breeders 
in France who have to face a context of trade vulnerability. Some of them choose to develop 
direct selling, sometimes with on-farm processing, which may create competition between 
their farming activities. As a result, the development of trade tasks often occurs to the 
detriment of crop and livestock production, which may be delegated to contractors, paid 
employees or to other farmers. Hellec and Blouet (2012) describe how new organic dairy 
companies have recently emerged and organised farmers' conversion to organic farming. 
Their case study from eastern France shows that a dairy company wants to ensure its volume 
of business and thus selects farmers with high productivity levels. These buy fodder from off-
farm by using the exemptions allowed by the organic regulations.  

Demeulenaere and Bonneuil (2010) and Goulet (2010) have studied two alternative 
agriculture movements: network of peasant seeds and communities of practice organised 
around no-tillage and direct seeding techniques. They observed a similar desire for farmers to 
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manage their activities within their own means (i.e. without the support of third parties). Even 
if both movements seem to be distinct regarding the production systems practised and the 
socio-political orientations, developing autonomy regarding advisory institutions and input 
markets is a common aim and they both rely on networking.  

Recent work has also shown an increasing wish among conventional farmers to develop their 
autonomy: the context of economic and ecological uncertainty is currently strengthening and 
renewing farmers' desire for this across the board (Darnhoffer, 2010; Ploeg, 2008; Schneider 
& Niederle, 2010). Ploeg (2008: pp. 152-154) identified six mechanisms through which farmers 
try to become more autonomous: 

1) To better face the input and commodity markets, which tend to increasingly operate in 
oligopolistic ways, many farmers diversify their outputs in a range of ways, sometimes 
whilst simultaneously creating new market outlets; 

2) To better face the input markets, farmers tend to develop low-input or more cost 
effective modes of farming. Thanks to these strategies, farmers may structure the 
relations with markets in ways that allow for autonomy;  

3) Farmers tend to increasingly base the process of production upon their own resources, 
especially by re-grounding agriculture upon nature. It implies e.g. the revitalisation of 
soil biology, or the breeding of animals that can be fed with local resources; 

4) Increasing the technical efficiency of the production processes as a long-term strategy 
allows farmers to attain a higher production level with the same set of resources. This 
results from farmers' careful observation, small on-farm experiments and progressive 
improvement of the internal resources used and their potential synergies;  

5) Pluri-activity, when it aims, among others at strengthening the total income and at 
scattering the economic risks, may be considered as a strategy to develop autonomy, 
for instance in relation to the bank credit; 

6) Finally, local forms of cooperation among farmers contribute to delinking farmers from 
dependency on financial and industrial capital.  

These mechanisms are not mutually exclusive and may form a multi-faceted and articulated 
strategy to develop farmers' autonomy. 

Autonomy at the collective level 
Some social scientists demonstrate that opposition may occur between autonomy and 
sustainable farming. As Emery (2015) observes, the value in independence has often been 
used to explain the lack of cooperation among farmers, especially for collaborative agri-
environmental schemes. This often leads policy makers to design these approaches through 
individual contracts with farmers. Doing so, they limit the possibility for farmers to interact and 
benefit from sharing of experiences to put the schemes into action. They also reduce the 
potential of landscape based approaches. 

Farmers' searches for autonomy may face difficulties due to “path dependency” resulting from 
the dominant socio-technical regime that locks-in possibilities for agroecological transition 
(Vanloqueren & Baret, 2009). The collective organisation of the farmers sometimes leads to 
efficient ways to overstep the sociotechnical lock-ins, by setting in niches of innovation, 
allowing novelty production and knowledge creation (Wiskerke & Ploeg, 2004; Stock et al., 
2014). 
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To conclude, farmers' searches for autonomy appear as a multi-faceted phenomenon, which 
has contributed to organic and agroecological farming development. Autonomy aimed at 
reducing the dependencies on markets, imposed top-down regulations and dominant 
technological regimes appears as a robust tool for agroecology, especially whilst articulating 
a cooperative approach between farmers. Thus, examining the potential of farm machinery 
co-ops for agroecological transition appears to be a relevant issue. 

 

Methods and Materials 

The machinery co-op: a socio-technical network of farmers' sharing arrangements 
In France, the agricultural policies of 1960 and 1962 have framed the modernisation process, 
by strongly valuing farmers' collective organisation and action. As a result, farmers' 
organisations have become driving forces to implement a family productivist farm model in 
France (Nicolas, 1988; Nicourt, 2013b). This explains the widespread machinery co-op 
network, which currently comprises more than 11,000 units throughout the French regions. 

On average, a French machinery co-op includes 25 farmers, with the smallest composed of 4 
farmers which is the authorised minimum membership. It is based on the commitment contract. 
For each member, the contract implies the commitment to use a minimum amount of one or 
several pieces of equipment for a multi-year period. 

To share machinery in the optimal way, machinery co-op's members often organise 
machinery-sharing arrangements to avoid the constraints induced by the sharing situation. For 
instance, to avoid competition among members of the machinery co-op when specific climatic 
conditions are needed to successfully perform some operations. Farmers also organise 
labour-sharing arrangements such as the following: joint organisation of tasks, delegating to 
common paid employees, mutual aid, etc. The machinery co-ops network promotes the 
organisation of labour banks between farmers to facilitate labour exchanges between peers. 

The habit of sharing equipment and working together may create a trust level that triggers 
other kinds of machinery-sharing arrangements between some members (often in a bilateral 
way), such as co-ownership. Some other resources-sharing arrangements may emerge or 
other kinds or collective arrangements, such as coordinated purchases pools (Lucas et al., 
2014). 

This is why the functioning of a machinery co-op cannot be understood without considering 
the whole socio-technical network of farmers' sharing arrangements that it is associated with 
Dodier (1995). 

Methodology 
Two theoretical frameworks from development studies and innovation sociology inspire our 
analysis. Work performed by the Dutch sociologist Ploeg (2008) regarding farmers' autonomy 
provided us with an analytical framework to examine farmers' strategies for developing their 
autonomy. Works of the French sociologist Darré (1996) deal with the knowledge development 
issue, generated by social interactions between farmers. According to Darré, a collective 
process occurs in dialogues between peers at the local level. In addition, individual farmers 
may simultaneously belong to other networks of dialogues, where they have access to other 
sources of knowledge, representations and narratives. This “multi-membership”, as Darré 
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calls it, is a source of novelties. These works have allowed us to focus on the experience of 
the farmers studied regarding the dialogical processes with their peers, which underpins the 
change process. 

Our methodology is based on two processes: 

1) We ran an exploratory survey of 15 farm machinery co-ops, covering different 
geographical contexts and farming systems. They were identified with the help of 
advisors of the machinery co-op network. In each selected co-op, some of the 
members had been engaged in sustainable practices requiring some pieces of the 
machinery co-op's equipment. Data collection took place through semi-structured 
interviews with one or several leaders of each co-op. We focused on the history and 
activities of the machinery co-op, especially in relation to specific machinery allowing 
development of sustainable practices. The exploratory survey allowed us to identify 
the search for autonomy as a common motivation among the different groups visited. 
 

2) We carried out in-depth research on six of these co-ops, whose members are engaged 
in legume introduction or no-tillage practices on their farms. Indeed, data of the national 
network of machinery co-ops currently reveal increasing investment in specific 
equipment regarding these practices. Thirty-six semi-structured individual interviews 
were conducted with farmer members of the six co-ops. The results of the interviews 
were recorded. Firstly they were analysed via a discourse analysis to identify the 
conceptions regarding autonomy. Secondly, the analysis has allowed us to draw the 
socio-technical determinants of farmers' strategies. 

 

Paths and practices for autonomy 
A whole series of circumstances has occurred over about fifteen years in France that has 
triggered initiatives from farmers to decrease the use of external inputs. Most of the 
interviewed farmers allude to the notion of autonomy to explain their new practices. 

Reducing external inputs 
Most of the farmers interviewed explain how they seek to decrease external inputs to reduce 
their costs, especially because of the current price volatility context that has set in since 2007. 

Some of the interviewees seek to produce more protein and legume crops and grass on farms 
to feed their animals. These ones may provide origin-based livestock products markets or be 
involved in direct selling to consumers. This new trend has emerged after important campaigns 
organised by environmental NGO (Greenpeace, WWF, etc.) during the 2000s against GMO 
soybean imported by the European livestock sector (Escobar, 2014). Moreover, one group of 
farmers were encouraged by their agricultural marketing cooperative to use less external 
inputs for an environmental product differentiation strategy.  

Most of the interviewees have introduced legume through winter cover crops, in response to 
the various agri-environmental schemes requiring the soil to be covered during winter.  

Farmers allude to the aim of developing their autonomy when they explain the integration of 
these practices, allowing them to reduce external inputs and to improve internal resources and 
potentialities. This reveals that the interviewees choose to face the external prescriptions or 
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pressures, such as price volatility, by actions that may contribute to strengthening their 
autonomy, especially by reducing their sensitivity to market fluctuations. 

Mastering the farming system 
Most of the farmers who were interviewed highlighted their wish to better master the technical 
processes whilst explaining their initiatives to develop autonomy. 

Firstly, some of them describe their difficulty in accessing some external inputs. For instance, 
to introduce legumes, input suppliers do not always offer the right diversity of seeds at the 
right moment with a good price. To face this difficulty, many of the interviewees have decided 
to organise on-farm seed production. Another example: farmers who have to buy external 
fodder explain they have to face irregular quality problems. They experience the fodder market 
as a surplus market, easily affected by climate variations, which does not provide a constant 
and homogeneous fodder quality. That is why they seek to improve their on-farm fodder 
production by developing means to limit the losses. They also make the most of winter cover 
crops to produce additional fodder. 

Secondly, most of the arable and mixed crop-livestock farmers experience increasing 
“agronomic deadlocks” because of short rotations, loss of organic matter and over-tillage. This 
explains changes such as no-tillage, new crop integration, winter cover crop development with 
legume introduction, and strengthening of crop/livestock interfaces. 

Thirdly, some of the interviewees claim to be more autonomous regarding advisory services. 
For instance, they have chosen not to externalise administrative tasks such as accounting. 
This allows them to better know and master their own situations and have the means to 
properly guide their decision making. They also seek to avoid working with agricultural 
advisors who are simultaneously input salesmen, or they confront their advice with other 
sources of knowledge. Some of them have experienced difficulties with gaining access to 
relevant information in relation to their new practices (especially about legumes cultivation) 
from advisory services. 

Finally, the price volatility that has occurred since 2007 often appears in the farmers' narratives 
as the final straw. This is on top of the other disappointments regarding input markets and 
advisory services, and has become a triggering factor for farmers to organise the adequate 
means to face them. In this way, farmers try to get their farming practices away from input 
markets and dominant socio-technical institutions. 

Progressing towards more sustainable practices 
The on-farm change process is strongly based on the determination and the resources of the 
farmers rather than on mobilisation of external techniques or inputs. Some of the farmers 
express the satisfaction they get from seeing the successful results of their own work and 
creativity. This encourages them to undertake new initiatives. This appears as a self-propelling 
dimension of autonomy development.  

The current development of agri-environmental state policies and schemes may validate 
farmers to engage in reducing external inputs. Moreover, as reducing external inputs may be 
a way to make agriculture more environment-friendly, some of them want to meet the current 
general socio-political expectations. This does not appear as the starting motivation, but much 
more as an additional convincing factor. Indeed, the narratives of the interviewees reveal the 
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paramount technical and productive norms and values in relation to their professional 
identification. 

Most of the new practices, such as legume introduction, no-tillage and winter cover crops, are 
considered to contribute to climate mitigation by expert assessment (Pellerin et al., 2013). 
Moreover, some of the interviewees, especially those engaged for more than ten years in a 
change process to develop their autonomy, nowadays achieve a low level of external inputs, 
even to the extent of converting to organic farming.  

 

The collective organisation to develop autonomy at the farm level 
The network of arrangements associated with the farm machinery cooperatives make the 
practical integration of new practices feasible at farm level. Over the long term, farmers 
manage to develop the autonomy of the farming system that had a prior high level of external 
inputs and a current high level of productivity, thanks to the collective organisation. 

The logistics challenge 
The new practices to develop farmers' autonomy imply some backward moves with regard to 
two entrepreneurial farming trends: specialisation and externalisation. This has consequences 
for logistics. Crops and production specialisation allows management of the farm with a 
restricted set of equipment, i.e. machinery that is specific to a few crops or products. The use 
of external inputs may be considered as an externalisation process of the needed resource 
production. That is why developing self-provisioning or diversifying by introducing a new crop 
may imply new logistical needs, such as processing equipment, storage infrastructures, 
adapted machinery, etc. 

Thus, dealing with a wide set of adjustable equipment to be able to diversify, to develop self-
provisioning and/or to better ground the farming practices on their specific ecological 
conditions, becomes a substantial challenge for farmers. That is why the farm machinery co-
ops are a significant asset in facing this logistical challenge by reducing equipment costs owing 
to the shared investment. Moreover, farmer members with mechanical skills contribute to 
developing tailored technological solutions, even self-built or self-designed equipment. In 
doing so, farmers seek to strengthen the “multifunctionality” of each piece of equipment. 

Better improvement and access to strategic resources 
Some resource-sharing arrangements are organised from the socio-technical network 
associated with the machinery co-op organisation. They facilitate some collective self-
provisioning strategies to reduce external inputs and to better access strategic resources 
which are not well supplied through markets. 

Seed-sharing is organised between farmers interviewed to avoid individual farmers having to 
multiply a wide set of the required seeds. The talks to collectively organise the multiplication 
work often emerge between farmers already associated through machinery- or labour-sharing 
arrangements, as well as through study groups.  

Resource-exchange arrangements are sometimes organised between arable and livestock 
farmers to make the most of synergies between crops and livestock to better manage access 
to organic manure. Farmers of one of the studied machinery co-ops have organised an 
innovative arrangement about cover crops. Two sheep farmers arrange with neighbouring 
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arable farmers to organise the grazing of cover crops by sheep. This allows the provision of 
organic manure to the soil during winter. In addition, the grazing of cover crops is an interesting 
way to reduce herbicide applications. 

The role of the technical dialogues 
The socio-technical network associated with the machinery co-op often functions as a network 
of technical dialogues between peers. These technical dialogues allow farmers to share their 
experiences, to compare their results and to confront their practices. By so doing, they can 
better draw valid conclusions from their on-farm observations. Labour-sharing arrangements 
are special opportunities for technical dialogues, because they allow each farmer to better 
know his peers' on-farm conditions and practices. The needed talks to share and adjust 
machinery also provide interesting opportunities for technical dialogues, through which 
machinery plays the role of the “intermediary object” among heterogeneous farmers. 

The local technical dialogues network triggered from the machinery co-op functions better if 
some farmer members are connected to other networks or study groups, or interact with other 
sources of knowledge. In most of the studied machinery co-ops, some farmers are connected 
to a study group or a regional peer-to-peer network devoted to no-tillage farming. This allows 
them to regularly participate in activities, such as training sessions, lectures, study trips, etc. 
Other farmers may benefit from the knowledge drawn from these activities through the 
technical dialogues with the “connected” farmers. 

Each socio-technical network associated with the machinery co-op does not provide equal 
opportunities for taking part in the technical dialogues. In some socio-technical networks, the 
technical dialogues tend to be more concentrated on a few farmers associated through 
multiple sharing arrangements. 

Moreover, few study groups and networks exist in France devoted to legume improvement 
and integration in farming systems. As a result, the interviewed farmers find it difficult to better 
master and improve the practices regarding this topic. This appears as an “orphan topic” when 
compared with existing no-tillage networks (Landel, 2015) and visible progress among no-
tillage practising farmers over the long term.  

Optimising work organisation 
Many labour-sharing arrangements are organised through the socio-technical network 
associated with the machinery co-op. We identify the following arrangements: joint 
organisation of the tasks to be carried out, individual specialisation within farmers' groups, and 
mutual aid. These allow farmers to optimise the on-farm work organisation. Indeed, the 
changes may imply additional operations at the farm-level, such as experimental activities, 
observation and improvement of ecological processes, and coordination tasks (especially if 
the new practices induce integration of a new crop or activity). Several machinery co-ops 
studied seek to delegate some tasks to common paid employees, especially through newly 
emerging pools of employers among farmers. These may allow them to dedicate more time to 
experimental activities, or to participate in study groups or thematic networks to access 
adequate knowledge to improve their practices. 
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Considering farmers' collective arrangements as a local arena for agroecological 
transition 
These results show how the search for autonomy and the collective organisation lead the 
studied farmers towards low-input and more diversified farming systems with a better use of 
the ecological functionalities. In a context of disappointments regarding agricultural institutions, 
the machinery co-op, which is a self-controlled farmers' organisation, appears as a relevant 
support to ensure their autonomy. The discussed examples show how the incremental change 
process can result in a systemic change over the long term. Moreover, the cooperative 
principles of the machinery co-op also ensure the practices durability over the long term. 
Indeed, the commitment contract ties each member to a minimal level of equipment use for 
several years. This was also observed by Ploeg in other agricultural contexts; through 
cooperation between farmers, the on-farm shifts tend to become enduring (2008). Finally, 
these results also echo other studies highlighting the role of experience- and knowledge-
sharing in farmers’ networks (Forney, 2016; Compagnone & Hellec, 2015). 

This research reveals how environmental schemes may benefit from existing collective 
farmers' arrangements, using them as a local arena for agroecological transition. First, we find 
it important to consider the farmers' search for autonomy as a potential starting point for 
agroecology. This is why we suggest designing the agri-environmental schemes at the local 
level in partnership with farmers' collectives. This seems to us a relevant way for farmers to 
participate in configuring the scheme in the sense that it strengthens their autonomy. Secondly, 
we highlight the need to support technical dialogues within local networks of farmers' 
arrangements to facilitate equal conditions for farmers to take part in the dialogues. Thirdly, 
supporting the possible connections between study groups and peer-to-peer thematic 
networks with local farmers' arrangements appears as a strategic means to improve change 
processes. 

Developing boundary spanning between conventional and organic farming communities 
appears as an interesting strategy regarding the role of the diverse sources of knowledge that 
interviewed farmers may access and connect with to improve their practices. That is why we 
call for new facilitation processes between organic and conventional farmers. We recommend 
putting shared items (machinery, equipment, strategic resources) centre-stage to facilitate 
dialogue, rather than belief systems and values. Indeed, in the studied machinery co-ops, the 
shared equipment and resources play a strategic role of “intermediary object” that facilitates 
technical dialogues. Indeed, to focus the dialogue on technical or material issues may avoid 
dealing with controversial ecological issues. 

 

Conclusion 
This paper highlights some features of the increasing desire among conventional farmers to 
develop their autonomy. In the last fifteen years, different ecological and socioeconomic 
pressures have triggered the need for farmers to gain more autonomy from the markets and 
the dominant socio-technical regime. The studied farmers become more autonomous by 
reducing the external inputs and by improving the use of their internal resources. 

They manage to develop their autonomy owing to both kinds of collective organisation. First, 
they are members of a farm machinery co-op which is associated with a local socio-technical 
network of farmers' sharing arrangements, which facilitates the cooperation among peers. 
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These allow farmers to better face logistics needs, to improve and to access strategic 
resources and to optimise their work organisation. Secondly, some of the interviewed farmers 
belong to study groups or peer-to-peer thematic networks that connect them to different 
sources of knowledge. This allows them to get away from advisory services which fail to 
provide the required knowledge for agroecological transition. These “connected” farmers may 
share adequate knowledge and their vanguard experiences through the technical dialogues 
that occur in the local arrangement network associated with the machinery co-op. 

The paper reveals the potential to make the most of existing collective farmers' arrangements 
to turn them into a local arena for agroecological transition. 

The collective innovation movement visible in the machinery co-ops induces new questions 
for the national network. Firstly, study groups and peer-to-peer thematic networks are 
complementary farmers' organisations which allow machinery co-ops to act as strategic niches 
for agroecological innovation. More cross-disciplinary partnerships between these 
organisations, and including research institutions, appear essential to develop the means for 
farmers to become more autonomous. Secondly, any social movement currently appears as 
a voice of the conventional farmers who develop agroecological practices to become more 
autonomous. The national network of machinery co-ops might become a protagonist, perhaps 
with other farmers' organisations, to represent this social group and promote their concerns, 
efforts, successful experiences and specific needs. 

Acknowledgements 
This study is based on research funded by the French Ministry of Agriculture, Agrifood and 
Forestry (2014-2016 CapVert Project and 2016-2019 Luz'Co Project). We would like to thank 
the farmers interviewed for participating in our research and the staff of the national network 
of the farm machinery co-ops for their support. 

  

1562



References 

Altieri, M.A., & Toledo, V.M. (2011). The agroecological revolution in Latin America: rescuing 
nature, ensuring food sovereignty and empowering peasants. Journal of Peasant Studies 
38(3): 587-612. 

Compagnone, C., & Hellec, F. (2015). Farmers’ professional dialogue networks and dynamics 
of change: the case of ICP and no-tillage adoption in Burgundy (France). Rural Sociology 
80(2): 248-273. 

Darnhofer, I. (2010). Strategies of family farms to strengthen their resilience. Environmental 
Policy and Governance 20(4) : 212-222. 

Darré, J.-P. (1996). L’invention des pratiques dans l’agriculture : vulgarisation et production 
locale de connaissance. Paris,France: Karthala. 

Demeulenaere, E., & Bonneuil, C. (2010). Cultiver la biodiversité. Semences et identité 
paysanne. In B. Hervieu, N. Mayer, P. Muller, F. Purseigle and J. Rémy (Eds.) Les Mondes 
Agricoles en Politique: de la Fin Des Paysans au Retour de la Question Agricole pp.73-92. 
Paris, France: Presses de Sciences Po. 

Dodier, N. (1995). Les hommes et les machines: la conscience collective dans les sociétés 
technicisées. Paris, France: Editions Métailié. 

