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1 Introduction and Scientific background 

1.1 Modelling agri-environmental measure adoption 
Economic or biophysical models begin to be more and more commonly used tools for the analysis or 
the design of public policies. This interest can easily be understood. Reliable models offer the 
possibility to experiment future scenarios of action, or to test hypothetical changes in the past, which 
help to understand what happened. They may be able to answer a large variety of questions (aggregate 
results, non aggregate results, focus on some variables, propose various statistics on results…).  

The development of more complex policies (including optional aspects) and the increased need to take 
into account their social as well as economic impacts, lead the policy makers to be interested by a new 
type of models : social models in which elaborated representation of agent behaviours is available. 

The agri-environmental measures (AEM) are examples of policies in which understanding the 
behaviour of farmers is important : farmers are free to choose to adopt them or not. A simple 
economic calculation is not the only criterion explaining farmers behaviour in the case of AEM 
adoption. Being paid by public finances for biodiversity protection or landscape maintenance is a new 
situation for farmers. This new behaviour may imply a change of perspective, a different view of the 
job of farming, which needs time. One can therefore expect the influence of other farmers and of more 
or less institutionalised contacts to play a part in farmers decision process. Therefore, models for the 
analysis or the design of such policies must integrate farmer behaviour, including his interactions with 
other farmers and institutions, as an explicit part,. 

The objective of the IMAGES project is to elaborate such a model and to test it on a variety of study 
zones in Europe. The aim of the model is to bring a better understanding of the adoption diffusion in 
these study zones, and if possible to extract more general results that could be useful for the design of 
future AEMs. One important difficulty of this attempt is the diversity of situations and of scientific 
disciplines which re involved. 

The AEMs designed under the 2078/92 regulation include a variety of objectives : biodiversity 
conservation, landscape improvement and maintenance, input reduction, conversion to organic 
farming. The global context of study zones is also highly variable. In some cases, the farming 
population involves less than one hundred farmers, and in other cases, several thousands. The 
measures can be the result of a local initiative, or on the contrary coming from a totally top-down 
administrative process. 

The multi-disciplinary nature of the sources of the scientific background, brings another source of 
diversity. One can identify three main components: 

• = Rural economics and sociology, which bring an essential background about farmers behaviour, 
values, specific way of life. The economic utility and the specific constraints of different farming 
systems, although not the main focus of the project, cannot be ignored. 

• = Innovation diffusion research, which studies how new ideas or behaviours are communicated in a 
social system. These researches begun in the thirties and studied the correlation between the 
adoption and several individual characteristics (Ryan and Gross 1943). More recently, these 
studies use the concepts coming from the sociology of networks, and focus on the influence of 
local interactions. 

• = Agent based modelling, which is a very general modelling approach, coming from computer 
science. It aims at modelling large systems by the specification of distributed interacting, 
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autonomous components. It is more and more commonly used to test various hypotheses in social 
sciences. Various options for modelling individual behaviour are investigated, from simple 
automata or standard economic utility maximisation to very elaborated models referring to 
researches in the psychology of decision making. 

The multi-disciplinary nature of the research is an important aspect of the project. This is one asset of 
models to offer the possibility to integrate different disciplinary views in the same coherence.  

In this chapter, we present the main components of the project’s scientific background, and identify 
the main innovative lines of research that must be developed in the project. 

First, we describe some work in rural sociology and economics which refer to the importance of the 
social networks in the decision making process. Then, the general sociological models of innovation 
diffusion are discussed. Finally, we present the field of agent based social simulations, with a 
particular focus on the implementation of sociological models of innovation diffusion. We conclude 
this chapter by the set of questions and specific objectives suggested by the analysis of this scientific 
background. 

1.2 Farmer decision making processes and social networks 

1.2.1 Importance of socio-informational networks for farmer decision 
making 

Several studies in sociology recognise the importance of socio-informational networks in farmer 
decision making process1. Most of these studies focus on transfer of technology (innovation adoption). 
In particular, (Buttel, Larson et al. 1990) in their review of the Sociology of Agriculture, state that 
farmers’ decisions were affected by neighbouring farmers opinions and advices, as well as by 
institutionalised sources such as extension and mass media. One can distinguish two aspects in this 
process : 

• = Information search. The network of colleagues and extension institutions is used in order to get 
relevant information to support the decisions (Ferreira 1997). Trusted others play the role of 
experts in different disciplines in order to provide advises. 

• = Normative control and prestige allocation. The normative control is based on an agreement about  
what constitutes ‘good’ or ‘bad’ farming practices (Newby, Bell et al. 1978). Peer judgement, 
connected to the public character of the farming activity is also important in the decision process 
of farmers (Hill 1986; Seabrook and Higgins 1998). 

The distinction of these two processes seems important to understand farmer decision making. The 
information search can be interpreted as a more rational part of the decision, in which expectations and 
uncertainties are evaluated. These expectations and uncertainties are probably related to the particular 
farm. The normative control includes shared values in the community. This goes beyond the particular 
farm, and is less likely to correspond to a rational, explicit reasoning. 