Emery, S.B. (2015). Independence and individualism: conflated values in farmer cooperation? 
Agriculture and Human Values 32(1): 47-61. 

Escobar, M. (2014). Dynamics within and between NGOs’ influence strategies towards 
business : the case of environmental NGOs mobilising around soybean sustainability issues 
(2000-2013). PhD Thesis. Montpellier 1 University, Montpellier, France. 

Forney, J. (2016). Blind spots in agri-environmental governance: some reflections and 
suggestions from Switzerland. Review of Agricultural, Food and Environmental Studies 97(1): 
1–13. 

Francis, C., Lieblein, G., Gliessman, S., Breland, T.A., Creamer, N., Harwood, R., & Poincelot, 
R. (2003). Agroecology: the ecology of food systems. Journal of Sustainable Agriculture 22: 
99-118.  

Goulet, F. (2010). Nature et ré-enchantement du monde. In B. Hervieu, N. Mayer, P. Muller, 
F. Purseigle and J. Rémy (Eds.) Les Mondes Agricoles en Politique: de la Fin Des Paysans 
au Retour de la Question Agricole pp.51-72. Paris,France: Presses de Sciences Po. 

Hellec, F., & Blouet, A. (2012). Technicité versus autonomie. Deux conceptions de l’élevage 
laitier biologique dans l’est de la France. Terrains & Travaux 20 : 157-172. 

Landel, P. (2015). Réseaux d’action publique et accès aux connaissances pour la ‘transition 
écologique»’. Économie Rurale 347(3): 59-78. 

Lucas, V., & Sabourin, E. (2011). L’agroécologie brésilienne à l’épreuve de l’émancipation 
paysanne. (18 pp.). 5èmes Journées de recherches en sciences sociales INRA – SFER – 
CIRAD, Dijon. 

1563



Lucas, V., Gasselin, P., Thomas, F., & Vaquié, P.-F. (2014). Coopération agricole de 
production : quand l’activité agricole se distribue entre exploitation et action collective de 
proximité. In P. Gasselin, J.-P. Choisis, S. Petit and F. Purseigle (Eds.) L’agriculture en 
Famille : Travailler, Réinventer, Transmettre pp. 201-222. Paris, France: EDP Sciences. 

Lukes, S. (2006). Individualism. ECPR Press. 

Morgan, K., & Murdoch, J. (2000). Organic vs. conventional agriculture: knowledge, power 
and innovation in the food chain. Geoforum 31(2): 159-173. 

Nicholls, C., Altieri, M., & Vazquez, L. (2016). Agroecology: Principles for the Conversion and 
Redesign of Farming Systems. Journal of Ecosystem & Ecography S5(1): 1-8. 

Nicolas, P. (1988). Émergence, développement et rôle des coopératives agricoles en France. 
Aperçus sur une histoire séculaire. Économie Rurale 184(184–186): 116-122. 

Nicourt, C. (2013a). De l’élevage au commerce. Économie Rurale (3): 69-84. 

Nicourt, C. (2013b). Être agriculteur aujourd’hui: l’individualisation du travail des agriculteurs. 
Paris, France : Editions Quae. 

Nicourt, C., Cabaret, J., Darduin, U., & Delanoë, M. (2015). Être intégré et bio. Vulnérabilité 
et compensation des éleveurs de volaille bio intégrés. Review of Agricultural and 
Environmental Studies 96(2): 339-360. 

Pellerin, S., Bamière, L., Angers, D., Béline, F., Benoît, M., Butault, J. P., … Pardon, L. (2013). 
Quelle contribution de l’agriculture française à la réduction des émissions de gaz à effets de 
serre ? Potentiel d’atténuation et coût de dix actions techniques. (Synthèse du rapport 
d’étude.). ADEME/INRA. 

Ploeg, J.D. van der. (2008). The new peasantries : struggles for autonomy and sustainability 
in an era of empire and globalisation. London: Earthscan/Routledge. 

Schneider, S., & Niederle, P.A. (2010). Resistance strategies and diversification of rural 
livelihoods: the construction of autonomy among Brazilian family farmers. The Journal of 
Peasant Studies 37(2): 379-405. 

Stock, P.V., Forney, J., Emery, S. B., & Wittman, H. (2014). Neoliberal natures on the farm: 
farmer autonomy and cooperation in comparative perspective. Journal of Rural Studies 36: 
411-422. 

Vanloqueren, G., & Baret, P.V. (2009). How agricultural research systems shape a 
technological regime that develops genetic engineering but locks out agroecological 
innovations. Research Policy 38(6): 971-983. 

Wezel, A., Brives, H., Casagrande, M., Clément, C., Dufour, A., & Vandenbroucke, P. (2015). 
Agroecology Territories: Places for Sustainable Agricultural and Food Systems and 
Biodiversity Conservation. Agroecology and Sustainable Food Systems 40(2): 132-144. 

Wiskerke, J.S.C., & Ploeg, J. D. van der. (2004). Seeds of transition: essays on novelty 
production, niches and regimes in agriculture. Assen: Van Gorcum Ltd. 

1564



 

Informed participatory research, a methodological approach for investigating 
the potential of organic farming in the transition of food systems  
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2 Earth and Life Institute, Université catholique de Louvain, Belgium 

Abstract: A study on the prospects for organic agriculture in 2025 suggested four possible 
evolution scenarios; from the most optimistic, where organic farming would be the main 
agricultural model, to the most pessimistic, where organic farming would have been diluted 
into a new form of sustainable conventional agriculture. Two main elements could lead to the 
most pessimistic scenario. The first element is the heterogeneity of organic farming (e.g. 
different scales, various levels of mechanisation, varying degrees of adherence to 
agroecological principles). This diversity complicates organisation among farmers and is 
potentially confusing for consumers. The second element is the development of short food 
marketing channels that give priority to local products regardless of their organic farming 
status. The role of research is not to decide on the best pathway in the transition of farming 
systems, but to provide the tools for investigating the possible pathways and for supporting 
decision-making. In this regard, we developed a series of ‘informed participatory research’ 
(IPR) steps designed for use by research centres. IPR combines the classic elements of 
participatory research and a specific, comprehensive and multi-dimensional assessment of 
the diversity of farming systems. The method has been implemented in Wallonia, Belgium, 
where public institutions are supporting a strategic plan for the development of organic farming. 
The IPR approach provides a way of integrating technical and social tools within a dynamic 
framework of analysis and action. 

Keywords: Organic, transition pathways, informed-participatory-research, research institution, 
production systems 
 
Introduction: organic farming at the crossroads 
Recent meta-analyses comparing conventional and organic farming systems have provided 
scientific evidence on the positive impact of organic agriculture (OA) on the environment, 
employment, food quality and the reduced use of antibiotics for livestock (Tuomisto et al., 2012; 
Tuck et al., 2014; Baret 2015). Nevertheless, key indicators such as profit and yield are still 
higher in conventional agricultural systems (Crowder & Reganold, 2015). A recent meta-
analysis (Ponisio et al., 2014) showed that appropriate investment in agroecological research 
aimed at improving OA management systems could greatly reduce or eliminate the yield gap 
between organic and conventional farming systems for some crops and regions. A fair 
comparison between organic and conventional options is difficult because it depends on the 
farming systems (De Ponti et al., 2012; Baret, 2016) and because one of the principles of OA 
is the management of contextual resources at the farm and regional scales (e.g. climate, 
landscape topography). OA approaches are therefore highly site-specific (Rigby & Cáceres, 
2001; Lamine & Bellon, 2009).  
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Despite the limited investment in research on OA, this sector’s share of the market is 
increasing in most European countries. This could be related to consumer awareness of the 
importance of their food choices (impact on health and environment), but also to a change of 
mind among farmers, who see in OA both an economic opportunity and a benefit for their own 
health and for the sustainability of their farms. In Wallonia, in the southern part of Belgium, OA 
has enjoyed strong growth since 2005. In 2014, the threshold of 10% of Walloon farmers in 
OA was passed. The consumption of organic products in Belgium has been consistently 
increasing since 2008 (‘Les Chiffres Du Bio 2014 | Biowallonie’ 2016). About 7% of Belgian 
families consume organic products on a weekly basis and, in 2014, nearly nine out of 10 
Belgians consumed organic products. In Europe, the land under OA increased by 78% 
between 2004 and 2014, and in eight European countries more than 10% of agricultural land 
is now under OA (Willer & Lernoud 2016). 

The focus on OA by consumers, farmers, researchers and public authorities is clearly 
increasing. A study on the prospects for OA in 2025 suggested four possible scenarios for this 
agricultural model (‘4 Scénarios Pour Le Bio à L’horizon 2025’, 2016). One scenario, labelled 
‘Bio-based’, shows that, in the context of a serious food and environmental crisis, OA would 
be an obvious choice and would be the main model for French agriculture. Conversely, the 
‘Bio-suspect’ scenario envisages the dilution of organic farming into a sustainable local 
agricultural system because OA would be discredited by such problems as traceability (e.g. 
suspected fraud) and serious medical crises (e.g. Escherichia coli). The conventional sector, 
with greater media and PR capacity than the organic sector, could send stronger messages 
to the consumer. 

Zanoli et al. (2012) suggested that the drivers of the future development of OA are, first, 
support policies and, second, consumer demand. Whatever the drivers, OA remains a 
potential solution to the main ecological and economic challenges facing food systems (De 
Schutter & Vanloqueren, 2011) and is a key option for farming systems in a resource-
constrained world (Freibauer et al., 2011). Further development of OA approaches will require 
considerable investment in research and the development of OA-specific methodologies.  

At the European level, OA research funding is low and declining (Baret et al., 2015). In this 
context, research should focus on the efficient use of available resources. OA is highly 
knowledge intensive and dependent on context, which suggests that a participatory research 
approach building on farmers’ knowledge would be more efficient than a conventional top-
down approach (MacMillan & Benton, 2014). Gibbon (2002) defined participatory research as 
an active partnership of farmers and other key stakeholders in the research process from 
design to evaluation. Participatory research is often associated with the issue of technology 
adoption in developing countries. In the context of OA in Europe, the main attraction of 
participatory research is that it offers better integration of farmers’ expectations, knowledge 
and constraints (Eksvärd & Rydberg, 2010). The challenge of participatory research is to 
bridge the gap between the conventional knowledge of farmers and the abstract knowledge 
of scientists.   

The contextualised nature of OA practices and systems also means that organic systems are 
diverse. 

The rationale of this paper is that prior knowledge of the diversity of farming practices and 
systems should be the starting point of the participatory research process. Data collected from 
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farmers should be shared with participants in the participatory research process if the research 
is to be relevant and grounded in reality. We have called this approach ‘informed participatory 
research’ (IPR).  

In this paper, we focus on the specific context of OA in Wallonia, where the government is 
supporting OA research. The challenge is to develop new avenues of research. Given the 
diversity of OA systems (see next section), we propose a participatory approach based on 
integrating the information about these diverse practices and systems. 

Diversity of organic agriculture models  

Diverse practices in organic farming 
Unlike non-organic farming, OA is controlled by its own regulations, specifications and 
labelling. Organic production relies on a diversity of techniques and socio-economic models, 
from the most agroecological systems of production to quasi-industrial systems. Given this 
diversity of OA systems, different options can be considered and research on OA should take 
this range of options into account. 
 
The production system used by an organic producer depends on several factors, including the 
history and suitability of the land, the influence of the family and the level of mechanisation. 
Opportunities and obstacles, level of education, professional experience off the farm and 
farming experience itself are all part of a personal history that affects a farmer’s perspective, 
which is a major driver of the technical choices made (Vanwindekens et al., 2013). Factors 
such as socio-cultural background, farming background of the family, presence of old and/or 
young generations also have an impact on choice of production practices and marketing 
channels. For example, market gardening is attracting young producers, many of whom are 
not from farming families and are therefore not constrained by socio-cultural history. They 
have a strong ecological vision of farming and most of them are developing small-scale 
agroecological organic systems (Dumont & Baret, 2016). 

Diversity of systems of organic vegetable production 
With regard to vegetable production in the Walloon region, we identified four main models, 
ranging from market gardeners working on a few hectares to cereal farmers who included 
some vegetables in their crop rotation (more details on this study are available in Dumont and 
Baret, 2016). In each model the producers had similar histories, socio-cultural backgrounds 
and work orientations. The first group comprises market gardeners with a small area (less 
than 2.5 ha) who try to prioritise ecological values, as well as paying attention to profitability. 
Producers with larger areas (2.5 - 7 ha) and a higher level of mechanisation are also very 
concerned with environmental issues, but they take more account of the current socio-
economic context. They prioritise certain social issues for their workers, particularly in terms 
of training and welfare at work. Both these groups want to participate in building an 
agroecological paradigm. The third group of vegetable producers is the most mechanised. 
They put more emphasis on economic criteria, even though they have chosen OA for 
ecological and health reasons. Some of them, alongside the producers in the fourth group 
(growing vegetables in field crops) produce organic vegetables purely for economic reasons. 
As time goes by, many of them feel increasingly concerned about environmental issues, but 
they still implement new practices only when they consider these practices to be at least as 
cost-effective as conventional practices. They use conventional practices for some of their 

1567



 

fields and often see organic practices in terms of input substitution. This observation could be 
specific to the Walloon region context, where there are very few vegetable farmers. 

Organic, local or sustainable conventional farming? 
The multiplicity of production systems leads to confusion among consumers. For example, 
producers seen as participating in the promotion of OA (Bellon & Lamine, 2009) (i.e. in the 
third and fourth groups described earlier) are sometimes criticised for selling their products 
abroad or to supermarkets (Dumont et al., 2016) and/or for not applying agroecological 
production practices.  
 
New elements are also blurring the distinction between organic and sustainable conventional 
agriculture. These include: (1) conventional producers who claim to use organic practices; (2) 
organic producers who do not want to pay for OA certification (for various reasons, e.g. they 
are in a precarious financial situation, lack assured land ownership, consider certification more 
suited to industrial OA, cannot cope with the administrative load); and (3) farmers who 
simultaneously use both conventional and organic farming practices.  

In addition, consumers lack a clear vision of the heterogeneity of production models in the OA 
sector and therefore do not understand why the same vegetable product with the same origin 
can be sold at very different prices. For example, vegetable boxes from local producers are 
often sold via cyber-commerce at very different prices across the Walloon region. Boxes sold 
directly by producers who are market gardeners on small acreages tend to be more expensive 
because each producer personally produces a diversity of vegetables and therefore has a 
high workload. Consumers usually cannot choose the vegetables contained in these boxes. 
Boxes that are cheaper and contain a combination of vegetables chosen by the consumer 
tend to be those produced by the third and fourth groups described earlier, as well as foreign 
producers and wholesalers. 

Consumers lack the information they need to make informed choices when buying organic 
products. Many of them think it is better to buy local products from conventional small farmers 
who use some organic practices or work in sustainable agriculture than to buy generic 
products certified as organic. They try to find the right balance between price, quality and 
support for local and sustainable agriculture.   

 
How research can take account of farming system diversity and support transition 
pathways 

Identifying the diversity of situations is the first element in the IPR process. A given innovation 
(e.g. a new variety or tool) will not have the same impact or the same relevance in different 
farming systems (Van Damme et al., 2014). The identification of this diversity of systems 
highlights the need for a system level approach to complement the plant and plot levels.  

Is a systemic and participatory approach the best option for organic farming?  
As OA is based on the agroecological paradigm in agriculture (Vanloqueren & Baret, 2009), 
systemic participatory research is a prerequisite for the methodological approach.  
 
Participatory approaches are based on a new vision of relationships among farmers, other 
stakeholders and scientists. From a political point of view, they should help to build consensus 
on intricate issues such as environmental impact and genetically modified (GM) crops. Within 
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the theory of innovation, participatory approaches are often contrasted with the top-down 
diffusion of innovation. As noted by Landel (2012), participatory methodology is redefining 
power relationships in the research and development process and this redefinition could lead 
to new technical options for sustainable development in agriculture. Using participatory 
methods, both scientific and empirical knowledge are valued and farmers’ needs and 
constraints are taken on board right at the outset of the process of innovation. Participatory 
methods seem to be more appropriate for producing evidence for action and sustainable 
development (Cornwall & Jewkes, 1995). 

Participatory approaches are often presented as positive and relevant for achieving more 
sustainable food systems, but there are drawbacks. In a comparative study of conservation 
agriculture in France and Brazil, Landel (2015) showed that when participation meant 
collaboration among economic stakeholders to produce evidence and efficient technologies 
for a particular model of conservation agriculture, the imbalance in terms of information and 
knowledge between private stakeholders (mainly agricultural suppliers) and farmers favoured 
a vision of conservation agriculture that relied on using chemical herbicides and neglected 
other more ecological practices, such as OA. The rules of participatory processes were 
followed and all the stakeholders had the same level of investment, but the commercial 
company experts contributed most of the technical knowledge and their influence was 
therefore critical in determining the technical pathways. Thus, the participatory approach 
paradoxically reduced the farmers’ freedom of choice. The most sustainable option was not 
promoted and conservation agriculture was restricted to the chemical based version. The 
significant drawbacks in this situation were the lack of technical knowledge among local 
stakeholders and the power held by the commercial stakeholders because they had mastered 
the requisite knowledge. 

The Informed Participatory Research (IPR) approach 
The methodology proposed in this paper is being implemented within the context of a new OA 
research strategy in Wallonia. First, we will describe the overall process, with all the steps 
(Figure 1), and then we will outline how the process is being implemented in Wallonia. The 
process has not been fully completed yet, but the first results are promising. 
 
Our concept of IPR comprises both the classic elements of participatory research and a 
specific, comprehensive and multi-dimensional assessment of farming system diversity that is 
used as an input in the participatory process.  
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Figure 1. Scheme of the Informed Participatory Research process 

IPR is based on two pillars. One is the collection of data on the diversity of food systems from 
farmers and other stakeholders in the food chain. The data, based on (a) interviews with 
individual actors and (b) quantitative information, is called ‘reflexive information’ (Ir) because 
it is based mainly on information collected directly from with actors. These actors include those 
involved in the transition to OA as well as conventional producers in the mainstream system, 
Complementary information can be collected from other sources (Io). All this information (Ir 
and Io) constitutes the initial input into multi-actor discussions.  

The second pillar is the use of (d) focus groups and (e) workshops, which extends the set of 
stakeholders to scientists. The participatory information (P) collected during focus groups 
comes from small meetings of 6-12 farmers in which a researcher (or facilitator) uses some 
inputs (in our case TresoGest, see below) to initiate an exchange of information among the 
farmers. During the workshops, Ir, Io and P information is brought to the participants (multi-
actors in the scheme) for sharing and elaboration. The overall process results in a systemic 
assessment of food systems. Knowledge gaps are discussed with the stakeholders in the 
information process (scientists and experts, as well as farmers and others involved in the food 
chain). With the stakeholder dimension, the participatory process gives rise to new 
partnerships in overcoming obstacles. In some cases it leads to the co-design of innovations. 

IPR is rooted in a comprehensive and objective description of reality. The aim is to identify: (1) 
types of agriculture; (2) visions of agriculture; and (3) the tensions and synergies among these 
types and visions that favour or hinder transition, in addition to the classic elements of 
participatory research.      
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In order to address these issues we suggest using approaches such as comparative 
agriculture (Cochet, 2011) with comprehensive sociological tools. This type of approach allows 
room for understanding the complexity of reality, including all relevant actors affected by 
transition, and it highlights the multiple links among the diverse types of agriculture.  

The present study has shown the importance of research on knowledge gaps. Producers, like 
consumers, do not always have enough information on the different production types in order 
to make important decisions. For example, some market gardeners with small acreages who 
want to participate in an agroecological paradigm will use tools with lower fuel efficiency (e.g. 
a rototiller replacing a tractor) in an effort to reduce the impact of mechanisation on the 
environment, although there is no evidence of lower fuel consumption. Others might move to 
a system based on using a small tractor to reduce their work burden, but this requires an 
acreage increase.   

Tentative implementation of IPR in organic farming in Wallonia 
In the development of an OA Research Plan for Wallonia, we have tried to apply these 
principles.  
 
As a first step, we took account of the diversity of practices for each type of OA (mixed livestock, 
field crop, pig and poultry, vegetable and fruit). For that, we identified a network of 43 
innovative OA farms. On each of these farms, we sought to (1) document the practices and 
(2) identify the needs with regard to technical advice and related research via 90 semi-directed 
interviews during a process of network building. The two objectives will be refined during 
frequent field visits, with quantitative measurements and discussions on practices and 
constraints with each farmer (Ir in Figure 1). In parallel, the College of Farmers, a new 
institution officially responsible for consulting farmers, set up a process of consultation with 
the entire OA sector through focus groups and online surveys. The participation of OA farmers 
in this process was higher than that of conventional farmers, for which the College also has 
responsibility in terms of the identification of needs.  

We then compiled a list of the needs identified through the 90 interviews on the 43 farms, the 
results of the College of Farmers consultation and the questions raised in interactions with 
farmers and other stakeholders during various meetings. The resulting file contained 280 
items, all with their origin identified.  

For the identified issues, the practices and research linked to these needs were documented 
(Io in Figure 1) and used as a basis for discussions of the different scenarios at participatory 
thematic workshops. These workshops with farmers were prepared in consultation with skilled 
extension, training and consultation stakeholders. The information emerging from the 
workshops was integrated into the overall review and knowledge base (P in Figure 1). 

For example, we conducted a workshop with six farmers engaged in mixed-livestock farming 
where we used an economic tool, TresoGest, to examine the system of farming practices. 
TresoGest is based on spreadsheets on which farmers input their income and expenditure so 
as to obtain an overview of their revenue. The detailed costs for each accounting unit (e.g. 
feed, veterinary care) are presented in a comparative framework, with the agreement of the 
farmers. This fostered an exchange of experiences among the farmers about their practices. 
The use of tools such as TresoGest has various benefits, including: (1) generating interest 
and confidence among farmers; (2) covering a wide range of topics, from production practices 
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to marketing channels; (3) giving farmers a sense of ownership of their data; and (4) providing 
a wide range of reliable and detailed quantitative and qualitative data. 

The accumulated information and the workshops helped to identify the knowledge gaps that 
needed to be addressed by research and to define the type of research required, such as 
techno-oriented trials, experimentation on farms and multi-actor collaboration. For example, 
in the case of cattle fattening, in addition to the technical skills needed to produce a quality 
product, with the possible contribution of research, there is the issue of marketing being 
locked-in. Unlocking the marketing process would involve changing retailers’ specifications, 
among other things. In this respect, scientific evidence such as taste tests could be used to 
lobby retailers more effectively. This would not be enough to unlock the system, however; 
other actors need to be involved. In the case of pig meat production, this outcome could be 
achieved by training producers and by making all (e.g. technical, trade-related) information 
available to encourage them set up producers’ organisations that would be strong enough to 
talk to retailers and access suitable distribution channels. These training workshops would be 
conducted in cooperation with research, extension and organic farmers’ organisations). 

The collaboration between research centres and other research institutions, such as 
universities, is crucial for ensuring a comprehensive description of farming systems, the 
development of analytical tools and a good balance between qualitative and quantitative 
dimensions. 

The added value of applying informed participatory research  
Transition pathways need not only funding for developing specific technical research, but also 
new methodologies and tools for addressing new types of issues. OA is holistic in essence, 
and when farmers first move into OA they tend to have very limited access to information 
about it. In many cases, their main adviser is another farmer, and often met by accident. Many 
farmers have to look for information abroad. Thus, farmers build up their own expertise and 
knowledge network. All this points to the need for systemic and participatory research methods 
that are not widely used in research centres. By using reflexive information (lr) tools, the IPR 
approach helps to avoid an imbalance in information collected from the actors involved. 
 
We have also shown that in agriculture in general there is a diversity of OA models. OA can 
contribute to a transition or to a change in the paradigm in an agroecological way. However, 
there is a real threat to OA. As researchers, our role is not to promote a particular model, but 
to provide the tools and methodologies that will support stakeholders along their transition 
pathway. We propose IPR as a suitable approach for documenting the diversity of options and 
providing the keys to understand the reasons for and consequences of this diversity. We hope 
that this methodology can be extended to any type of agriculture. In addition, by highlighting 
the knowledge gaps, IPR provides researchers with guidelines for the thematic research 
needed within the context of the reality of the various options. 

The emergence of systemic issues documented by the actor stakeholders rooted in the real 
situation implies the development of new partnerships among actors but the different levels of 
knowledge could lead to imbalances among these actors. The IPR approach ensures a fair 
share of information among them. 

The IPR approach offers a way of integrating technical and social tools within a dynamic 
framework of analysis and action. 
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Workshop Theme 4: Emergence and application of new technologies 
 
Workshop 4.1: Boosting research outputs: novel approaches for integrating 
research translation with interactive co-innovation 
Convenors: Paul Newell Price, Frits van Evert, Nicole Koendeink, Jan Top and Julie Ingram 
 

Although innovation is understood to encompass much more than R&D, science continues to 
be an essential ingredient. Many EU and nationally funded research projects in the fields of 
agriculture and forestry have provided excellent scientific results. However, outreach and 
translation of these results into farming and forestry practices is limited. The challenge is to 
boost innovation by facilitating the uptake of formal and empirical knowledge, and its 
integration into field practices. With respect to research this requires a combination of science-
driven research and interactive innovation-driven research (EU SCAR, 2012). New 
approaches are needed that integrate the translation of formal research into practice with 
interactive co-innovation within networks of actors. The European Commission-funded FP-7 
project VALERIE (VALorising European Research for Innovation in agriculturE and forestry – 
www.valerie.eu) is applying such an approach to improve the exchange of information 
between agricultural researchers and practitioners to encourage the transformation of new 
concepts and results into practical use (in the context of management of soil, water, pests, 
waste; ecosystem services and supply chains).  

This workshop invited papers to present novel integrative approaches (research 
methodologies and development and application of tools) applied in the context of sustainable 
agriculture that (i) facilitate access to, and application of, research information;  (ii) enable a 
dialogue between stakeholders and researchers and promote mutual learning and co-
innovation; or (iii) translate scientific research outputs into practical knowledge or innovation. 
The workshop comprised 4-5 fifteen minute sessions for the presentation and discussion of 
papers and a 30 minute session to demonstrate and discuss the developing “ask-Valerie.eu” 
stakeholder interaction and search tool and to summarise workshop findings on improving 
information exchange for innovation. 
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Inserting co-innovation into research translation: experiences from the 
VALERIE project 
 

Ingram, J.1, Gaskell, P.1, Mills, J.1, Dwyer, J.1 and de Wolf, P.2  

1Countryside and Community Research Institute, UK 

2DLO, Wageningen University, Netherlands 

Abstract: Although innovation is understood to encompass much more than R&D, science 
continues to be an essential ingredient. In particular translation, adaptation and ‘valorisation’ 
of research results, the responsiveness of research to users’ needs and improved access to 
results are all regarded as important in achieving a more sustainable European agriculture. 
These challenges can be addressed in a number of ways including increased collaboration, 
networking, transdisciplinary research and co-operation between researchers and 
practitioners. From a theoretical and practical perspective such approaches often involve 
inserting elements of co-innovation into the traditional science-driven model. Whilst a number 
of studies have examined the processes entailed in co-innovation, such as co-reflection, 
learning, reflexivity, and co-creation of knowledge, less attention has been paid to integrating 
co-innovation processes into the translation of existing scientific research outputs. This paper 
examines this topic within VALERIE, a project using an iterative stakeholder-driven 
methodology to create an effective retrieval facility for science-driven research outputs. 
Specifically the paper aims to understand the interplay between users’ identification and 
articulation of research needs and providers’ matching of these needs. The evolving 
methodology provides useful insights into the process of, and highlights some challenges 
associated with, integrating co-learning and research outreach. 

Keywords: Research translation, co-innovation, reflection, arable farmers, supply chain 
 

Introduction 
Although innovation is understood to encompass much more than R&D, science continues to 
be an essential ingredient, as international, EU, and national level policies reiterate (OECD, 
2010). These argue that there is a compelling need for research1 to play a significant role in 
meeting the innovation challenges of increased demand for food balanced against the need 
to deliver other ecosystem services. If this role is to be fulfilled, provision needs to be made 
for outreach and translation of research, to enable effective deployment of innovative research 
as an essential part of the process. How the innovation process operates has been the subject 
of much scholarship in which two broadly distinctive models of innovation have been 
described: linear science-driven research and interactive innovation-driven research (EU, 
2012; Klerkx et al., 2012). The science-driven model is largely a linear process, characterised 
by publicly-funded research and carried out by research organisations with little involvement 
of users, where outputs are judged on scientific quality. In the interactive model, framed within 
innovation systems thinking, innovation is a collective process combining knowledge from 
many different sources, using networks of producers and users of knowledge, who become 

                                                           
1 Whilst it is acknowledged that ‘research’ can refer to outputs from a number of sources in a number of different 
forms, here the term is used to denote the formal scientific process, which produces scientific information as 
scientific literature, reports etc. 
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integral to the agenda-setting and research process, and outputs are judged on user 
relevance. 

Although distinguished by different motivations, drivers and processes, these models describe 
systems that often operate together. Indeed effective interaction between the two is seen as 
important for optimal functioning of the Agricultural Knowledge and Innovation System (AKIS 
- EU, 2012; McIntire et al., 2009). Critically, involving end-users is regarded as essential in 
achieving translation and boosting innovation by facilitating the uptake of formal and empirical 
knowledge, and its integration into field practices. The integration of different actors (farmers, 
advisory services, brokers, intermediaries, consumers, private sector, policy makers) in 
research agenda-setting and in the research process arguably strengthens the role of 
research (OECD, 2010). It is envisaged that such involvement of actors through innovative 
networks assists the translation and ‘valorisation’2 of results (EU, 2012). From a theoretical 
perspective this involves inserting elements of the interactive model, characterised by co-
innovation processes, into the science-driven model. 

Whilst a number of studies have examined the processes entailed in co-innovation (co-
reflection, learning, reflexivity and co-creation of knowledge) less attention has been paid to 
understanding the integration of co-innovation processes into science-driven approaches. 
Equally, with respect to the latter, although adoption of innovations is well understood, there 
has been less focus on the multiple processes that underpin the translation of research. This 
paper examines these gaps drawing on experiences in the VALERIE3 project which aims to 
boost the outreach of research in agriculture and forestry from national, international and EU 
research projects, using a co-innovation approach. As EU research is increasingly advocating 
co-innovation approaches it is particularly useful to reflect on the methodological challenges it 
brings (EU, 2013). 

Conceptualising innovation processes  
A prevailing problem identified in Europe is the increasing disconnect between research and 
farming, which means that research is often not sufficiently related to farm praxis (Leeuwis et 
al., 2004). In several EU countries there are challenges in transferring results from research 
into practice and in channeling practitioners’ demands for knowledge into research and 
advisory agendas. In particular, it is argued that many users of knowledge need more adapted 
knowledge from research that is better translated to their understanding and needs.  

Within the framing of the science-driven research model these challenges have been 
addressed by an emphasis on better adoption of innovations from research (OECD, 2010) as 
well as an emerging interest in translational research by enhancing ‘valorisation’ of research 
results, the responsiveness of research to users’ needs and access to results; and by putting 
more emphasis on networking and transdisciplinary research (EU, 2012). This thinking is part 
of a wider realisation that research interventions can take many forms, and that the utilisation 
of scientific information is just one element of a much broader role that research can play in 
enhancing practitioners’ capacity to innovate (Douthwaite et al., 2003).  

The interactive model, drawing on Systems of Innovation (Smits et al., 2010) and Agricultural 
Knowledge Systems (Hall et al., 2006) approaches, recognises that innovation is distinct from 

                                                           
2 ‘Valorisation’ is used here in the sense of giving meaning and (non-monetary) value to research 
3 (VALorising European Research for Innovation in agriculturE and forestry www.valerie.eu) 
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research. Within this thinking agricultural research is re-conceptualised as part of increasingly 
complex, interactive and learning based systems, and research is seen as just one of the 
many ‘stakeholders’ within the system (Sumberg, 2005). Innovation is described as an 
emergent product ‘co-produced’ through interactions between heterogeneous sets of actors, 
such as farmers, input industries, processors, traders, and researchers, as well as NGOs and 
government actors at different levels; as the result of a process of networking and interaction 
(Hall, 2001). Research plays a role in this co-production, but the involvement of end-users is 
central in determining, undertaking and translating research results into technologies and 
practices so that such knowledge is co-produced (Klerkx & Nettle, 2013). In this sense both 
models are characterised by some form of translation of research. 

Processes within the interactive model are widely referred to as co-innovation and are linked 
to a range of concepts such as reflexivity (Van Mierlo et al., 2010), knowledge co-creation and 
knowledge and innovation brokering (Klerkx & Leeuwis, 2008a). These have been well 
researched, however, the role of actors within innovative networks in the translation and 
‘valorisation’ of research results is less well understood. In particular, how users express and 
communicate their research needs, how providers respond to these needs, and how users 
evaluate, utilise and adapt scientific knowledge, has received little attention.  

The concept of matching supply and demand has been used to frame analysis of the user 
knowledge needs (and other resources necessary) for innovation and how these needs are 
met. Studies at different scales, focusing on the research-policy interface (McNie, 2007), the 
role of intermediaries (Klerkx & Leeuwis, 2008b), and innovation support services (Kilelu et 
al., 2014) offer some insights. They show that the diagnosis and analysis of problems and 
articulation of demands can be challenging, and that the process involves concretising 
unspecified needs into clear demands with continuous re-articulation through dialogue 
between the demand and supply sides (Klerkx & Leeuwis, 2008b). 

These insights into the role of users and providers in the translation of research results offer 
a framework for the VALERIE methodology to integrate a co-innovation approach into a more 
traditional model of science-driven research. This paper aims to understand the interplay 
between users’ identification and articulation of research needs and providers’ matching of 
these needs in the context of the VALERIE project. Specifically it looks at how stakeholders 
in case studies concerned with arable agriculture identify, formulate and articulate innovation 
issues (research demands) and how project researchers search existing scientific research 
outputs to suggest solutions to these issues, and in turn how stakeholders respond to these 
efforts. 

Context and Methodology 
The premise of the VALERIE project is that many EU- and nationally-funded research projects 
in agriculture and forestry provide excellent scientific results but that outreach and translation 
of these results into farming and forestry practices is limited. The challenge is therefore seen 
as boosting innovation by facilitating the uptake of formal and empirical knowledge, and its 
integration into field practices. Overall the project’s objective is to translate research outcomes, 
with a special interest in innovative and applicable approaches, into end-user content and 
format (for farmers, advisers and enterprises in the supply chain), and to provide easy access 
to it. This is through the development of a smart retrieval system (ask-Valerie) for use at a 
European level. It does this by extracting and summarising knowledge from national, 
international and EU research projects and studies concerning innovations in agriculture and 
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forestry; with a focus on six selected themes. These outputs are screened, filtered and tested 
with stakeholders (SH). Essentially the methodology understands that solutions derived from 
research need to be re-built on the farm, with the involvement of relevant actors. 

The project methodology is based on a structure that links three research approaches and 
activities integrated in iterative cycles, driven by stakeholders. These ‘extract knowledge’, 
‘coordinate co-innovation in case studies’, and ‘create an ontology (a structured vocabulary)’. 
Case studies (CS) and their stakeholder communities (SHC) are at the core of this iterative 
process, they are organised around a particular supply chain, a farming / forestry sector, or a 
landscape, and so cover different scales and dimensions.  

This paper concentrates on the co-innovation in case studies and extract knowledge cycle 
within four case studies (Table 1), which involve SH demand articulation and the supply of 
scientific knowledge. The ontology cycle (also stakeholder driven) which is concurrently 
developing a digital but knowledgeable ‘assistant-expert’ (ask-Valerie) is described elsewhere 
(Willems et al., 2015). The cycle starts by SHs in each CS identifying innovation issues 
(research needs) in participatory meetings facilitated by Case Study Partners (CSPs). The 
project Thematic Experts (TEs) then search existing scientific literature, EU reports etc. and 
extract information for innovation solutions to address these issues. They synthesise this and 
prepare end-user formats (factsheets) and the CSPs present these to the SHC to apply, test, 
refine and screen for their innovation potential in the local context. The SHC then feedback 
their evaluation of the solutions to the TEs, thus completing one cycle. The cycle is repeated 
and at each iteration innovation issues are reviewed and refined, further information or 
clarification is sought and new, or more detailed, innovation issues are generated. CSPs use 
a Dynamic Research Agenda (DRA) tool for monitoring and evaluation of this process allowing 
the SHs to revisit and refine the innovation issues at each SH meeting, developing the 
Dynamic Agenda (DA) described by Van Mierlo et al. (2010) . Reflection on the process is 
built in at SHC, CS, TE and project level.  As meetings have progressed the SHC have 
identified trials to apply and test the potential of selected innovations in the local context using 
SH farms. These trial results will be integrated into the ask-Valerie retrieval facility. 

Data analysed for this paper are derived from three cycles using meeting reports and DRAs, 
semi- structured interviews with CSP, CSP training and discussion/reflection workshops and 
discussion with TEs. The following analysis is drawn from four agricultural CSs (Table 1) and 
looks specifically at the first stage of innovation: issue identification, factsheet preparation, 
evaluation and feedback. These CS exhibit a range of SH innovation issues as well as different 
contexts and CSPs. The SHC in all these CS were already connected by a previous project 
activity and a common interest. 

Identification of innovation issues and finding solutions: the influence of context and 
process  
The results to date have shown that the way SHs identify their innovation issues and articulate 
these differs according to an interaction between contextual and procedural influences. 
Identifying issues and problems and articulating these has taken different forms in the CS. 
This is influenced firstly by the CS context: the CS goals, the innovation system and SH 
experience of innovation support, the actors involved, the composition of the SHC, their 
interests, their ‘professionalism’ or research literacy, the CSPs and the TEs; and secondly by 
processes within the project: the nature of participation and SH engagement, participatory 
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methods used to ascertain their innovation issues and their prioritisation. Results from four CS 
are summarised in Table 1. 

Context  
The CS are diverse in terms of their social and technical context and history and this has a 
strong influence both on what and how innovation issues are identified and articulated as well 
as on the solutions found and the responses to these proposed solutions.  

Identifying innovation issues 
The influence of existing project or group activity on SH identification of innovation issues was 
evident. Although briefed to encourage SH to step back from existing interests and boundaries 
and identify broad goals and visions, CSP either decided this was not appropriate or found 
that SH had difficulty in doing this. Furthermore, SHs in some CS found it hard to focus on 
research needs, straying instead into wider systemic issues related to markets or other factors 
which could not be addressed with scientific information. This could reflect poor understanding 
of the task, or difficulty in distinguishing problems and ways of addressing them, but primarily 
it reveals how SHs operate in innovation systems; where agronomic issues are only one factor 
of concern and where scientific knowledge is not particularly regarded as contributing to 
problem solving. 
Articulating the innovation issue in terms of concrete and manageable questions or topics for 
researchers at an appropriate level of detail was something that some SHs found hard to do. 
Existing activity and innovation support in CSs influenced both the process of identification 
and articulation, and the SH’s level of understanding and therefore expectation. SHs had all 
engaged in previous projects or supply chains with technical support and were already 
accessing up-to-date specific agronomic information. In supply chains, there has been a 
substantial amount of research already undertaken and utilised. The potato supply chain SHs 
included some professional growers who regularly sought, and were familiar with, scientific 
information, and they were able to focus on specific questions about causes of poor crop 
quality. Equally, innovative farmers in the CS concerned with soil management, with a long 
history of support from an agronomist, demonstrated a certain level of understanding of soil 
science which allowed them to define their innovation issues and questions in detail. However, 
those in the bread wheat supply CS, who were also well supported, found it harder to identify 
issues where solutions were not already available. 

Finding innovation solutions 
Assumptions are made that TEs could interpret and understand the SH’s issues and 
questions. TEs’ searching, extraction, retrieval and summarising of research has been highly 
responsive to SHs’ needs and provided some up to date and useful information. However in 
a number of cases there has been difficulty in understanding the CS context and in finding 
relevant information or research that is solution-oriented. There were also apparent challenges 
in translating the scientific information into a usable and acceptable format. 
 
Whilst some CS SH articulated their issues clearly, the difficulty others had in expressing their 
issues of concern in terms of concrete or manageable research questions at appropriate levels 
of detail is something the TEs found challenging. In some cases issues and associated 
questions were too generic and this created a difficult task for TEs who encountered a vast 
array of scientific literature on the topic and needed to filter down to a more specific enquiry. 
Establishing a dialogue between CSPs and TEs was important (as well as TEs attending 
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meetings) so that where questions or needs were not concrete enough TEs could seek 
clarification and SHs could reformulate issues and questions. 

The first stage of factsheet preparation, setting out selected solutions to SH issues, met 
variable responses. Some CS SHs (e.g. in the UK) have found them helpful in providing useful 
information. However other CS SHs rejected the factsheets as not being very useful because 
they proposed infeasible approaches or were not specific enough, or they were detailed but 
the SHs were already well served with similar information and the factsheets added nothing 
new. In the potato supply chain, although the SHs found the factsheets quite general, their 
expectations were not too high. The CSP described the SH as “a critically positive group of 
SH; they have very specific questions related to their business.  SH don’t expect a complete 
and concrete solution. When this is available, fantastic, but also information that can help to 
find or create a solution is fine.”  

Mismatching of issues and solutions was attributed by some project partners to poor 
formulation of issues, as one remarked “Sometimes farmers don’t ask good questions, they 
sometimes have the answer in the question”. The effective translation of scientific information 
into a format and content that is useful for farmers was also revealed to be a challenge. One 
CSP highlighted the difference between farmer information needs and what was viable from 
research, saying “the challenge for VALERIE therefore is to reconcile their expectations for 
contextualised data of practical and validated information with the available [scientific] 
documents which are characterised by …reports and scientific articles”. Where factsheets 
were not helpful, issues were reviewed, refined, removed or added to in subsequent CS 
meetings using the DRA tool.  

The project’s aim is to be solution-oriented, with the intention that innovation issues would be 
identified by SHs, and innovation solutions can be derived from scientific information. 
However, the ability of research to provide answers to innovation issues and problems is 
questioned, both in terms of the delivery format and, more fundamentally, in terms of the utility 
of the scientific information. Significantly, one CSP said that SH were not so interested in the 
factsheets and scientific information as they “aren’t looking for research per se they are looking 
for solutions”.  Another CSP reiterated this saying “(Some) SH don’t have any research gaps, 
they are not aware that they need innovation”.  

Co-innovation process 
A central part of co-innovation reported in this paper is the identification of innovation issues 
(research needs), and a key process for this is stakeholder engagement using participatory 
approaches. The project approach recognises that achieving consensus is difficult, that the 
co-innovation process is a dynamic and evolving process that requires re-articulation and 
reflection. By building on existing CS SHC relationships and holding a series of interactive 
meetings, the intention was to establish a dialogue between users and providers of innovation 
solutions over the project period of four years. Methods used in the meetings (Table 1) 
followed a similar format of progressively building up from individual identification of issues to 
group consensus and prioritisation. Two years into the project provides an opportunity to 
reflect on this process. 

The nature and extent of SH participation is contingent on a number of factors, most of which 
were in the hands of the CSPs. CSPs clearly have an important role, not only in selecting and 
convening the SHC, in facilitating the meetings, explaining the nature of the project and the 
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aims of the meetings and exercises, but also in implementing the methods, prioritising the 
innovation issues and communicating these back to TEs. Although CSP were guided, trained 
and given a common format for approaches and methods to use and reports and DRA to 
prepare, inevitably different interpretations appeared.  

The CSPs are thus key actors in steering the co-innovation process. They are also important 
intermediaries acting as interpreters for the project and gatekeepers controlling access to the 
SHs for the SHC. They have to manage expectations for both the SHC and the project and as 
such have a divided identity. CSPs have to manage project fatigue amongst SH, and 
disappointment and scepticism which some SHs have expressed when the project has not 
been able to meet their innovation needs. CSPs align themselves to their SHC (often their 
‘clients’), they acknowledge steering SHs towards pragmatic or easy to answer innovation 
issues that can be trialed within the project period, protecting their interests and in doing so 
maintaining their relationship. In CS where SHs were found to prefer to have an immediate 
solution rather than invest time in a dialogue, CSP selected issues with quick positive 
outcomes, which did not always match those from the research retrieval process, to sustain 
SH interest. The project’s timetable and the CSPs’ desire not to overload SH also meant the 
SH meetings were restricted to 4-5 with 6 month intervals between. This in turn limited SHs’ 
opportunity to understand and engage with the project aims and to consider and articulate 
their innovation issues in a thorough and meaningful way.   

Discussion and Conclusions 
The iterative methodology of identification and articulation of innovation issues and supply of 
innovation solutions from scientific knowledge is at an early stage of development. As the 
project progresses this process is evolving, assisted by reflection throughout, at project, case 
study and SHC levels. The DRA has been a useful tool in monitoring the process, allowing SH 
to review, reiterate and refine their issues, as well as evaluate the proposed solutions. 
Experience to date reveals that operationalising co-innovation is challenging, as described in 
other studies (Botha et al., 2014), with no set recipe or protocols to follow. The process is 
complex and the outcomes unpredictable due to the variable context and procedural 
influences in the CSs. Involvement of end-users in determining, undertaking and translating 
research results (as others have shown) can be demanding (Klerkx & Nettle, 2013), with SHs  
differing in the way they identify, formulate and articulate issues, and respond to researchers’ 
proposed solutions.  

More fundamentally, the results reveal the assumption that innovation issues equate to 
research demands and that scientific knowledge equates to innovation solutions to be quite 
simplistic, as in reality the process is far more nuanced. Producers already have a high degree 
of experience and complex knowledge which they use for everyday problem identification and 
solving (Baars, 2011).  Asking them to externalise this process and to articulate issues in an 
explicit way that can be interpreted by researchers is not a straightforward process and in 
some cases requires sustained dialogue, clarification and a number of iterations. Furthermore, 
the assumption that scientific information will provide a solution to these innovation issues as 
opposed to other sources of knowledge, or indeed other factors, is also revealed as a rather 
one dimensional view. However, despite these challenges, experience to date has shown that 
involving end users in the translation process provides opportunities to facilitate the uptake of 
formal scientific knowledge.  
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The aim of the paper was to understand how translation of research could be enhanced by 
combining the benefits of interactive learning networks with those of linear dissemination 
models. It has done this drawing on the VALERIE project which set out to translate research 
outcomes. The co-innovation process is complex and, in particular, reconciling the supply and 
demand of scientific information can be highly pragmatic and contextual in nature. However, 
the VALERIE project is helping us to better conceptualise and plan for a more effective 
translation of research for different types of practitioners in contrasting local situations, and 
how better to foster coherence between co-innovation and broader scientific research 
agendas and processes. This project will provide important insights for the European 
Innovation Partnership with respect to its thinking and support of interactive innovation (e.g. 
through Horizon 2020 research and Rural Development Programme operational groups).   
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Agronōmics – an arena for synergy between the science and practice of crop 
production  
 

Kindred, D.1, Sylvester-Bradley, R.1, Clarke, S.2, Roques, S.1, Smillie, I.1 and Berry, P.3 

1ADAS, Cambridgeshire, UK 
2ADAS, Nottinghamshire, UK 
3ADAS, North Yorkshire, UK 

Abstract: Progress towards sustainable intensification depends on effective exchange of 
knowledge and data between industry and academia. This requires engagement of both 
farmers and researchers, recognition that innovations can occur in the field as well as in the 
lab, and that researchers have as much to learn from farming and farmers as vice versa. A 
number of initiatives in the UK are recognising the value of farm networks for effective 
knowledge exchange and for asking questions of relevance on-farm; however the value for 
science is less well recognised.  Uptake of digital record keeping and precision farming 
technologies is now becoming ubiquitous, providing new opportunities for farmers to share 
data amongst themselves and with researchers to generate new insights, but crucially also 
allowing farmers to make interventions in-field and to measure their impacts on-farm, for 
example by yield mapping. New statistical approaches are required to draw robust conclusions 
from this sort of data, but the authors believe its use could be transformative of agronomic 
science, so much so that we have created a new term to describe the approach; namely, 
‘agronōmics’. The major benefits of experimenting in fields with farmers are: i) working at a 
relevant scale with the ability to test treatments not possible at the plot scale; ii) the potential 
to assess treatment interactions with soil differences (experimenting with soils is challenging 
with conventional plots); iii) the potential for greater precision to evaluate treatments with 
confidence intervals of less than 0.5 t/ha; and iv) engagement of farmers, hence embedding 
knowledge exchange within research. However, it is crucial for effective knowledge exchange 
that farmers and researchers share the same concepts and metrics. ADAS has thus 
established the Yield Enhancement Network to allow both arable innovators and researchers 
to compare actual farm yields with theoretical ‘potential’ yields (estimated using conventional 
crop science concepts) and hence to develop the common conceptual framework necessary 
to underpin yield-targeted innovations. 

Keywords: Tramline comparison, precision farming, participatory research, knowledge 
exchange, statistics, experimentation, network, yield, data  
 

Connecting science with practice for sustainable intensification 
Biology extends physics and chemistry into the heightened complexities of life, and agricultural 
science extends biology because it invokes human intelligence to manipulate life.  However, 
we submit that science has yet to recognise and achieve significant intimacy with the 
fascinating emergent properties that determine field and farm-scale production processes.  As 
a consequence, there remains significant potential, both for systems-thinking and agricultural 
progress in developing new approaches and conceptual frameworks for application at the 
broad (field to region) scales of most agricultural outcomes and decisions.  A new holistic 
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approach to agriculture should augment and complement conventional reductionist research 
of plants in pots or plots, where fine scale effects of genes, proteins, cells, tissues and organs 
are studied; we call this new arena ‘agronōmics’ 1 . Timescales for implementation of 
agronōmics are short because the challenge facing agriculture of producing more whilst 
impacting less is very real and immediate (Foley et al., 2011), yet current progress is slow, 
especially in crop productivity (Grassini et al., 2013). To be successful in meeting the 
challenges it is crucial that researchers, farmers and food supply chains engage effectively 
(Klerkx et al., 2010). It is increasingly recognised that knowledge generation and exchange is 
not a one way process from the researcher’s lab to the farmer’s field, yet the UK has largely 
dismantled its infrastructure for agronomic research, exchange and education (Royal Society, 
2009).  Funding and operation of relevant knowledge generation are currently separated 
(Wielinga, 2014); the two communities habitually work at different scales and in different 
places, their concepts for analysis of crop performance differ, and any extrapolation between 
small (science) and large (industry) scales has to entail large untestable ‘leaps of faith’. We 
contend that what is needed is a shared interest in the challenges and constraints faced in 
farmers’ fields.   

Participatory research has long been practised in developing agriculture but it has seldom 
occurred in developed agriculture, particularly in the UK (Edwards-Jones, 2001) and it has yet 
to make a tangible impact in science.  It is our contention that a detailed consideration of the 
problems and limitations faced in the field and at larger scales (as in the supply chain) is 
needed by the research community in order that scientific understanding can be enhanced 
and appropriate solutions developed.  In addition to translating scientific innovations from the 
laboratory, science is incomplete and ungrounded whilst it is disconnected from the 
innovations and observations made by practitioners in the field or in the supply chain. 
Researchers need to understand, develop, test and assimilate these innovations and the 
underlying problems that they address.  

Knowledge exchange networks 
Whilst there have always been social networks of growers around agronomy groups, clubs, 
societies and farming associations, a number of recent initiatives have sought to augment 
these with new networks, often exploiting new IT capabilities. Many new networks concern 
one-way extension of scientific programmes.  However, the European Innovation Partnership 
(EIP) programme under the EU Horizon 2020 programme challenges traditional ideas about 
Agricultural Knowledge and Innovation Systems (AKIS) and pursues an ‘interactive innovation 
model’ seeking to link farmers, advisors, researchers, businesses and other actors in 
‘Operational Groups’ (Wielinga, 2014).  

In addition, acknowledging the primacy of industry practitioners, the Agriculture and 
Horticulture Development Board (AHDB) Cereals and Oilseeds sector has established over 
24 Monitor Farms across the UK. Each Monitor Farm is ‘owned and operated’ by groups of 
around 20-30 local farmers and advisors, and set their own agenda around issues of local 
concern from which they find relevant solutions (http://cereals.ahdb.org.uk/get-

                                                      

1 The line over the second ‘o’ signifies that it is pronounced long, as in genomics, and means the science of field-
scale agriculture, as distinct from agronŏmics, sometimes used to mean the existing branch of economics that 
deals with agriculture, pronounced with the second ‘o’ short.  
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involved/monitor-farms.aspx). The emphasis here is on farmer to farmer learning rather than 
top-down dissemination of ‘best practice’.  

Field Labs 
It is becoming acknowledged that ‘best practice’ is not a rigidly defined recipe, rather it 
continually evolves through recent innovations and experience. Furthermore, best practice is 
quantitative, involving adjustment of chemical quantities or dates of sowing or of chemical 
applications; optimal crop management in each field depends on the specific combination of 
soil, weather, genetics and a myriad of environmental interactions, such that ‘best practice’ for 
one farm system and in one location cannot be expected to hold for another similar one 
hundreds of miles away, and often not for one next-door!  This points to the importance of 
local generation and adoption of optimal practices for individual farm circumstances. 
MacMillan & Benton (2014) recognise that farmers are practical experimentalists who 
continually innovate, test and adapt agronomic practices, cultivations and technologies, but 
until now this has been largely unrecognised and uncollated by formal science; refereed 
scientific papers with farmer authorship are extremely rare.   

However, a recent UK farmer-focused innovation programme set up by Duchy Originals Future 
Farming Programme with funds from the Prince of Wales Charitable Foundation is adapting 
participatory approaches used in developing countries to help UK farmers assess their own 
ideas in ‘Field Labs’ (MacMillan & Benton, 2014). Small groups of farmers tackle identified 
problems in workshops with a facilitator and relevant researcher to advise on experimental 
designs and existing knowledge. Around 450 farmers have participated in the field labs so far 
on 20 different subjects. Given their recent introduction, there is as yet little evidence to say 
that Field Labs will hasten progress or precision in crop management, or hasten progress in 
crop science, but if farmers are measuring (therefore studying) the most telling metrics then 
at least the introduction of a scientist, who can suggest advise and analyse the data, offers 
the prospect of more impact, both on practice and science. We therefore hope that 
participation in Field Labs will spread more widely, and we are encouraged that a network for 
‘Innovative Farmers’ has been formed (www.innovativefarmers.org) and that individual groups 
are eligible to receive financial support under the EIP scheme administered in the UK with 
CAP Pillar 2 funds.  

Yield Enhancement Network 
In response to cereal yield stagnation (Knight et al., 2012), and in recognition of the need to 
engage and energise farmers, suppliers and scientists in joint understanding of yield and its 
limitation, ADAS set up the Yield Enhancement Network (YEN; www.yen.adas.co.uk) in 2012. 
The YEN’s aim is to identify arable innovators and support them in testing yield enhancing 
ideas (Sylvester-Bradley & Kindred, 2014). Thus far the YEN has been entirely industry funded, 
it engages with many farms including several AHDB Monitor Farms, and rather like the ICI ‘10 
Tonne Club’ in the 1970-80s (Weir et al., 1984) it engages with research organisations such 
as ADAS, NIAB and Rothamsted Research. It runs a yield competition, and uses the yardstick 
of biophysical yield potential (based on light energy and water availability) to allow fair 
engagement of farms with lower yield potential as well as those able to achieve high absolute 
yields. The competition element provides a focus for the YEN and ensures capture of 
trustworthy yield values, along with associated data on crop development and management; 
crucially the YEN includes analysis of crop samples to explain the variation in yields. In its first 
three years the winning yields were 13.6 t ha-1 in 2013, 14.5 t ha-1 in 2014 and 16.5 t ha-1 in 
2015.  The latter yield broke the previous official world record (Sylvester-Bradley et al., 2016). 
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The YEN has achieved broad engagement of the arable industry, farmers and the farming 
media through workshops and ‘Ideas Labs’, and it is now working to become a vital platform 
for scientific engagement by: i) providing ideas and hypotheses on routes to yield 
enhancement for researchers to test; ii) generating a growing dataset of yields with associated 
soils, meteorological, physiological and agronomic data; and iii) providing a network of farmers 
who are keen to interact with scientists and conduct or host experiments on-farm. A key 
element of the YEN is the establishment of a common conceptual framework and quantitative 
metrics to analyse yield, in order to ensure effective industry-science dialogue. Interestingly, 
whilst most current research investment is seeking yield enhancement through genetic 
advances, analysis of YEN data indicates that the technologies required to overcome yield 
shortfalls are just as much logistical, mechanical and chemical, as they are genetic.   

Precision farming technologies 

Farm data capture 
Most large arable farms now use farm management software to record cropping information 
and an increasing proportion of arable farms utilise precision farming technologies to monitor 
and treat their crops (Defra, 2012). Yield monitors are ubiquitous now on modern combine 
harvesters, giving farmers instantaneous measures of yield during harvest and yield estimates 
by field. Whilst there are many issues around the calibration and accuracy of yield monitors 
(Ross et al., 2008) it is clear that these provide the best (and often only) measure of yield on 
a field by field basis. Connecting the yield monitor to GPS allows yield mapping, thus recording 
and reporting spatial variation in yield within fields. In addition to these new yield 
measurements, many crops are now assessed in-season via measurement of spectral 
reflectance, either by on-tractor sensors (e.g. N-Sensor, OptRx and Isaria systems), 
unmanned aerial vehicles (UAVs or drones), manned airplane flights (e.g. Spectrum Aviation, 
2Excel) or by satellite imagery (e.g. SOYL and AgSpace in UK, FarmStar Expert in France). 
Soil variation is also commonly assessed by soil electrical conductivity (Corwin & Plant, 2005).  

Technologies on modern application equipment such as seed drills, fertiliser spreaders and 
sprayers allow application rates to be varied on-the-move. When combined with global 
positioning systems (GPS) and crop sensing technologies, variable rate applications can be 
set up, informed by the variability seen in yield maps, crop sensing, satellite imagery and soil 
sensing.  

Earth Observation by satellite is now widely used at national and regional scales to judge crop 
condition and expected yields. With the launch of the Sentinel satellites by the European 
Space Agency, satellite data are increasingly available at a scale and frequency to monitor 
and compare crops at the field scale. Wide opportunities exist for the exploitation of this free 
data both commercially and by researchers.  

Thus there is a rapidly increasing wealth of spatially defined data available at scales relevant 
to farm decision-making, and thereby a new arena for research is being created.  We call the 
new science being generated at this scale ‘agronōmics’.   

Using farm data 
Despite the wide commercial uptake of precision technologies, questions remain over 
appropriate management responses to spatial data; benefits of variable rate applications are 
often difficult to prove and appear relatively small (Kindred et al., 2016). It is of concern that 
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many farmers have collected large volumes of data without extracting good value from them; 
once the obvious lessons have been learned (e.g. the extent and positions of consistent yield 
variation within a farm) there can be an element of ‘so what?’  The science of agronōmics is 
still too immature even to offer routine means of data processing and analysis at this scale, let 
alone guidance on how best to derive understanding and to optimise industry practices.   

However, there is a lot of current interest in ‘big data’ from both industry and academia.  Initial 
plans, for example of the new Agri-Tech Innovation Centre ‘AgriMetrics’, are to both 
amalgamate multiple sets of farm records and integrate these with spatially referenced 
measures such as of meteorology, soil and satellite imagery. Commercially, the big interest is 
in using such datasets to develop algorithms for decision support. However, in order to realise 
the benefits from such datasets, new statistical techniques and analytics are needed; even 
the seemingly simple notions of just collating and then viewing data from different precision 
technologies and different systems over multiple years should not be under-estimated. Our 
experience is that collating such data across farms presents significant challenges and, whilst 
automation will eventually be possible, data preparation and analysis are currently time-
consuming. Cloud based systems clearly now offer the best theatre for integration of spatial 
datasets, with potentially far easier data transfer (e.g. via telematics), processing, storage, 
viewing, amalgamation, interrogation and computation, especially for analysis across large 
numbers of farms.  However, cloud based systems are as yet far from ubiquitous, and their 
functions still require development.   

Given the vast expansion in farm-generated data, their often novel constitution (e.g. multi-
spectral reflectance, magnetic inductance, lidar), and their direct availability to practitioners 
rather than to crop scientists, approaches to spatial data analysis and interpretation have 
commonly been simple, superficial and empirical.  On the other hand, the sciences of crops 
and soils have built comprehensive and mature conceptual frameworks for measurement, 
analysis and explanation of performance over recent decades. The immediate and vital 
challenge for agronōmics is thus to effectively integrate the various data sources currently 
available (e.g. soil, weather, crop sensing, satellite sensing, historic yield maps and imagery) 
into meaningful metrics that are of value both in practice and in science.  Based on the farmer-
researcher networking initiated in the YEN, we believe there is now an urgent need to translate 
the data appropriately and devise ‘Crop Intelligence Systems’ that sense and report crop 
growth and development in relation to available resources (light energy, water and 
temperature). This would provide a platform for comparing crop performance between fields, 
farms, regions and years, and a framework for drawing inferences on the impacts of 
management decisions in relation to impacts of soil, climate and environment. It would also 
provide the rational basis from which to drive algorithms to support strategic and tactical 
decision making in crop management. 

On-farm testing 
It is our contention that the most valuable attribute of precision farming technologies is the 
capability they provide to farmers of assessing the effects of management decisions. On-farm 
testing has long been carried out by interested farmers in tramline or split field comparisons, 
often with support from the agricultural supply industry in the form of free products to test. The 
advent of GPS, yield monitors, yield maps and variable rate application equipment has made 
setting up, measuring and recording these treatment comparisons easier. Farmers can and 
do set up comparisons on farms to address a range of questions, including choice and 
optimisation of varieties, cultivations, fertilisers, pesticides, biostimulants, organic additions 
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and cover crops. In the past these sorts of ‘demonstration’ trials have generally been ignored 
by scientists; they are considered inexact, unscientific and inconclusive, due to the lack of 
quality control, randomisation, replication and statistical analysis.  Furthermore, as any cursory 
examination of farm yield maps will show, considerable care is needed in drawing conclusions 
from farm trials; spatial variation is such that no two areas in a field will yield identical average 
measures. As Fisher identified when devising conventional methodology for field 
experimentation (e.g. Fisher & Wishart, 1930) proof is not just required of a difference between 
two treatment areas, but that the difference is due to the treatment and not just inherent spatial 
variation. Some studies have however recognised the potentially greater measurement 
replication available from mapping harvesters and have developed approaches for using farm 
strip trials with more scientific credibility, often for use in developing and evaluating variable 
rate applications (e.g. Hicks et al., 1997; Plant, 2007; Griffin et al., 2008; Whelan et al., 2012; 
Lawes & Bramley, 2012).   

We believe that it is feasible that the greater replication of individual measures from yield 
mapping and crop sensing, combined with the right geospatial models and statistical tests, 
could provide credible high precision comparisons. If a farmer can see a difference in the crop 
‘to a line’ coinciding to a known management difference, this provides the farmer with 
overwhelming evidence that the intervention has had an effect. Within standard conventional 
science and agricultural statistics however there is no current framework for accepting such 
evidence as ‘proof’ of a causal effect. 

Spatial experimentation, a useful addition to conventional plot experiments 
Conventional crop experimentation relies on small plot trials laid out in replicated, randomised 
blocks analysed by ‘analysis of variance’ as set out by Fisher in the 1920s (Street, 1990). This 
approach effectively separates the spatial variation and measurement errors in order to 
conclude on the significance of treatment effects and has served agriculture well for the past 
80 years. However, these experiments only compare treatment effects over relatively small 
areas; the same relationships might not apply over larger management zones, whole fields, 
whole farms or regionally. Also, the limited replication within the experiments may limit their 
precision. The precision of conventional trials with 3 or 4 replicates harvested by small plot 
combine harvester typically can’t significantly detect differences of less than 0.5 t/ha, yet many 
individual agronomic decisions made by farmers cost in the region of £10 to £30/ha, equivalent 
to less than 0.3 t/ha.  

In addition, choice of uniform land and randomisation of treatment positions in conventional 
experiments is specifically used to minimise effects of soil variation, thus disabling the ability 
to test soil differences or any effects that soil differences might have on treatment effects. The 
conventional approach to assessing soil differences is simply to compare multiple experiments 
from fields with different soil types. However, soil differences between fields are confounded 
by many other differences, including farmer, variety, management, previous cropping and 
weather. In contrast, most fields vary significantly in soil properties, and these offer opportunity 
to examine soil effects and variations in response to farm interventions with minimal 
confounding effects (i.e. where crop management etc. are identical); indeed soil attributes can 
be used as explanatory factors in an analysis of experiments involving systematic treatment 
allocation across known soil variation.  This approach is best exemplified by the chessboard 
experiments conducted by ADAS to evaluate variation in nitrogen fertiliser requirements 
across fields, with systematic N response treatments (0,100, 200 & 300 kg N/ha) set up by the 
farmer at multiple grid points across a field (Figure 1).  
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Figure 1. Aerial photographs of chessboard N response trials 2010-2012 (Source: 
Kindred et al., 2016) 

These experiments have transformed our interpretation and understanding of variation in N 
responses and the role of soil variation (Kindred et al., 2016). Also, because these trials were 
set up by farmers using commercial application equipment they have also demonstrated the 
power and relevance of working with farmers at a field scale. Whilst these experiments were 
highly replicated with ~10m plots harvested by plot combine, they demonstrate the potential 
for learning about soil variation at larger scales, and potentially using commercial ‘yield 
mapping’ combine harvesters to measure the ultimate outcomes. 

Developing agronōmic systems 
Recognising the potential of spatial experimentation and farm-run trials to support a shared 
arena for investigation between scientists and farmers, to provide greater precision in 
treatment differences, and to allow evaluation of soil interactions, ADAS is developing 
agronōmics systems. These exploit many of the emerging technologies for on-farm 
automation and precision farming so as to enable quantitative crop phenotyping at the scales 
of field and farm, and to provide new understanding of spatially variable factors, particularly 
soil, through scaling-up field experimentation.  

As seen at present, the essential components of effective ‘agronōmics’ systems will be: (i) 
motivated and coordinated networks of farmers with regional and landscape dimensions; (ii) 
more precise on-farm and experimental machinery; (iii) new spatially-referenced statistical 
techniques for on-farm testing; (iv) facilitating software; and (v) accepted explanatory concepts, 
such as the analysis of crop yield in terms of ‘resource capture’. ADAS has initiated work to 
support the development of ‘agronōmics’ (funded by Innovate_UK), collaborating with British 
Geological Survey, AgSpace, BASF, Trials Equipment Ltd., and VSNi. We are developing the 
farmer networks, harvesting protocols and machinery, software and spatial statistics that 
should enable farmers and researchers to establish and harvest tramline-scale treatments, 
transfer and store yield data in a standard format, clean the data to remove outliers, add 
information on combine run, direction and position, correct data for time lags, locate tramlines, 
treatments and wheelings and allow calculation of means and variances by combine run and 
by tramline. We have also devised ‘Spatial Discontinuity Analysis (SDA)’ (i) to test for 
differences in yields on either side of a treatment boundary, and (ii) to assess how treatment 
responses vary within-field e.g. due to soil variation (Rudolph et al., 2016). 

Example yield maps of tramline trials are shown in Figure 2 where comparisons were made 
of fertiliser nitrogen (N) rates of 60 kg/ha more and less than the standard field N rate. Whilst 
spatial variation within fields is generally larger than the effects of imposed treatments, we 
have been able to assess treatment effects at tramline scale with detection limits of between 
0.05 and 0.8 t/ha, dependent on the quality of the yield data and the inherent spatial variation. 
Whilst there are still improvements to be made in quality of data from yield monitors, and in 
statistical approaches, it seems that comparable precision can be made in tramline-scale 
comparisons as is currently achieved in conventional small plot trials.  
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Figure 2. Example yield maps showing effects of different N treatments applied to 
tramlines, red = low yield, blue = high yield. Yield (t/ha) ranges: 9-12.5 t/ha. 

 

ADAS is also investigating the use of plot combine harvesters fitted with continuous weighing 
hoppers and GPS to derive finer-scale yield maps than are possible with current commercial 
harvesters and that should enable higher precision treatment comparisons than can be 
achieved through commercial farm operations. 

Farm Research Networks 
Wielinga (2014) holds that effective interactions between farmers, advisors, researchers, 
consumers, policy makers and other stakeholders should increasingly be seen as the most 
important means of achieving joint learning and innovating for sustainable intensification. This 
could supersede the old model of innovations supposedly flowing from the researcher to 
farmers as end users. The European Innovation Partnership scheme under Horizon 2020 
explicitly seeks to support such networks of farmers, advisors, industry and researchers in 
order to develop farm innovations.  

There are a number of farm networks in the UK that now act (or could be held to act) as ‘farm 
research networks’, where farmers are working with researchers to gain new knowledge. The 
Field Labs organised by Innovative Farmers and the YEN are two examples of this already 
mentioned above. In addition:  

 The AHDB LearN project is working with 18 farms across England using simple 
tramline comparisons by farmers on 3 fields per farm over 4 years to assess variability in 
N requirements between fields, farms, regions and years, and to determine better ways of 
judging how much N to use farm by farm.   
 As part of the Cost-Effective Phosphorus Project funded by AHDB Cereals & Oilseeds 
Frontier Agriculture Ltd. is developing a network of farms using tramline trials to test how 
the value of phosphate placement interacts with soils of different P status.  
 Working with Sainsbury’s, the co-operative Camgrain, millers and around 30 growers 
in the Sainsbury’s Wheat Development Group, ADAS has conducted research to seek 
better understanding of variation in grain protein and its effect on breadmaking, and 
identify routes to predict and improve protein content. Insights have been gained from the 
pooling of farm data across fields and years with known yields and protein contents, 
analysed by multi-variate analysis. This generated hypotheses on fertiliser use that were 
later tested using tramline comparisons, providing grain and flour samples for quality 
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measures and baking tests giving useful conclusions on farmer decisions that affect the 
quality of the end product, as well as farm profitability and environmental efficiency.  
 In support of marketing hybrid barley varieties, Syngenta has organised a series of 20 
reference fields per year, where their hybrids’ performance is compared in split fields with 
conventional varieties.  
 The AHDB Monitor Farms offer the potential to act as a Farm Research Network, 
though is not currently set up to fully engage research & development with knowledge 
exchange. 

Thus there is an increasing experience amongst farmers of engagement in research activities.  
The vision for Agrōnomics is to develop the facilities, techniques and infrastructure (virtual, 
web-enabled networking) whereby increasing numbers of interested farmers with yield 
mapping capability can elect to take part in structured tramline comparisons to address their 
most compelling questions. For the existing research community such networks should offer 
significant new opportunities for progress in the sciences of both soils and crops. 

Opportunities in evolving agronōmics  
The idea that investment in science naturally delivers innovations of use to industry is patently 
too simplistic. Any analysis of agricultural progress (e.g. Sylvester-Bradley, 1991) reveals that 
it is the farmers, or those close to farms, who make the most numerous and telling innovations. 
Science creates understanding, so provides the arena in which innovation can take place, but 
it is industry practitioners who know the detail and can tailor innovations to fit the farming 
jigsaw.  Thus, whether on-farm or in lab, effective innovators usually ‘know farming’.  
Unfortunately, in many developed regions of the world over recent decades, we have largely 
lost the intimacy between farming and science that existed hitherto.  

Furthermore, it is the nature of innovation that initial ideas or discoveries are often rough, and 
need honing; this process takes time and needs investment.  Ideas often come to nothing, 
failures exceed the successes and successes tend to be haphazard so, for rapid progress, 
lots of ideas are needed. However, there are now fewer farms and farms have far fewer staff 
and make less profit than during the first green revolution 50 years ago.  Whilst innovators are 
often passionate people, willing to put in much effort to prove their idea, they and their 
businesses must be able to cope with failures. Also, farm innovations commonly involve 
several technologies including engineering, chemistry, genetics and logistics, so effective 
innovations commonly depend on integration and collaboration between disciplines, facilitated 
by effective integrators. Benefits of farming innovations are often difficult to exploit 
commercially, as most involve making changes to systems rather than using new ‘widgets’; 
the benefits may be big but are often diffuse, being spread across many products and 
businesses, and without protectable IP for the innovator. 

We believe that the new technologies available within this innovation arena now create a major 
opportunity for the research community.  They should now recognise and act in the gap 
between conventional applied science and field-scale crop production. However, their success 
will depend on working with different communities, different technologies and different 
methodologies than hitherto.  For example, traditional crop research employs experimental 
designs that minimise effects of uncontrolled environmental variables so that measured 
responses to controllable inputs can be tested, but the small area of these plots trials 
commonly restricts the relevance of their results to one soil, and it limits precision. We maintain 
that, in addition to the scientific challenges at lab scale, research scientists could recognise a 
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big opportunity in investigating the multiple unknowns involved in extrapolation between small 
and large scales; not least amongst these are the interactions between agronomic innovations 
– new germplasm, chemistry or machinery – and soil variation.  New research programmes 
are needed to understand such interactions, using the new methods of investigation now in 
prospect.  

In this new arena it will be well to note that standards of proof are commonly much lower for 
farmers and industry than they are for scientists; farmers don’t need to be 95% sure that a 
decision that costs £10/ha will deliver a yield benefit of >0.5 t/ha, they just need to be confident 
that the extra investment will pay for itself with yield benefits of >0.1 t/ha most of the time. 
Finding no significant differences between product comparisons in conventional trials isn’t 
necessarily proof that a treatment is uneconomic, just that the effect can’t be proven beyond 
the detection limits of the trial. However, farmers and industry need to appreciate the common 
extents of experimental and spatial variability in order to avoid drawing flawed conclusions 
from comparisons of simple averages. There are thus opportunities for scientists to be more 
respectful of farm experiences, and to be more helpful in devising ways of integrating farm 
datasets such that results are assimilated and conclusions are drawn with appropriate levels 
of confidence.   

With the extensive support for networking amongst farmers, we conclude that adoption of an 
agronōmic approach offers powerful opportunities for both farmers and researchers to work 
jointly on questions that matter to both, at a scale that is relevant to commercial cropping, and 
that enables new understanding of soil (and other spatial) interactions. The use of remote 
sensing and ‘big data’ together with precision farming technologies and web-enabled 
networking confers exciting opportunities for not just translating research, but also conducting 
it. By providing tools for scientists and farmers to collaborate and network in testing 
hypotheses in fields across farms we believe that the agronōmics approach has potential to 
transform agronomy worldwide. 

Few lines remain to consider the interplay between agronōmics and education, but it is 
important to recognise the vital potential role of students and teachers in affecting agronōmic 
progress, and to consider how agronōmic knowledge may best evolve through the generations.  
A difficulty arises in comparison with the more conventional fine-scale sciences in that soil and 
weather dominate agronomic phenomena, so agronōmic processes will be best understood 
over large scales of space and time.  Clearly the agronōmics arena promises to be data-rich 
yet, for the foreseeable future, much agronōmic intelligence will be subject to much uncertainty.  
Given that experience will be a vital precedent to effective agronōmic reasoning, students of 
agronōmics may well be best distributed widely, in virtual classrooms across the farming 
landscape so that, with virtual support and coordinated activities, they can acquire their 
farming experience whilst playing an essential role in the aggregation, assimilation and 
interpretation of the large farm-derived datasets that will be so crucial to developing agronōmic 
laws for the future. 
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Co-innovating in agroecology: integrating stakeholders’ perceptions of using 
natural enemies and landscape complexity for biological control into the 
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Abstract: Scientific findings in landscape ecology suggest that a patchy landscape including 
hedgerows, meadows and woods favours insect pest biological control by conservation of 
habitats for natural enemies. Some scientists foresee the possibility for farmers acting together 
in order to generate such conditions in their landscape. For such grass-root collective action 
to be possible, local stakeholders must first perceive landscape elements and/or natural 
enemies as resources; and the same stakeholders must be willing to co-operate through a 
collective management approach. Our objective was to investigate stakeholders’ perceptions 
of landscape elements and natural enemies in relation to the potential for innovation in the 
form of coordinated management of the landscape. To do this, we used a participatory 
research approach in an area specialising in fruit tree production in south-west France, known 
for its high pest pressure and use of insecticides in orchards, and consequently high risk 
associated with any alternative approach in this domain. We conducted thirty comprehensive 
interviews with stakeholders about their pest control strategy to explore their perceptions of 
landscape elements and natural enemies in particular. The results indicated that natural 
predators were regularly perceived as resources. Stakeholders mostly perceived them as 
public goods requiring public institution interventions for their conservation, acclimation and 
management. Some interviewees perceived natural enemies as private goods where they can 
be captured and released onto specific crops, as is the case in greenhouses and with new 
technology such as anti-insect nets surrounding orchards; a practice on the rise in the region. 
By contrast, landscape elements were not perceived as resources in biological pest control. 
Our analysis of stakeholder perception indicates that a public or private approach to natural 
enemy action are favoured in natural predator management. Finally, most farmers did not 
relate landscape to any biological control benefit and were therefore not motivated to act in 
this regard. Consequently, our co-innovation process with stakeholders will be oriented 
towards questioning the knowledge gap between scientists and local stakeholders regarding 
the effect of landscape on natural predators and biological control. 

Keywords: Landscape, biological pest control, uncertainty, collective action, action-research 

 

Introduction 
It is well established that farming practices are one of the major phenomenon contributing to 
biodiversity loss worldwide (McLaughlin & Mineau, 1995). In particular, the use of chemicals 
as biocides has been under scrutiny for their impact on biodiversity as well as on human 
health. In 2009, the European Commission established a directive aiming at achieving “a 
sustainable use of pesticides” in order to reduce their negative impacts. Each member state 
was invited to introduce its “National Action Plan” by 2014 in the spirit of “promoting the use 
of integrated pest management and of alternative approaches or techniques such as non-
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chemical alternatives to pesticides”. In France, the national plan was named “Ecophyto” and 
aimed at 50% pesticide use reduction by 2018.  

In this context, there is a growing interest for research in agroecology and biodiversity-based 
agriculture that favours and makes use of biodiversity (Duru et al., 2015). Findings in 
landscape ecology demonstrate in particular that complex landscapes can enhance biological 
control on farms through their positive impact on the abundance and/or diversity of insect 
pests’ natural enemies (Bianchi et al., 2006; Rusch et al., 2010; Chaplin-Kramer, 2011). 
Natural enemies include all types of predators and parasites which reduce insect pest 
populations through their life cycle. Complex landscape is understood as an agricultural patchy 
landscape with a high proportion of semi-natural and wooded habitats.  

While such findings open up new possibilities of pest control practices at the landscape level 
(Cong et al., 2014), little is known about the concrete feasibility of such practices (Tscharntke 
et al., 2005; Schellhorn et al., 2015). Stallman (2011) suggested that, among different kinds 
of ecosystem services, biological pest control was potentially highly suitable for collective 
landscape management. It is also our point of view that because agricultural landscapes are 
produced collectively by many individuals, a biological control strategy using complex 
landscape regulation properties might require co-ordinated action among these individuals. 
However, as Cong and his colleagues state “scant attention has been paid to the question of 
whether it is in the interest of farmers to manage habitats at the landscape scale for generating 
ecosystem services”. Our research aims to fill this gap and reach a better understanding of 
stakeholders’ views on managing habitats for pest control; in particular to see whether or not 
collective action could be an option for pest regulation at the landscape scale. 

We explored collective action as defined by Ostrom (1990), namely the possibility of collective 
self-organisation in managing complex socio-ecological systems (SES - Ostrom, 2009) as an 
alternative to top-down natural resource management (Holling & Meffe, 1996). However, in 
Ostrom’s work, the “resource” (water, forest, fisheries) tends to be obvious to users because 
SES were studied where such elements were well established and key to users’ survival 
(Ostrom, 1990). In our case, elements such as “insect natural enemies” or “landscape” are 
only potential resources. As we have seen in the landscape ecology literature they can 
potentially bring a benefit, but it is not known whether or not users perceive them as resources. 
In the field of agro-ecological design innovation, resources and users are indeed often not pre-
defined (Berthet, 2013). The specific purpose of our work is to add a constructivist approach 
to resource qualification prior to the Ostrom framework on collective action. Constructivism 
considers that it is the interaction of individuals with their environment that creates meaning. 
In this regard we used the definition of a resource given by Raffestin and Bresso (1979). For 
these authors, a resource is an element of an individual’s environment in which they have 
invested time and energy in prospect of a benefit. In our research it means that a natural 
enemy or landscape as a resource does not exist per se unless an individual interacts with 
these elements. This approach is notably different from a naturalistic view on resources, which 
describes resources as objective elements independent of an individual’s interaction with them 
(Kebir, 2006; Labatut, 2009). This constructive approach, where resources are the result of 
individual interactions within a socio-ecological system, is an original addition to SES 
frameworks (Binder et al., 2013). 

Ostrom’s framework distinguishes different types of resources according to their subtractability 
and their excludability: a subtractable resource means that if someone uses this resource, 
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there will be less for someone else, and an excludable resource means that someone can 
easily keep someone else from using it. She studied collective action in the specific case of 
common pool resources (CPR), which are subtractable and non-excludable resources, such 
as irrigation water or fisheries. Her work stresses that different types of resources imply 
different kinds of management strategies and that the collective action she studied was 
specific to CPR situations. It was therefore important for us to analyse what type of resource 
local stakeholders perceived “insect natural enemies” and “landscape” to be within Ostrom’s 
resources framework, and consequently what management strategies might be relevant.  

In summary, the objective of this study was to investigate local stakeholders’ perspectives in 
terms of the potential for innovative collective action in integrated pest management (IPM) at 
the landscape scale. To do this, we explored how local stakeholders related to and perceived 
their environment within the context of their current pest management strategy in order to see 
whether or not they perceived “insect natural enemies” and “landscape” as resources for pest 
management, and what the characteristics of these resources were (subtractability and 
excludability) (Figure 1). 

 

 

Figure 1. Our two step theoretical approach to explore the social construction of a 
resource. 

 

Method: comprehensive interviews and mental models 
The research was carried out in south-west France in an area close to the Aveyron River that 
is dominated by orchards (mainly apples) and cereal production. This area, chosen in 
partnership with local agricultural public institutions, was particularly interesting for our 
investigation because fruit tree production is a capital intensive crop with a high level of 
pesticide use. As pest damage can have dramatic economic impacts, many producers tend to 
rely on chemical spraying to secure their investment.  

We conducted thirty individual interviews, mainly with farmers, but also with local landowners 
and agricultural technicians. Individuals interviewed covered the diversity of systems of 
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production in the area. Each interview followed the comprehensive interview approach 
(Kaufmann, 2011), a semi-directive form of interview recognised for its capacity to let 
interviewees express their personal views as well as acknowledging the inter-subjectivity 
between the interviewer and the interviewee. Each individual interview included three steps: 
the interviewee was first asked for a general description of his actual and past activities; 
secondly for a description of his view and practices regarding pest management; and thirdly 
about his perception of landscape elements and natural enemies in his pest management 
strategy - in case it was not spontaneously mentioned during the interview. To help the 
discussion, a google map of the farm was provided to discuss the influence of the local 
environment on farm and pest management. 

Each interview was recorded and the speech was translated into a conceptual model of their 
mental model of pest management using the Cmap programme (Novak & Canas, 2006). This 
model allows all socio-ecological interactions mentioned by the interviewee about their 
personal view on pest management to be represented in a single graph. When the interviewee 
mentioned a relationship between elements involving a benefit we indicated this element as a 
resource (for example, in the phrases “use of a pesticide against a pest” and “planting fruit 
trees”, the elements “pesticide” and “fruit trees” were considered as resources for this 
interviewee. The graphic formalism used the ARDI (Actors, Resources, Dynamics & 
Interactions) methodology to represent socio-ecological interactions (Etienne et al., 2011). 
These graphs allowed us to evaluate the importance of landscape and insect natural enemies 
in their description of pest management, both quantitatively (how many times they were 
mentioned) and qualitatively (how did they mention it?), ultimately allowing us to determine 
whether the elements were perceived as resources and common pool resources.  

Results 
Results are presented in two steps:  

(1) we explore cases when natural enemies were perceived as resources and detail the six 
situations identified;  

(2) we introduce our findings regarding landscape perception. 

Natural enemies as resources 
Two thirds of interviewees mentioned insect natural enemies in their pest management. Thus, 
a majority of interviewed farmers perceived natural enemies as a resource and integrated 
them into their pest management mental model as a regulating benefit. The natural enemies 
and effects mentioned are summarised in Table 1. In the following section we detail the 
different perception of natural enemies as resources and also qualify the type of good they 
represent according to their excludability and subtractability expressed by interviewees. An 
overview of this resource perception qualification is summarised in Table 2. 
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IPM development identified natural enemies as key resources for pest control 
In the 80’s and 90’s there was a significant development of the IPM approach to pest control. 
Orchard managers and especially fruit tree technicians involved in IPM development 
programmes were encouraged by public policies to integrate this new perspective on pest 
control. As a consequence, many natural enemies were mentioned in fruit tree technicians’ 
mental models. This specialised knowledge is consistent with some farmers relying heavily on 
their technician for advice as they did not always acquire IPM techniques, and thus knowledge 
of natural enemies, individually.  

Among producers, IPM development and the consideration and use of natural enemies in their 
farming practices was not driven by public intervention, but rather by personal experience that 
revealed the efficiency with which natural enemies can control some pests. For illustration, the 
most quoted story is related to the 1991 frost, which had a significant impact on the apple 
harvest. As a consequence, orchard managers applied minimal chemical treatment that year, 
and yet no damage from red acaris (locally called “red spiders”; a major pest in the area) was 
observed. Many orchard managers discovered at that moment the effectiveness of phytoseids 

 

Table 1 : Synthesis of natural enemies mentioned as resources  involved in pest control during individual 
interviews 

Natural Enemy mentionned Pest controlled Effect on pest Instances in 
interviews 

Socio-ecological interactions 
involved 

Aphelinus Mali Eriosoma lanigerum 
(Wolly aphid) Parasiting 10 

Chemical application (Emamectine) 
may kill second generation A. 

mali..Chemical product 
(Vamidothion) against woolly aphid 

(Killval) has been banned. 

Ladybug (Coccinelidae) Aphids Predating 10 
Anti-insects nets may interfere, 

Harmonia axydris releases compete 
with endemic coccinelidae 

Phytoseids mites Red acaris Predating 8 
Chemical products killing phytoseids 

have been banned by public 
authorities 

Hoverflies (Syrphidae) Aphids Parasiting 3  

Neodryinus typhlocybae Metcalfa pruinosa Parasiting and 
predating 3 Official pest control institutions 

(FREDON) released it 

Lacewings (Chrysopidae) Aphids Predating 2 Anti-insects nets may interfere 

Trichogramma Ostrinia nubilalis 
(European Corn borer) Parasiting eggs 2  

Asobara japonica Drosophila suzukii Parasiting 1 Acclimation studied by researchers 

Aphidoletes aphidimyza (Aphid 
midge) Aphids Predating 1  

Rhagonycha fulva (Common red 
soldier beetle) Aphids Predating 1  

Pear aphids Cacopsylla pyrisuga Niche 
competition 1  

Anthocoridae Psyllids Predating 1  

Forficula auricularia (Earwig) Aphids Predating 1 Anti-insects nets practices may 
interfere with them 
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(a family of mites that feed on thrips and other mite species) in regulating the pest. For 
example, one producer stated that: “We realised that there were no more spiders because 
they had been predated by acaris and phytoseids. So it’s from this point that our approach 
started to change”. 

Red acaris predators clearly appear as a resource for many apple producers and technicians, 
but perceptions of how the resource was developed vary according to the perspective of 
different stakeholders. Individuals who were close to public IPM development programmes 
described concrete actions that led to the use of natural predators on red acaris, such as 
chemical bans, machinery improvements and observation routines limiting systematic 
treatments. One individual close to local agricultural administrations illustrated this by stating 
that: “the evolution happened in the years 1985-90 when we adopted integrated pest control. 
Today, red spiders are not a problem anymore because we developed natural enemies”. By 
contrast, for many apple producers, the strategy was happened upon by accident: “I went on 
holiday for a week and wasn’t dealing with spiders. When I came back there were no spiders 
left”.  

In the 80’s and 90’s, public authorities took the lead in IPM development and the use of natural 
enemies within orchard production systems. Farmers were not directly included in the process, 
and so public institutions and farmers viewed natural enemies in this context as a public good; 
the benefit from natural enemy action was for every farmer, and there was no intention to 
prevent any potential user from benefiting. IPM development followed a top-down linear 
approach and farmers were not directly involved in the social construction of this resource. 

Natural enemies as resources in response to a chemical product ban 
Aphelinus mali is a parasitic wasp and natural enemy of the woolly aphid, which is a sap sucker 
that impacts apple quality through honeydew production and the subsequent development of 
Sooty mould. Woolly aphids were apparently not a problem for most apple farmers until the 
pesticide Vamidothion was banned in 2003. As one technician stated: “it has become more 
difficult to control Woolly aphids since KILVAL [Vamidothion] was unexpectedly banned 
…overnight a product that had provided effective control was no longer available to us, 
presenting us with a new challenge”. 

As a result, Aphelinus mali has become a key resource that is under close scrutiny from local 
agricultural public institutions, fruit selling companies and experimental stations. Aphelinus 
mali is monitored in many different fields and experimental plots around the region. One 
technician from a fruit cooperative mentioned that “we try to pamper them as much as we 
can”. Another stated that they “try to remove all pesticides which were negative to Aphelinus 
mali”. In contrast to red acaris and phytoseids, the solution to woolly aphids was not developed 
by public authorities. On the contrary, the woolly aphid pest problem was initiated by public 
authorities through removing a pesticide from the market for toxicity reasons. Aphelinus mali 
is now a key resource because authorised chemical treatments are no longer sufficient to 
control the woolly aphid and significant investment has been put into Aphelius mali monitoring 
and the integration of such practices into apple production systems. Aphelinus Mali as a 
resource is clearly a public good as provision of the aphid control service is not subtractable 
(use of the resource does not mean there will be less for someone else) or excludable (no one 
can exclude another person from using it).   
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Natural enemies as resources against increasing invasive pest pressure 
Eight out of seventeen individuals involved in fruit tree production mentioned Metcalfa 
pruinosa, an invasive pest from North America, in their mental model. Three mentioned its 
natural enemy, Neodryinus typhlocibae, which was successfully introduced to control it 
(Malause et al., 2003). Its acclimation was managed and monitored in a top-down manner by 
public institutions. Even though pest invasion is not a new phenomenon, with increasing 
globalisation in recent decades, its occurrence rate has increased significantly for 
invertebrates due to increased economic activity and transport efficiency (Hulme, 2009). The 
acclimation process of natural enemies for these invasive pests is also not new. For example, 
the acclimation of Aphelinus mali to limit woolly aphids was managed by an international 
network of researchers in the 1920’s (Howard, 1929). Understandably, an increasing number 
of pest invasions puts increasing pressure on the need to introduce corresponding natural 
enemies. 

Farmers themselves are not involved in the growing need for research on natural enemies for 
invasive pest control. Natural enemy introduction is mainly managed by researchers whose 
role is typically to identify and test the ability of natural enemies to adjust to a new environment 
(i.e. acclimation) and to regulate invasive pests. Public institutions then validate each 
approach and implement the most viable option. This process is a very clear resource 
construction process as there is significant investment from well identified agents (researchers 
and public institutions) into establishing a pest regulation resource. This type of resource is a 
public good as these pest control insects, once released and acclimated, are beneficial to 
whoever might need them and there is no exclusion from any potential beneficiary. 

Natural enemies as part of a holistic view on pest control 
Two interviewees had a holistic view of insect pest control and considered that efficient global 
ecosystem functioning would provide sufficient pest regulation. This type of thinking is 
consistent with perceptions expressed by farmers positively inclined towards organic 
production and who have a more complex and philosophical attitude towards biodiversity 
(Kelemen et al., 2013). For example, one respondent stated that “We’re not alone on Earth 
(…) animals have a right to live and I think that if birds (…) and other organisms in the 
ecosystem that prey on leafhoppers were removed, we would be reliant on a lot more agro-
chemical use”  

In this regard these stakeholders with a holistic view of the environment have built a different 
type of relation with natural enemies as resources. Firstly they focus less on one species in 
particular and more on the belief that a global ecosystem can regulate invasive pests. Attitudes 
towards individual components of the system tend to be more ambivalent as an element can 
be perceived both as a benefit and a cost: “Falcons eat my chicks but also eat field mice and 
snakes… it’s the circle of life”. This trust in the ecosystem to balance out all the components 
is sometimes established through practices favouring global biodiversity. For example, an 
organic orchard manager provided food and egg-laying sites for natural enemy insects by 
maintaining a herbaceous inter-row in his orchards. For this type of actor, investment in natural 
enemies is achieved by allowing ecosystems to reach a natural balance of species. This kind 
of perception is consistent with a less anthropocentric view of agriculture that considers 
elements of ecosystems not only as a support for production but also as an integral part of the 
production process itself (Barbier & Goulet, 2013). 
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Many farmers with a holistic view of ecosystems were in part-time organic production and 
therefore, compared with conventional, full-time orchard managers, were less exposed to 
ecosystem and economic uncertainty due to price premiums provided by organic sales and/or 
from income security provided by having a secondary activity. By contrast, conventional 
producers generally felt more reluctant to rely on ecosystem services. For example, one 
conventional technician stated that: “Natural processes can be random and I don’t like being 
reliant on a parasitic wasp (e.g. Aphelinus mali) to control aphids. One day, these wasps will 
prevent me from spraying against acaris and this will cost me money”. 

Stakeholders with a more holistic view considered the general ability of on-farm biodiversity to 
regulate pests and reduce pest damage to an acceptable level as a key farm resource and a 
public good. Furthermore, growers that perceived the environment in this way did not mention 
any aspect of their off-farm surroundings or neighbouring land that would impact on their ability 
to benefit from natural enemies, suggesting that there was no competition or subtractability 
associated with such a resource. 

Natural enemies as a symbolic resource in communication with their buyers 
Natural enemies were occasionally mentioned as a symbolic resource by small scale growers 
selling their fruits in open-air and farmers’ markets. Some growers saw the use of natural 
enemies as an opportunity to differentiate their produce from growers that are reliant on agro-
chemicals, thereby appealing to consumers concerned with biodiversity and health issues 
associated with pesticide use. Some growers even used features associated with natural 
enemies to market their produce to customers. For example, one grower highlighted lacewing 
eggs on peaches and apples as symbols of care for the environment, stating that “lacewing 
threads and eggs are a common feature of my top fruit. In the open-air market they ask me -
what is that? – and I explain that these are natural enemies that protect my fruit from pests, 
and without them I would have to use products that would kill the pests and their natural 
enemies and leave residues on the fruit”. Such dialogue is not possible within longer supply 
chains as producers are separated from their consumers. 

Natural enemies as a symbolic resource for communication or marketing purposes are a public 
good as they are not subtractable or excludable. The use of a natural enemy feature does not 
mean there will be less for someone else and does not prevent anybody else from using it.  

Natural enemies for biological control by augmentation 
Some interviewees mentioned the use of natural enemies by augmentation, meaning the 
practice of releasing natural enemies on a farm to boost their population. For example, as part 
of the production contract with a seed buying company, some corn seed producers are 
required to release trichogrammas (a parasitic wasp of Lepidoptera eggs). Another example 
is a market gardener who uses a local company specialising in biological control to release 
diverse natural enemies in his greenhouses. Both examples illustrate that a certain degree of 
isolation is required to ensure the maximum efficiency of the release. For example, a corn field 
targeting seed production must be isolated from conventional corn fields to limit corn 
hybridization and to increase the likelihood of the trichogramma remaining in the field. For the 
market gardener, the greenhouse plastic creates a boundary that prevents any “dilution” of 
natural enemy insects in the surroundings. 

This perspective on natural enemies clearly indicates that this type of resource is a private 
good, because farmers mentioning them explicitly try to limit their neighbours’ access to the 
resource by creating some kind of boundary or buffer. Their mention of a risk of “dilution” 

1609



 

indicates that they perceived the scarcity of natural enemies released as a threat to efficacy, 
and that to maximise effectiveness the intention is for the natural enemies to be focused on 
their crop rather than a neighbour’s crop. The private nature of this natural enemy 
augmentation is consistent with an “input” approach to natural enemies and by the presence 
of private companies organising their supply and sales.  

Biological control by augmentation could herald a significant development in the study area 
with the introduction of anti-insect nets that entirely surround orchards to focus the activity and 
intensity of natural enemies and avoid dilution into surrounding neighbours’ plots. It is quite 
possible, following the “isolation” rationale for biological control by augmentation, that anti-
insect nets could become a general feature of orchards in the area. 

 

Landscape as a resource in pest management? 
Findings in landscape ecology suggest that complex landscapes can enhance biological 
control (Thies, 1999). The landscape itself can therefore be considered as a resource that 
needs to be managed to favour the proliferation of natural enemies. In this section we analyse 
whether the landscape is perceived as a resource by the interviewees. 

Landscape mainly perceived as a threat in pest management 
One of the most surprising results of this study was that landscape elements were almost 
never perceived by any of the interviewees as having a positive influence on natural enemies 
and thus bringing a benefit. This result was not consistent with scientific findings of landscape 
ecologists suggesting that landscape complexity can enhance pest control (Bianchi et al., 
2006). 

One hypothesis could be that stakeholders only have a plot or farm scale perception range 
and do not perceive a landscape effect. This was supported by the fact that the only positive 
landscape elements mentioned were on-farm hedgerows that provide habitats for generalist 
predators. However, many stakeholders also mentioned that their off-farm surroundings could 
have a modest negative effect by stimulating diverse pests (see Table 3). However, negative 
effects were not always considered to be modest; in the case of Drosophila suzukii (fruit flies), 

 

Table 2 : Overview of the context of natural enemy seen as resources  

Type of resource  Social Construction of the resource  Actors for who m it's a resource  Type of good 

Natural enemy against 
invasive pests  

Study by research institutions  
Acclimation by public institutions 

Researchers 
Technicians Public 

Natural enemy as a tool within 
IPM program Public policy for IPM development  Administration  

Technicians Public 

Natural enemy as secondary 
solution to pesticide bans  

Pesticide ban by public authorities  
Monitoring from technicians  

Technicians 
Orchard manager Public 

Natural enemy as an element 
of a holistic view of pest 
control 

Philosophical relationship to nature 
and ecosystems  Organic producers Public 

Natural enemy as a symbolic 
resource Marketing argument  Small scale growers  involved in direct 

sales Public 

Natural enemy for biological 
control by augmentation  

Companies selling natural enemies  
Companies imposing Natural enemies 
in production contracts  

Farmers 
Grain companies 
Natural enemy sellers 

Private 
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landscape elements were thought to favour significant and uncontrollable damage to cherry 
trees. 

Some technicians who regularly visited growers across various sectors mentioned that they 
saw no difference in pest pressure or natural enemy presence when they compared farms in 
different areas with contrasting landscapes (e.g. in terms of the proportion of semi-natural 
habitat). Other technicians shared experiences of establishing hedgerows in terms of their 
ability to increase natural enemy numbers, with the effect being relatively disappointing. For 
example, one fruit tree technician stated that: “it was very fashionable in the 90’s to establish 
hedgerows (…) there was a great push for integrated pest management and hedgerows to 
shelter a wide variety of things (…) everybody, including myself, thought the method had great 
potential to increase natural enemy populations and many hedgerows were planted but many 
were not effective; there are even some places where hedgerows have been removed. What 
seems straightforward in the literature does not necessarily materialise in reality”. 

 
 

Table 3 :  Synthesis of landscape elements mentioned during individual interviews and their effect on insect 
populations 

Landscape mentioned Effect on insect populations Effect of insects mentionned Instances in 
interviews 

Uncultivated land and hedgerows 
especially with nettles and 

blackberries, kiwi trees 
Favours Metcalfa pruinosa Honeydew production favors 

fungus damage on fruits 4 

Woods Favors Rynchites Sting fruits 3 

Hedgerows, woods and fallows Favours Drosophila Suzukii 
Sting fruits and lay eggs in 

diverse fruits (cherries, 
strawberries, raspberries) 

2 

Walnuts Favours codling moth Eat and dig apples 2 

Absence of orchards around an 
orchard 

Limit general insect pest pressure in the 
orchard Less attacks on orchards 2 

Peach orchards source of Grapholita molesta to neighbouring 
apple orchards Attack peaches and apples 2 

Uncultivated land Favours rose tortrix (archips rosana) Attack young fruits 1 

Acacia hedgerow Favours Scaphoideus titanus (American 
grapevine leafhopper) Attack grapes 1 

Dead tree Shelter Xyléborus dispar Attack weak orchards trunks 1 

Corn field Source of Corn borer attacks on low apple 
tree branches Attack apples on low branches 1 

Poplars and willow favors Zeuzera pyrina Dig young trees trunks 1 

Forest favours Anthonomus pomorum (apple 
weevil) 

Eats and lay eggs in apple 
flower buds 1 

Malus in hedgerows Source of woolly aphids 
Suck apple sap, honeydew 
production favors fungus 

damage on fruits 
1 

Wheat field Flows of ladybugs in July after harvest no particular effect noted 1 

Meadow shelter Ladybugs no particular effect noted 1 

Hedgerows without rosacea shelter, feed and provide egg-laying sites for 
generalist predators 

Eat aphids sucking apple tree 
sap  
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The perception of landscape diversity as a threat stimulates enclosure 
As stated above, the landscape was mostly perceived as a threat to the farm (Table 3). As a 
consequence, isolation from negative landscape effects was sometimes perceived as a 
benefit, because pest pressure was perceived to be reduced when neighbouring fields were 
not growing the same crop. As one orchard manager stated: “15 to 20 years ago there were 
110 hectares of orchards round here; whereas now the area is much reduced… for a very, 
very long time I was under very, very strong pressure from pest insects”. In this regard, 
isolation from fields producing the same crop was perceived to be a benefit due to reduced 
pest pressure, although not many growers actively sought this situation. By contrast, the use 
of anti-insect nets to completely surround an orchard is on the rise in the area because it 
opens up deliberate action from farmers to isolate their plots from external negative influence. 
A local perspective is quite clear on this prospect: “More and more new plantations, and even 
old ones, are covered with anti-insect nets… to suppress insects…and reduce insecticide use 
(…) I think this trend for using protection nets against insects will continue“.  

The use of anti-insect nets creates a new resource which is an air space surrounding the crop 
in which pest insects are controlled. Through insect-nets, producers can control insect flows 
in and out of their plot and monitor pest pressure. Enclosure of the air space above plots opens 
up new biological control strategies because natural enemy releases can be more effective if 
they are guaranteed to stay within the plot. As one farmer stated: “For this fly [Drosophila 
suzukii], I don’t know any predators. If there were any I would release them inside my nets. In 
this situation I would be confident of my strategy”. The use of nets favours a strategy oriented 
towards privatisation of the environment surrounding the crop, which can be complemented 
by an economic sector selling natural enemies as described above. 

Discussion: perception analysis as a reflexive tool for action-researchers 
Exploring perceptions and the social construction of resources revealed a significant 
knowledge/perception gap between fruit producers and landscape ecology scientists. While 
the latter regularly demonstrate the positive influence of landscape complexity on natural 
enemies (Bianchi et al., 2006), the former, as we have reported, do not perceive this benefit 
and on the contrary rather state a regular positive influence of the landscape on their different 
pests.  

The results of this research significantly changed the focus we had on using enhanced 
landscape complexity to control pest pressures as a potential innovation. While we thought 
initially that our action-research process was a means of opening up stakeholders to a 
potentially useful piece of knowledge to innovate in biological pest control, it turned out to 
reveal divergent perceptions between scientists and local stakeholders about the effects of 
landscape complexity on pest populations. 

Participatory research is about including stakeholders to guarantee the best outcome possible 
for those who participate. The prospect is about the production of knowledge adapted to the 
stakeholders’ situation and needs. However, in this case the stakeholders’ perception shifted 
our research towards the exploration of this knowledge gap. This shift not only changed our 
focus, but also had significant influence on our methodology. While our research was first 
engaged in a companion modelling process (Etienne et al., 2010) in which perception analysis 
was a first step prior to participatory modelling with the objective of stakeholders discussing 
coordination to achieve better pest control through employing and enhancing the landscape 
factor, we had to turn to different tools to explore this knowledge/perception gap.   
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The uncertainty between scientists’ and local stakeholders’ points of view about landscape 
effects oriented us towards uncertainty exploration tools. In this regard, participatory belief 
Bayesian networks are widely recognised for their ability to “represent and integrate 
knowledge and spheres, explicitly support the inclusion of stakeholder knowledge and 
perspectives, and take into account the uncertainty of knowledge” (Düspohl et al., 2012).  

Clarification of perceptions between those who hold a potential innovation and potential 
stakeholders benefiting from it appears to be a key step in engaging both on similar ground in 
an action-research process by eventually disambiguating uncertain knowledge, if possible, or 
at least identifying the root of the perception gap; thus eventually clarifying the science behind 
the landscape pest control innovation. Science questioning science is an important part of a 
functioning action research agenda (McNiff, 2013). To do so, we will assist local stakeholders 
as well as landscape ecologists in modelling a common Bayesian network structure about 
biological pest control. We will assist each participating individual in order to calibrate a 
common network with their personal knowledge on biological pest control and landscape 
effect. Individual networks will be compared and uncertainties discussed among participants. 

Conclusion  
It is clear that top fruit producers perceived natural enemies as a valuable resource in 
biological pest control. However, they did not consider that biological control could be 
enhanced by the nature, connectivity and diversity of landscape elements. Most stakeholders 
perceived the landscape as a threat and a source of pests. The absence (within stakeholders’ 
perceptions) of the landscape or its elements as a resource in biological pest control 
challenges scientific findings that highlight the potential for using landscape complexity to 
enhance pest control, especially as mostly disservices were described by interviewees. The 
action-research framework will therefore need to be adapted to allow scientists to question the 
scientific knowledge at the root of their action and to integrate stakeholder feedback. 

None of the stakeholders mentioned natural enemies as common pool resources (CPR), but 
rather as private or public goods. Technology and public policies seemed to be the main 
drivers of resource construction in the study area. Innovations such as anti-insect nets and 
the localised release of natural enemies (within enclosed plots) distance stakeholders from 
collective landscape management as they encourage the private management of individual 
plots within the landscape. 

Public policies may eventually provoke a change in perception regarding the effect of 
landscape elements on natural enemies. This could potentially result from the promotion and 
adoption of biodiversity-focused agri-environment schemes or the withdrawal of some agro-
chemicals, which might encourage greater reliance on natural enemies for pest control. 
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Lessons learned from the implementation of three different research postures 
within a participatory research framework 

Stilmant, D. and Jamar, D. 

Walloon Agricultural Research Centre, Belgium 

Abstract: This paper analyses how the use of different research postures (participatory, 
ecocentric and technocentric approaches) in participatory research with organic farmers can 
lead to misunderstanding and legitimacy questioning, and therefore to tensions between the 
different actors involved (funding administrators, advisory services, farmers and researchers). 
This underlines the importance of clarifying the commitment of different partners involved in 
participatory research as early as possible in the research process to limit any 
misinterpretation, develop trust and enable collaboration.  To ensure an effective process, 
including agreement of targets, it is recommended that funding should be made available to 
allow sufficient time for a staged approach with a diagnostic phase, including characterisation 
of the diversity of farming systems within a sector, followed by a participatory research phase 
to test innovative approaches to solve a shared problem. Finally, for a successful outcome, 
researchers must be equipped and trained in the implementation and facilitation of 
participatory research methodologies.     
 
Keywords: Participatory research modes, innovation, development, tension, legitimacy 

 

Introduction 
To support the development of organic farming in Wallonia (Belgium), the Walloon 
Government commissioned the Walloon Agricultural Research Centre (CRA-W) to define and 
complete a global research programme dedicated to the organic sector. Up until this point, 
with the exception of a few short projects conducted by 2-3 researchers interested in the 
potential of this mode of production, the CRA-W had not developed expertise in this sector. 
To initiate the project, a working group was set up and a research programme proposed and 
validated by institution, administration and sector representatives. The programme included 
the three research postures proposed by Bawden (1997): (1) technocentric approaches 
aiming to investigate the effect of individual factors of production (e.g. bio product treatments, 
plant varieties, weeding techniques etc.); (2) ecocentric approaches focusing on the 
characterisation and performance of organic farming systems (the analysis of nutrient, 
biomass and cash fluxes/flows); and (3) holocentric approaches that aim to implement a 
participatory approach involving organic farmers, organic farmer representatives, researchers 
and advisers in the definition of research questions (Barnaud, 2013) and of possible solutions 
they are interested in exploring. 

As defined by Hess (1989), participatory research can be defined as “a collective process 
linking researchers and practitioners to solve a problem, (enabling access to) knowledge (that 
is) directly relevant to actors’ practices”. Such an approach aims to encourage: (1) social and 
individual learning; (2) improved understanding of the issues from multiple perspectives, and 
therefore the selection of appropriate solutions; and (3) collaborative relationships (Blackstock 
et al., 2007). Involvement of practitioners in the definition and/or validation of potential 
solutions is also expected to improve transfer of research and innovation into practice, as 
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underlined in the EIP (European Innovation Partnership), ‘bottom–up’ (as opposed to ‘top-
down’) dynamic. 

To develop and support this participatory research dynamic, groups of pilot farmers were set 
up under the responsibility of a ‘moderator’. This moderator was a researcher whose mission 
was, on the one hand, to manage and sustain the interactions between the farmers involved 
in the group (individual visits, group dynamic development, thematic meeting organisation and 
circulation of information between group members) and, on the other hand, to perform 
research to characterise farming systems, and to identify and test innovative practices. The 
researcher/moderator had to meet the expectations of: (1) their institution, testing this 
participatory research model as a prototype that could potentially be promoted in future 
research programmes; (2) the farmers within the group expecting rapid and reliable feedback; 
and (3) the administration and organic sector representatives charged with validating the 
research programme and providing annual funding. Researchers were therefore expected to 
perform the dual roles of moderator (for a diversity of farmer, advisory service and 
administration expectations) and researcher, mobilising a diversity of disciplines to employ a 
systemic participatory approach. 

This situation gave rise to tensions between groups and individuals that were linked to multiple 
“misunderstanding” and legitimacy issues including: legitimacy of the researcher’s moderator 
role; the method used; the knowledge provided; and the research questions produced 
(Barnaud, 2013). 

The main objective of this paper was to highlight how the adoption of contrasting research 
postures can, on the one hand mitigate, or on the other hand exacerbate, these tensions. 
Participatory research methods are presented, with analysis of the ways that different 
researchers involved in these methods have addressed these tensions. The characteristics of 
the results obtained and how they are perceived by sector representatives are also highlighted. 
This is a working paper that uses an ex-post approach to understand the challenges faced by 
different researchers during their interactions with farmer groups. 

Initiation of the interactions 
The initiative was launched in November 2013 with an invitation to tender in the agricultural 
press describing the project context and aims: to understand farm practices and farm system 
functioning through observation of soil/plant/animal interactions; to identify ‘brakes’ on 
production and their origin; and to test solutions in partnership with scientific institutions. Ninety 
applications were received and two members of the project team (Dalley et al., 2014), one 
junior and one senior scientist, visited the potential monitor farmers to discuss their farming 
system, their interest in joining the project and their main research questions (Stilmant et al., 
2015). Over 40 organic farms, covering a wide diversity of systems, were invited to join the 
project, share their expertise and provide access to their farms; thereby forming a regional 
farm network (Dalley et al., 2014). The farms were allocated to three groups (dairy & meat, 
monogastric & crop, and fruit & vegetable). Each group was moderated by a researcher. An 
agreement was signed with each farmer. The farmers agreed to participate in 2 to 3 collective 
meetings each year, and to record and share farm performance indicators, while researchers 
agreed to provide confidentiality, anonymity and frequent feedback on their assessments. It 
was also made clear that this collaboration would follow a research rather than an advisory 
framework.  
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Different dynamics were initiated by the researchers in charge of the facilitation of each group, 
in line with: (1) the questions highlighted in farmer interviews and in independent focus groups 
with farmer unions, administration, advisory service and research teams (Stilmant et al., 2015); 
(2) the interest of the farmers involved; and (3) researcher expertise. Group discussions and 
interactions were also influenced to some extent by pressure from public administration and 
organic sector representative organisations. 

Setting up participatory research 
At project inception, working groups agreed the research approaches or postures to be used, 
the methods and frequency of communication between different groups (e.g. farmers and 
researchers) and the common actions to be carried out on each farm within the different 
sectors (dairy & meat, monogastric & crop, and fruit & vegetable). This initial process involved 
researchers acting as moderators and socio-anthropologists to facilitate and prepare the 
working group for participatory research at an early stage in exchanges between farmers and 
researchers. 

Following discussions within the dairy & meat cluster, the researcher, who was a junior 
scientist qualified in livestock production, proposed to characterise feed and fodder use and 
to evaluate the diversity and autonomy of production systems. Farmers were then invited to 
join one of a number of topics (e.g. dairy cattle grazing management, heifer parasitism under 
grazing, performance of multi-species grassland swards and beef fattening). The process 
dynamic initiated with the farmers focused on characterising the performance of existing 
production systems and on regular exchanges with the farmers on these points. 

In the monogastric & crop cluster, the researcher was a senior scientist with some experience 
in participatory research and in systemic approaches; although mostly in ruminant based 
systems. His involvement in the project began relatively late in the cropping season (in spring 
2015), which limited opportunities to organise focus groups. Consequently, the researcher 
proposed to meet farmers individually during “field tours” to discuss and capture the main 
goals of their agricultural production system and the potential for a research partnership. 
Based on these initial interactions, the need to develop more sustainable crop rotations was 
identified and agreed; and, based on contacts with colleagues working on organic crops in 
France, on his own expertise on legumes and on a literature review, the researcher proposed 
to test innovative schemes using legume-rich cover crops. In proposing this innovation, the 
researcher also took into account: (1) limited opportunities to mobilise other research units 
within and outside CRA-W; and (2) the need to minimise, for the farmers, the invasive nature 
of the research intervention. In addition, to maintain the systems focus of the research, while 
also investigating the link between soil fertility maintenance and crop management (the main 
challenge underlined by farmers and advisory services), the performance of companion 
cropping (i.e. cereals and cereal/legume mixes grown together) was characterised. This was 
done at plot level, using a standardised methodology, on all the farms of the group. In addition, 
to maintain communication and provide feedback to farmers within the group, a newsletter 
was produced every month during the growing season, including seasonal information and 
field observations together with literature reviews on key issues highlighted by the farmers. 

In the fruit & vegetables cluster, two researchers, senior scientists with considerable expertise 
in fruit production in low input and organic systems, followed the innovations set-up by the 
farmers, which were: (1) weed control management strategies and soil fertility maintenance 
using cover crops and mulch; and (2) agroforestry combining fruit trees and vegetable 
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production. Technical questions, such as variety resistance to disease (leek rust) or disease 
treatment efficiency (for post-harvest fruit diseases), were addressed using field trials. In most 
cases, to provide meaningful and scientifically robust results, field experiments were set up at 
an experimental station and duplicated using a simpler field trial approach on a limited number 
of farms. External expertise was regularly mobilised to address some specific issues and 
themes (e.g. rodent control and the use of no-till in vegetable production systems).  

Outcomes 
The researcher in the dairy & meat cluster had some experience as a sales representative for 
a feed producer and his academic background was in livestock nutrition. Based on this 
experience, the researcher felt that he was justified in adopting an “advisory posture” in these 
areas. This position allowed him to have regular exchanges with the farmers in his group and 
to learn from them. He also engaged external expertise to answer farmers’ questions on 
specific topics. To support this advisory posture, the researcher collected samples (soil, grass, 
silage, etc.) and took various measurements (heifer weight, sward height etc.) to assess 
specific performance criteria (e.g. grazed grassland productivity and parasite pressure). On 
each farm, the quantity and quality of fodder crop production was assessed along with one 
additional topic. In these farm specific topic areas, the moderator used an ecocentric approach 
(i.e. to characterise the farming system qualitatively) that was not reliant on the capture and 
analysis of quantitative data. The farmers were not required to take numerous measurements, 
but were asked to record certain practices (e.g. grazing calendar, silage cutting dates etc.). 
Two farmer discussion group meetings were held at 12 and 18 months after project inception. 
To drive and stimulate interactions, the moderator used the farm data and other information 
gathered by farmers and the research team during the project to relate management practices 
to system performance (e.g. soil fertility analysis, grass feed value related to grazing 
management and overall economic analysis). Farmers found these discussions useful and 
appreciated the facilitation and guidance from the moderator; and the information provided in 
response to their specific needs (e.g. access to data on manure analysis, forage analysis, 
feeding rations, average daily weight gain measurements and grassland productivity). After 
two years of group interaction, some farmers asked to receive a more integrative analysis of 
their system so they could gain a better understanding of how management practices related 
to system performance; the group dynamic followed a diagnostic approach to identify aspects 
of the farming system that could be improved without providing or testing innovative solutions. 
However, the researcher, more at ease with an advisory role, felt that integration of the data 
to assess system performance as a whole was too ambitious and decided to leave the process. 
The transition from one moderator to another will be the next challenge for this farmer group. 

In the monogastric & crop cluster, the moderator had less regular contact with each farmer, 
and focused on identifying questions through two to five ‘field tours’ per farm. ‘Field tour’ 
frequency depended on the specific motivations and feedback from each farmer. A common 
theme emerging from the farm visits was the need for sustainable crop rotations for fertility 
enhancement and weed/disease control and improved agricultural and economic performance; 
particularly in systems without manure. Therefore, with the aim of improving soil fertility and 
increasing biomass production and nitrogen fixation, the researcher proposed that legume-
rich cover crops be established early, within the main cereal crop, during the last mechanical 
weeding. Initially, the farmers were skeptical, as some of them had already tried to implement 
this technique with varied degrees of success. Nevertheless, they accepted the challenge. 
This innovation was tested in a network of 10 field trials implemented on four farms located in 
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the four main Walloon agricultural regions. Each trial included six legume-rich cover crops 
under-sown into cereal crops. The main aim of the field trials was to test the feasibility of this 
innovation under real farm conditions, to quantify its impact on the next crop, compared with 
cover crops sown after main crop harvest. 

Unfortunately, cereal yield measurements had to be made during the busy harvest period, and 
this led to reduced interaction with the farmers and the development of some 
misunderstandings in relation to the aim of the field trials. 

Based on these dynamics, at the end of 2015, the frequency and quality of exchanges with 
the different farmers of this group was unbalanced, with some farmers engaging with the 
project more than others. As a consequence, during farmer discussion group and project 
steering group meetings, at which project results were presented and discussed, numerous 
tensions emerged with some farmers as well as sector representatives and researchers from 
other research institutes expressing concerns. These tensions were linked to numerous 
misunderstandings and the questioning of moderator legitimacy within the context of the group.  

In terms of misunderstandings: 

(1) Some farmers questioned the need to adopt a participatory research posture rather 
than an advisory or services posture expected by the majority of farmers experiencing 
specific technical or economic issues and expecting an answer in the short term; 
 
(2) The funding body, the Walloon administration, questioned the establishment of trials 
to validate innovative solutions instead of gathering efficient and validated practices 
currently adopted by farmers in other areas to define turnkey solutions that could be 
disseminated through various channels (farming press, discussion groups, online etc.) 
and/or encouraged by advisory services supporting numerous farmers converting from 
conventional to organic production. 

In terms of legitimacy: 

(1) The unsymmetrical nature of the interactions with the different farmers within the group 
and across the different years was questioned; 
 
(2) The farmers’ representatives considered the research institution to be focused on 
conventional (non-organic) production. As a consequence, they found it difficult to accept 
that such an institution could lead a research programme that included cooperation with 
organic farmers on innovations aiming to improve, in a systemic way, the performance of 
organic farming systems. Moreover, they questioned the legitimacy of the researchers to 
select the themes to investigate with farmers (i.e. cover crops in this case); 

 
(3) Other research units and conventional advisory services, both organised around 
specific domains of expertise, questioned the legitimacy of carrying out systemic research 
that involved direct interaction with farmers. Indeed, it was considered that this direct 
interaction interfered with the work they were doing with farmers in specific competency 
domains, since the moderator had no recognised specific crop production expertise and 
was affiliated to a farming systems unit rather than a crop production unit. As a result, the 
project often met with resistance from these groups rather than collaboration. 
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In the fruit & vegetables cluster, researchers maintained a classical research posture based 
on the ‘laboratory model’ (Bawden, 1997), with the implementation of field trials to compare 
varieties, investigate techniques to control weeds, and test alternative bio products to control 
disease. These field experiments, set up in a replicated four block design, were formulated by 
comparing the experience, expertise and demands of the researchers and farmers. They were 
implemented with the most motivated farmers, on a limited number of farms. To reduce the 
risk of field trials failing to produce meaningful results, a duplicate was set up at an 
experimental station. In this cluster, the legitimacy of the researchers was not questioned to 
the same extent as in the monogastric & crop cluster, since: 

(1) The researchers were working in their field of technical expertise, within the research 
unit dedicated to this domain and, for this reason, additional expertise from other research 
units was not needed (apart from laboratory analysis to characterise soil fertility); 
 
(2) The researchers were working with a limited number of farms (five farms per 
researcher with half their time allocated to this project compared with more than 15 farms 
per researcher, working at full time, in the other groups). This allowed researchers to 
maintain regular individual contact with the different farmers. 

 
However, it was challenging for these researchers to adopt a true participatory approach; the 
oligopolistic nature of the fruit and vegetable sectors in the Walloon area made it more difficult 
to set up group discussions and dynamics, as this was not within the strategic interest of (often) 
competing producers. Furthermore, the two senior researchers confirmed that they were not 
well equipped to use participatory approaches and felt uncomfortable in the role of moderator. 

Discussion 
More time committed to establishing a clear and detailed agreement at the outset could have 
resulted in a more productive and efficient research process. Within each cluster, even when 
an approach had been agreed between researchers and farmers, there was still a degree of 
uncertainty around farmers’ expectations and personal investment in the process, on the one 
hand, and around the actions plans associated with the different research approaches 
(technocentric, ecocentric and holocentric), on the other hand. A deeper and more precise 
description in the agreement of the level of commitment required from farmers and the overall 
research process could have resulted in a greater level of trust and collaboration. Indeed, as 
underlined by Restrepo et al. (2014), “the first difficulty (in participatory research) is to create 
a joint definition of a problem, where researchers and practitioners together decide upon the 
need to organise the process, and  how to ensure that a project’s goals, tasks and activities 
do not depart from a common reference point”. 

The level of innovation that could be explored varied widely between clusters and this 
appeared to be related to the research method or posture adopted by the moderator (Table1). 
Indeed, the moderator (in the dairy & meat cluster), by adopting an advisor posture, was able 
to improve farmer skills while mobilising existing knowledge without exploring innovative 
approaches that could have been proposed by the farmers. The advisor/moderator therefore 
retained a top-down knowledge transfer dynamic. By contrast, within a moderator/researcher 
mode (closely aligned with a holocentric approach), innovations can come from literature or 
from any part of the value chain. A systemic/integrative approach strongly involving the 
farmers could have had a clear added value. Nevertheless, in some chains, with a limited 
number of actors and a limited market, the oligopolistic position of some actors may limit 
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knowledge transfer and information exchange/sharing. These limitations were more 
associated with the nature of the market than any technical limitations of the approach. By 
integrating expertise in system and participatory research, the moderator/researcher mode 
questions farmer practices and allows participants to explore innovative practices and how 
they impact the entire farming system. 

The main tensions underlined in the implementation of these dynamics, whatever the group, 
can be connected to the two main (and partly conflicting) objectives agreed when the farm 
networks were established:  

(1) To characterise organic farming systems under a diversity of soil and climate 
conditions, production types and management strategies; 
 

(2) To implement a participatory research approach to identify problems recognised by 
the sector and to explore potential and innovative solutions. 

The first objective led to the establishment of a large number of diverse groups while the 
second objective required the mobilisation of farmers sharing similar questions in a limited 
sector to promote interest and exchanges within the farmer groups and with the moderator. 

In such a context of farming system diversity, the advisor posture allows (as a first step) 
identification (in a superficial way) of the diversity of questions posed by the farmers, with the 
satisfaction of the different farmers involved in the dynamic. Nevertheless, this posture does 
not allow sufficient time or resource for the group to explore innovative solutions that could 
resolve a variety of specific issues. The group can only remain in a relatively superficial 
diagnostic phase. 

Table 1. The link between the research posture of the animator and the potential for 
innovation exploration and farmer involvement in a participatory research dynamic. 

 Research posture of the animator of the group 

Advisor 
(moderator)1 

Advisor / 
Researcher2 

Moderator / 
Researcher3 

Example Dairy & meat group Fruit/vegetable 
group 

Monogastric/crop 
group 

Farming system 
diversity 
characterised 

+ +/- + 

Farmers’ questions 
identified 

+/- + ++ 

Potentialities for 
innovation explored 

+/- + ++ 
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Farmer motivations 
- temporality 

+ in a first step 

+/- thereafter with 
farmers demanding 
a systemic 
approach 

+ for the farmers 
sharing a common 
issue 

+/- in a first step 
(objectives are 
fuzzy) 

++ thereafter for the 
farmers with a 
common issue 

1 Closest to an ecocentric approach; 2 Closest to a technocentric approach; 3 Closest to a holocentric approach. 
 
By contrast, in a participatory research dynamic, the researcher/moderator aims to highlight 
questions shared by the different farmers within their group to initiate a collective dynamic 
around trials exploring innovative solutions to address the identified challenges. Nevertheless, 
due to the diversity of these groups, the legitimacy of the choice of the questions, and of the 
associated innovations explored, is questioned by some farmers of the group and by the 
organic sector. Moreover, due to the significant investment in time associated with 
participatory research and the limited time and financial resources available, researchers were 
unable to fully invest in characterising the diversity of farming systems. The size of the groups 
and the diversity of the objectives limited the level of research investment in each farm and on 
each of the research objectives, leading to frustrations and, therefore, tensions for both 
farmers and researchers. As noted by Restrepo et al. (2014), trust building is a key element 
for collaborative success in the learning and research process. It is the result of a well-
structured process where actors have sufficient time to integrate their knowledge, gain a 
common understanding of the problem and contribute to the definition of goals, tasks and 
activities (Restrepo et al., 2014). 

Under the conditions encountered in some research projects where: (1) the demand is 
research driven; (2) the role of each stakeholder in the process is not clear or explicit enough; 
and (3) the target of the research is too broad and the role of the researcher is too ambitious 
without mobilising all the necessary expertise; tensions can be exacerbated and the risk of 
researcher divestment is high. This can lead to departure of key staff and result in a loss of 
momentum in the interaction until newly recruited staff can be fully integrated into the project 
(Dalley et al., 2014). 

In legitimacy terms, different issues were pointed out by different stakeholder groups that 
related to their particular perception and expectations of the research process. For example, 
even if the Walloon administration supported a participatory approach, they associated the 
process more with a development objective than with a research objective. They therefore 
expected results in the short term, in contrast to the delays necessary to develop a 
participatory research dynamic; questioning in this way, ex-post, the legitimacy of the dynamic 
initiated by some of the groups. In line with administration perception, the legitimacy of 
participatory research was also questioned by the scientific community, who often linked this 
practice to an over-complicated development process (Barnaud, 2013). Moreover, ongoing 
interactions also highlighted the questioning of the legitimacy of a generalist researcher 
working in a diversity of interconnected research fields in which he shares some expertise, 
even under a collaborative arrangement with specialised teams. Finally, due to the perceived 
association of participatory research with sector development, the legitimacy of the dynamic 
was also questioned by the group in charge of the development of the organic sector. It was 
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thus challenging to develop a good level of trust between the actors involved in the 
participatory research interactions, leading to the exacerbation of any tensions. 

Conclusions 
The contrasting objectives assigned to this project made it challenging to complete the first 
task in any collaborative learning dynamic; that is to create a joint definition of a problem, 
where researchers and practitioners together agree how the research process will be carried 
out (Restrepo et al. 2014). This first step in the research process provides an opportunity, for 
each researcher, to adopt a research posture that is most in line with their expertise, ranging 
from an advisor to a moderator/researcher posture. These differences in research posture or 
approach lead to a diversity of results in terms of characterising farming system performance, 
innovation exploration and actor interaction. This underlines the need for the formulation of 
clear objectives and processes and recognised expertise to equip and sustain the involvement 
of researchers and practitioners in participatory research. A participatory approach can be 
useful when the process is effectively facilitated, with research questions identified that 
address shared issues (i.e. research is demand driven) and clear trust is developed between 
the actors involved. 

In retrospect, it may have been more effective to address partly conflicting objectives in 
sequence with a first phase of one to two years to characterise the diversity of farming systems 
in terms of structure, management and performance. This diagnostic period, with regular 
communication, knowledge exchange and feedback with participating farmers, would have 
allowed a good level of trust to build between the actors and to clarify their roles. It would also 
have allowed the researcher to acquire the necessary skills to start a participatory dynamic 
with a limited number of actors sharing a common problematic as part of a second phase. 
Nevertheless, this sequential approach would not have been possible within the temporal 
constraints of the project specification. 
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Workshop 4.3: ICT to help on participatory approaches for the agroecological 
transition of agriculture 
Convenors: Jacques-Eric Bergez, Vincent Soulignac, Francois Pinet and Julie Gobert 
 
Agroecological transition of agriculture requires implementing new farming practices (from 
low-diversity- to high-diversity-based), developing new local social networks either for farmers’ 
community to share knowledge and experience or selling agricultural products (local markets). 
Participatory approaches are particularly well suited to support stakeholders in designing and 
implementing this transition. ICT may facilitate the construction of an agroecological transition 
at local level: 

1. Store and Record information: exchanges and discussions during workshops allowing 
traceability of exchanges and choices, information and data used during the workshops; 
thematic maps (eg farming systems and environmental issues within the territory), directory of 
innovative farmers, discussion forums or territory slides; how to store design elements 
proposed by actors with respect to their possible conflictual views on the knowledge and on 
the territory; 

2. Show and Visualize data: present and future vision of the territory, interactively viewing of 
the content of knowledge bases, visualization of the dynamics and exchange networks at 
workshops, modelling choices, system analysis dashboards, innovative visualization tools 
such as 3D telescopes to give the feeling of being on the ground; 

3. Structure and Equip participatory processes: access to participatory methods, toolkits to 
facilitate discussions during participative workshops for modelling and scripting (repositories, 
intermediate objects, potential physical exchanges between players, tools diagnostics, 
agricultural or regional projects, computer graphics simulations, method of socio-economic 
scenarios of changes), educational materials, modalities and achievements of a participatory 
workshop, serious games based on low- and high-diversity based agroecologisation, virtual 
meetings; 

4. Share and Spread knowledge: internally at workshops or more broadly, synchronously or 
asynchronously, direct exchanges between innovators, popularise the results of 
observatories; 

5. Create new knowledge: from the mixing of diverse information sources - experimental 
knowledge, scientific knowledge, knowledge from farmers - we explore how participatory 
methods can be used 1) with “strong” “knowledge formalisation techniques (ontologies, unified 
modelling language, etc.) or 2) with “weak” semi-formal techniques (multi-viewpoints 
knowledge organisation systems, social semantic web, federated Wiki). 

The workshop debated the technical possibilities and how they are used by researchers and 
stakeholders during participatory meetings. 
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Viewpoints-based method and tools in territorial participatory design 
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1ICD/ Tech-Cico Lab, University of Technology of Troyes (UTT), France 
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Abstract : As a part of the Tatabox project exploring ways to define and locally experiment 
‘transition to Territorial AgroEcological System’ (tTAES), researchers and rural 
stakeholders (policymakers and farmers) organised territorial participatory design 
workshops (TPD). Such TPD are especially challenging since actors projecting their 
activity into the future confront many viewpoints or controversial dimensions (farming 
systems, natural resources,  food–chain, etc.). To facilitate multi-viewpoints TPD, we 
propose a multi-ViewPoints model for both organisation and knowledge purposes. It allows  
for adequate organisation of TPD activities and agendas; it also supports knowledge 
sharing, capitalising, annotating and category-building with respect to the plurality of  
semantics of the TPD actors. It is presently experienced by rural actors in face-to-face 
meetings using classical maps and paper devices. In this paper we demonstrate and 
propose guidelines for Viewpoint-based software tools supporting meeting recording, 
annotation, information retrievial and cross-viewpoints visualisation throughout the TPD 
process.  

 
Keywords: Viewpoints, knowledge management, participatory design, collaborative work, 
territory, software tools 
 

Introduction 
Consensus rarely exists in territorial participatory design (TPD) shared knowledge building, 
and even less so in agro-ecological TPD. It appears that discussing face-to-face, in ‘oral 
culture’ organisations enhanced with ‘low tech’ devices (paper maps, post-its and 
annotation walls, audio recording) is a good way to achieve an efficient tTAES design work. 
But ‘Viewpoints’, as organisational and semiotic artifacts, can be introduced explicitly into 
such an  organisation of face-to-face TPD meetings. Taking the agro-ecological design as 
an example, this paper presents how they can take place in a concrete TPD organisational 
device.  
 
Since such an approach can be successfully experienced without ICT tools, as we 
observed it, we also propose to study it in more depth and transpose it to a viewpoints-
based ICT infrastructure, adapted to TPD workshops. The paper presents some guidelines 
we follow in the design process of Viewpoints-based ICT tools that support TPD activity. 
 
The software  modules that we are presently testing or developing have not only to 
complete face to face oral and paper devices, but also to reinforce the autonomy of 
concurrent viewpoints and categories and to make the knowledge more precise (facilitating 
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a bottom-up categories-making process separately within each Viewpoint), without 
weighing down the design with unnecessary formality. These tools could also reduce the 
costs of TPD cycles which are very time-consuming, both for animators and participants.  
 
Related research 
Especially in agro-ecology, the participatory design (Berthet, 2015) has territorial issues 
needing especially multi-viewpoints confrontation (Pipek et al., 2000). To facilitate multi-
viewpoints TPD it  is necessary to make more explicit how a Viewpoint can be defined  in 
the particular context of a sequence of TPD workshops. In some regards it can be seen as 
an organisation artifact (Teulier et al., 2000, 2004), or a coordination mechanism (Schmidt 
et al., 1996), including also communication and knowledge aspects. Explicit ViewPoint is 
here considered as a potentialy fruitful notion to document the participatory activity we are 
considering. 

Territorial decisions in territorial design can use TPD focus groups, serious game support 
and roles gaming (De Olde et al., 2014 ; Martin et al., 2011). In our hypothesis, viewpoints 
are of major interest for these approaches because they help both to structure TPD activity 
(free or imposed group forming, agenda of discussions alternating groups with and without 
Viewpoint…) and  to structure TPD knowledge issues (for knowledge sharing and 
capitalising, annotations, category building) while respecting the plurality of  semantics of 
the TPD participants. Viewpoints confrontations were studied, for example in scientists’ 
work (Bowker & Star,  2000; Felder, 2010).  

Like scientists’ teams working in an interdisciplinary manner on complex phenomena, 
designers in TPD contexts can hardly convoke in a unique “panoramic” overview  all 
events, proposals, disciplinary interpretations, categories, possible consequences, etc., 
involved in the design situation. They rather experience and know the situation as a 
conjunction of concurrent views on the situation, resulting in a controversial, dynamic and 
unknowable configuration of viewpoints. 

 
In the scientific and technological domains areas directly interested in cooperation and 
collaborative knowledge engineering, the notion of Point of View has been studied by many 
scholars (Bowker et al.,1994; Dourish, 2000; Simone et al., 2001). Viewpoints have been 
considered in design activities to organise annotations on artifacts in mechanical design 
(Boujut et al., 2003; Guibert et al., 2009). In participatory workshops, useful knowledge 
emerges from situated activity where actors’ practical experience is influenced by several 
semantic grids coming from dominant viewpoints. Faced with “strong semantics”,  “weak 
semantics” find it difficult to establish their own language and categories, as analysed by 
(Bowker, 2010) and (Bowker & Star, 2000)  noting how classification (of diseases, of 
death/birth instant criteria, etc.) can become a pure power exercise profiting to actors, 
dictating or influencing their language or their categories. It could lead to the weakening or 
exclusion of certain stakeholders.  
 
Territorial Participatory Design has been studied in rural areas. Analysing several cases, 
like the ecological restoration of Grand-Lieu Lake, Teulier and Hubert (2004) use the notion 
of multiple “words of interest”. They notice  that stakeholders sharing common territory with 
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various viewpoints are both independent and interdependent, ‘with social positions usually 
very unequal and may be associated with the knowledge they hold or apply’. Therefore 
knowledge is here a key point. Figuring out, naming and building the items into categories,  
represents a major type of knowledge and major stakes in Collaborative Knowledge 
Engineering. Knowledge structured by viewpoints has been studied in Knowledge 
Engineering (Dourish, 2000; Benel et al., 2009; Cahier et al., 2013) especially for 
categorising, naming domain items and relying them. A name, a category or a set of 
categories can be relevant in some of the worlds of action existing on a territory, but not 
for all. So as we will see below, TPD organisation and agenda have to  insure that the 
naming and categorising of things can  be “isolated” in Viewpoints,  as cooperation artifacts. 
Viewpoints aim to consider the others’ perspective, establishing equality or symmetry even 
when social status differ. They are a means whereby stakeholders can dynamically 
question and change their own representations on a regular basis.  

Ilustrating Viewpoints in agro-ecology TPDs  

Context of the experiments 
To reduce the impact of agriculture on environment and human health, energy crisis and 
climate change, agroecology has to be designed with  “weak” approaches opposable 
to “strong” ones. The second way promotes a stronger ecologisation of agriculture by 
reducing inputs (fertilisers, pesticide, energy…) and using ecosystem services at the field, 
farm and landscape levels. It requires changing deeply the management of farming systems, 
natural resources and food–chain while dealing with a wide range of environmental and 
societal changes. To support them, agricultural actors and interdisciplinary teams of 
researchers require new methodology, where agricultural stakeholders develop vision(s) of 
the desirable ‘transition to Territorial AgroEcological System’ (tTAES) applied to concrete 
and local agricultural systems.  
 
“Tatabox”1 is a french R&D project exploring ways to define and locally test tTAES 
approaches. In a part of this project, in 2015 and 2016, rural stakeholders (policymakers, 
farmers) are working in TPD workshops focused on the Aveyron region (located in the south 
of France). 
 
In these participatory workshops, participants have to make an  inventory and to examine a 
large amount of ideas, problems, solutions, themes, things of the world, etc., by discussing  
and referring to two critical sets of issues:  

 not-precisely geolocated topics and items  : these topics and items  can be 
for example grouped into categories so as to be situated onto non-
geographic maps (e.g. topic maps)  

                                                 
1 “Territorial Agroecological Transition in Action”: a tool-Box for designing and 
implementing a transition to a territorial  agroecological system in agriculture”. 
ANR project (2014-2018) led by INRA Toulouse  (National Institute of Agronomy) 
- http://www6.inra.fr/tatabox 
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 more precisely geolocated topics and items : they can be situated both on 
geographic maps and on non-geographic maps.  

 
For this reason, in the field experiments presented below (see Figures 4 & 6) we shared 
the wall or table annotation panels in two parts, respectively dedicated to geolocated vs 
non-geolocated items and annotations.  

 
General Method  
In our approach in the agroecological TPDs field, a Viewpoint is a construct which has  a 
conventional label (for example: the “Natural Resources”;  the “Cooperative”;  the “AgriFood 
Chain”). It can refer conventionally (as a network “node”) to particular people, places, 
semiotic attributes (colour), dates and documents participating to its use. The name of the 
Viewpoint can refer to a business, an opinion, a representative object, etc. Under its label, 
a given Viewpoint is an agglomerate, taking historical consistency in the context of a peculiar 
TPD sequence. It can be described more precisely with various keywords (for example, in 
the right part of Figure 1:  archetypal actors’ jobs, communities, cultures and goals) helping 
stakeholders to understand, nourish and endorse the Viewpoint.  
 
In the project Viewpoints were used to organise finer grain stages of  “workshops by 
Viewpoints” alternated with “multi-Viewpoints workshops”, because in design activity it is 
important to consider both the independence of viewpoints (leading to make each Viewpoint 
more explicit) and their interdependence (because  the design is relied to given map and 
territory). In design of rural territory relevant Viewpoints are especially numerous and 
imbricated. Based on this general model, several detailed organisations are possible (see 
for example the two following sections). Each Viewpoint is a “container” to store language 
elements, topics,  categories and interpretations within the Viewpoint. So the Viewpoint is 
an artifact organising both TPD activity and knowledge.  

A preparatory role play exercise with Viewpoints 
First we designed a exploratory experiment2, whose one goal was to verify hypotheses or 
intuitions concerning Viewpoints: 

(i) Roleplay based on Viewpoints can provide an efficient scaffolding to 
stakeholders’ positioning practices,  favouring a less influenced  
collection of ideas, and making the design more contrasted, active and 
detailed  equally in all perspectives;  

(ii) Places and displacements [8], spatialized artifacts with semiotic 
attributes [18] are very important issues in participatory activities. If 
Viewpoints are associated with “protected places and times”, assigning 
a fixed place to each Viewpoint (its participants, maps and annotations 
they each build)  completed by circulation rules and semiotic parameters 
(e.g. colours of annotation) makes the inter-Viewpoints confrontation 
more productive. 

                                                 
2 Conducted in February 2015 during 1h30 with 28 participants (scientists of the 
Tatabox project ) in INRA Toulouse 
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Figure 1. The device and the four Viewpoints in the roleplay exercise (February 2015) 

To verify this hypotheses, 4 “mono-Viewpoint” teams (of about 7 people) were constituted 
from pre-established lists. These teams were  disposed in a large room  at distant places 
(Figure 1) so as to make overhearing between them impossible or difficult to perform. Each 
team could use  a table (with documents and post-its) and a vertical panel. The panel ( 
Figure 2) was divided into two zones for annotations with and without map. For each team 
a different colour for post-it and pencils was imposed. In this experiment the circulation rules 
within the common room were changing in the course of time: 
 

(i) The circulation between Viewpoint was forbidden in the first 30 minutes, to give 
time for each Viewpoint to acquire an identity and make propositions for the territory.  
(ii) Then, at t0+30 minutes, a Viewpoint team could send 1 or 2 “spys” in order to 
observe the  annotations in other places and report to their own  group. Spys were not 
allowed to speak during their trip, but each group could write (and ask the spys to 
throw) written messages (questions, annotations….) to other groups.  
(iii) Then, at t0+60minutes,  all Viewpoint members could walk around, observing 
three rules: to remain silent (only written communication),  to keep a kernel meeting in 
their camp (to not dilute, read or react to incoming messages) and equilibrate activity 
of receiving and emitting messages.  

 
Specific colours for post-its and for direct writings on panels allow identification of their origin, 
e.g. a yellow message from “La Mairie” answers to an annotation on the “La Cooperative” 
map (Figure 2a).  
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Figure 2. Wall trace of 2 “Viewpoint places”: a) “Coopérative”; b)  “Alternatifs”. 

Participatory workshop with Viewpoints 
This workshop took place during a full day (13/11/2015), with 15 rural participants and a 
strong animation / observation team (10 people). A device was used with three Viewpoints 
(“Agricultural production”, “Transformation/Consommation” and “Natural resources”). This 
day was part of  a sequence of meetings with the same stakeholders’ group (starting in April 
2015, continuing in 20163). The device for the day prescribed  several working stages (Figure 
3): 

1)  Morning: alternate plenary session and short parallel sessions (without 
Viewpoints), resulting in a shared list of 5 transverse  “main issues”  to be explored 
in the afternoon ; 
2)  Early afternoon: three separated focus groups “by Viewpoint” were formed, in 
three different rooms (participants were assigned to one group according to a 
predefined list). The 5 “main issues” were crossed with dominant subcategories of 
the Viewpoint : e.g. “water”,”biodiversity” or “soil” were subcategories of the “Natural 
resources” Viewpoint.  At the end of this session (2-4h pm), wall panels with post-
its mapping by issues and by Viewpoint topics were photographed and duplicated ; 
3) End of afternoon: the members of the precedent groups were re-mixed into 
“cross-Viewpoints” focus groups (two Viewpoint by two Viewpoint). The second 
viewpoint wall panel previously photographed was displayed onto a screen nearby 

                                                 
3 The present paper does not report all results of this very rich series  of TPD 

experiments (it will be made soon in more details by complementary papers from 
other scientists involved). We only focus in this article on the Viewpoint model and 
its contribution to the TPD device (both at organisation and knowledge levels) with 
classical paper support and possibly towards future ICT support. In addition to the 
multi-Viewpoints issue, many methodological ideas and innovations contributing 
to the TPD success were brought by other researchers involved. Thanks 
especially to  J.E.Bergez, E. Galvez, O.Therond, M.Taverne, G.Martin, 
A.Gonclavez, J. Ryschawy and M.Willaume.  
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the first one (the original, on paper)  in order to confront the two Viewpoints’ 
knowledge, categories, arguments and annotations. In this way participants were 
able to compare and discuss the two sets of annotations written in the two “mono-
Viewpoint” groups during the previous stage.  
 

Figure 3.  TPD device (13/11/2015) structured by Viewpoints : a 2h session  of 3 
“mono-Viewpoint” groups was followed by a 1h one  of 3 “bi-Viewpoints” groups  
 
When new ideas or discussions occurred during cross-Viewpoints confrontation, the paper 
panel was typically overloaded (Figure 4) by green post-its in case of agreement or minor 
remarks, and by red ones in case of disagreement or design dissension (design “clashes”). 
 

   
 
Figure 4. Annotation of “agreements” and “dissensions” during “cross-viewpoints” 
session 
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Lessons learned and implication for ICT implementation  
The results of these field experiments, both using the socio-technical Viewpoints model 
proposed put into evidence that : 

(i) The positions of the different stakeholders are more clearly detailed when 
based on a system with Viewpoints. Even though paper was used as a support 
the way to design new agroecological models step by step by viewpoint stimulate 
interest, participation and codesign of participants. 

(ii) The TPD seems to be made easier during stages devoted to 
confrontation between Viewpoints.  Discussion is fostered (between small 
groups or by peer-to-peer exchanges) when the device allows circulation of 
participants and cross-visualisation of written annotations in Viewpoints. 

(iii) Comparing with stages without Viewpoints, theming and category-
building were more coherent, more fine-grained and less laborious in stages with 
Viewpoints. 

(iv) Viewpoints-based devices  and spatial circulation favour strategies or 
micro-alliances between stakeholders with dissimilar viewpoints, concerning 
ideas or territory issues. 

 
Globally these positive results allowed us to sketch reflection, mock-ups, and tool selection, 
to propose some ICT functions implementing the model in computerised TPD collective 
practices. 
 
The agro-ecological TPD Viewpoints-based device presented above was a face-to-face one, 
only supported by paper. In a further stage, it may be interesting to propose a similar 
Viewpoints-based device, but supported (partially or completely) by ICT tools. Such 
computerised tools could allow both face-to-face and remote participation and accept more 
numerous designers. They could also reduce the costs of TPD cycles which are very time-
consuming for animators and participants.  By using the  Viewpoint model  and by learning 
from the lessons of its experiment,  ICT tools should improve pertinence, granularity and all 
advantages noticed above. Naturally the Viewpoint-based computerised tools  that we 
propose in order to accompany the TPD activity have to be designed to preserve the wealth 
of face-to-face discussion and knowledge sharing, not weighing down the TPD activity with 
unnecessary formaliity (Shipman et al., 1999). 
 
Consensus rarely exists  in TPD, and more rarely in agro-ecological TPD. In contrast, 
Decision Support Systems (DSS) or sophisticated Knowledge Engineering systems (such 
as Semantic Web systems based on domain “ontology”) are too formal systems, far from 
stakeholders’ practices (Bowker, 2010). They encourage a top-down categories-making and 
are far from stakeholders’ practices, especially when they defend conflicting perspectives. 
 
We now are preparing  a set of practical and simple computerised functions using 
Viewpoints,  to propose them to actors and evaluate with them their usability in future TPD 
workshops. Below we give just two examples : 
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(i)    MM-Report4  completes the audio recording of  meetings by indexing 
the audio content with coloured marks and tags for time, speakers’ names, 
categories, design rationale topics. In the long records of the meetings (many 
hours),  it helps actors in retrieving oral fragments and tagging them. 

(ii)    Lasuli (Bénel et al., 2011) and Cassandre (Lejeune et al., 2011) are 
two Web-based associated tools5 for qualitative analysis and co-working on the 
written text (transcribed from the previous audio records). As shown in (Figure 
5b), fragments can be selected, highlighted and associated with categories in 
Viewpoints. That way TPD actors can quickly retrieve what was said during the 
meetings. This tool allows cross-readings  of annoted TPD verbatims, with 
categories organised by Viewpoints. 

 

 
Figure 5. Some tools proposed to support Viewpoints in TPD activity: a) MM-Report  
(Matta et al., 2013); b) Cassandre (Lejeune et al., 2011 + Lasuli (Benel et al., 2011); c) 
Hypertopic model including Viewpoints  (Zhou et al., 2006).   

To demonstrate these tools to TPD participants the same set of colours was used for MM-
Report Categories and for Lasuli Viewpoints (Figure 5b: highlighting of fragments on the left, 
colouring of categories on the right margin). Cassandre and Lasuli use the technical protocol 
‘Hypertopic’ (Zhou et al., 2006).  (reminded in Figure 5c) precisely designed to implement 
multiple Viewpoints organising Knowledge on items. We presently use this protocol as an 
infrastructure to integrate existing or future tools and prototypes favouring Viewpoints use in 
TPD distant meeting. 

                                                 
4 MM-Record and MM-Report are two complementary free IOS Apps (running 

on iPad and iPhone) developed by UTT for recording, hearing and tagging audio 
records of design meetings. 

5 Open-source tools (see  http://hypertopic.org/) 
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Conclusion 
In the TPD workshops, Viewpoints allowed a more successful design by the considered 
stakeholder. Not surprisingly it appears that discussing face-to-face is the best way to 
achieve an efficient tTAES design work. The more efficient solution we recommend is to use 
Viewpoints to optimise the interaction in the oral culture patterns, just reinforcing them 
(cautiously) by selected spatial solutions and by a touch of written culture:  co-writing paper 
supports, symbolic and iconic artifacts such as coloured Viewpoints. 
 
Now what about the ways to use ICT in the next phases of the mentioned TPD ? Although 
the spectacular inflation of sophisticated tools offered by advanced ICT and Knowledge 
Engineering for managing domain Knowledge or discussing at distance, for the agro-ecology 
TPD we are faced with (in complete agreement with the Tatabox project staff), we continue 
to feel that the best way is the face-to-face “artisanal’ discussions we have described, 
completed by symbolic/ iconic artefacts. Such a position could seem strange in 2015, in our 
era of ICT-based “New Collective Intelligence”. In fact, stating that oral culture does remain 
the fundamental medium for conflict management in TPD, does not prevent experimentation 
with new ways to apply ICT technology to it. This technological attempt, for which we gave 
a brief sketch in the final section above, is to provide a socio-semantic infrastructure 
supported by Viewpoints ( Cahier et al., 2013) for actors’ interaction. The oral discussion in 
face-to-face stays as a grounding principle, but its device is reinforced by artifacts combining 
paper and digital tools. A stake is to provide symbolic, spatial and semiotic distinctive 
language elements, such as explicit Viewpoints, to better organise the discussion work and 
its traces.  
 
In TPD workshops it should  make it possible to take into account higher complexity, finer 
description of conflicts and higher granularity of knowledge, resulting in better tuning of 
human interaction, better engagement and better participation. Given these precautions, the 
‘New Collective Intelligence’ could have some effect on territorial participatory design. 
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