1.2.2 Particular case of conservation practices  
We found only very few studies of the conservation practices adoption which involve the socio-
informational networks of farmers. 

(Lowe, Cox et al. 1990) studied the influence of advice and information on the uptake of agri-
environmental schemes. They conclude that farmers tend to give more importance to the sources of 
information coming from the farming community (neighbouring farms, NFU…). 

                                                      
1 This point is developed in more details in S. Skerratt’s literature review (see the annexes of the second year 
progress report) 
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(Morris and Potter 1995) identify the advisory network, demonstration projects and further training as 
means by which farmers move from passive adoption to active adoption. 

(Skerratt 1998)found that farmers were influenced by each other in the context of their ESA decision 
making. It was found that, although a farmer’s final decision concerning ESA adoption/ non adoption 
may be based very much on the individual farm basis, interviewees did point to the influence of 
rumours on their decision process. This was particularly reported that some farmers waited to see how 
other farmers, know to them, were finding the ESA scheme, and that this definitely had an effect on 
their overall attitude to the scheme, and their likelihood of adopting in principle. 

(Black and Reeve 1993) examine the extent to which the theories of adoption innovation help to 
explain the participation in landcare groups (autonomous groups of people aiming to develop more 
sustainable farming systems in Australia). They show that the attitudinal variables are more important 
in explaining landcare group membership in the early stages, but, as the proportion of participating 
farmers increases, situational variables become more important. However, the authors conclude that 
one must be careful about generalisations based upon samples from relatively confined social, 
geographical or economic units. 

It seems that the methodological framework of innovation diffusion (involving network analysis) has 
not been much applied to the problem of conservation farming practises diffusion.  

1.2.3 The relevance of innovation diffusion theories for agri-environment 
The relevance of innovation theories for the adoption of conservation farming practices is the subject 
of a debate in the community of rural sociology. The main point of several authors is that the adoption 
of conservation practices is different from the adoption of new technologies. For instance Roling 
(Röling 1993), in his study about the emerging sustainable agriculture in the Netherlands states that a 
shift towards a more sustainable agriculture is not a question of adoption of an innovation, because it 
requires a slow learning process and a change in mentality. (Pampel and Van Es 1997) showed that 
farmers tend to be innovative with respect to commercial or environmental practices, not both. (Potter, 
Burnham et al. 1991) doubt that conservation might not be seen as an innovation by the farmers. 

However, according to Valente (Valente 1995) “Diffusion of innovations is the spread of new ideas, 
opinions, or products throughout a society, thus diffusion is a communication process in which 
adopters persuade those who have not yet adopted to adopt”. In this broad sense of innovation, the 
adoption of agri-environmental measures or more sustainable farming practices seems appropriate.  

The sociological theories of innovation diffusion do not suppose that the change of behaviour is 
technical, or even innovative. The only requirement is that the decision of change is influenced by the 
others (and especially the adoption of others). This role of others in the adoption of agri-environmental 
measures is one of the key subjects investigated in the project. Therefore, we consider that in this 
broad sense, the sociological theories of adoption diffusion are a relevant starting point as a framework 
for the adoption of agri-environmental measures. However, we keep in mind that we might have to 
develop this framework in a different direction than the one commonly considered for technological 
innovation adoption.  

1.3 Sociological approaches to innovation diffusion 

1.3.1 Review of sociological models 
The study carried out by Ryan and Gross (Ryan and Gross 1943) about the diffusion of hybrid corn in 
two Iowa communities is often considered as the starting point of the research on innovation diffusion. 
Their main problem was to understand why some farmers adopted earlier than others, among all who 
had an economic interest to adopt the innovation. They tried to capture these differences with variables 
such as social participation, education, cosmopoliteness, and media consumption which were more 
highly correlated with the time to adopt than the size of the farm and the length of farming experience. 
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Moreover, the data of cumulative adoption showed the typical S-shaped curve for the diffusion of 
innovation. 

This type of curve is explained by the risk of innovation adoption, and the uncertainty about the 
outcome of adoption. The observation of earlier adopters is a means for reducing this uncertainty. 
Therefore risk tends to force individuals to turn to their peers to gain more information and/or 
reassurance about the outcome of the adoption. (Rogers 1983) refers to contagion as the diffusion 
effect. When the number of adopters  increases in the network of peers, the pressure for adoption 
increases. 

However, the capacity to resist to this pressure vary among individuals. This led to the definition of 
the threshold models (Granovetter 1978). An individual’s threshold is the proportion of adopters in the 
considered group necessary to convince him to adopt. Originally this model was applied to the case 
where the group was considered to be seen globally by all individuals (the example of riots). 
Innovation diffusion theory has been applied to very different subjects : farming innovations, family 
planning practices, medical technology, policy innovation, language (see (Rogers 1983) for a 
comprehensive review).  

A connected concept is the idea of critical mass, which is the necessary number of adopters to 
propagate the innovation to the rest of the population.  

The introduction of the network analysis techniques (see (Burt and Minor 1983) for a review) in the 
innovation diffusion opened new directions of research ((Coleman, Katz et al. 1966), (Rogers and Beal 
1958)). The network analysis techniques are very important for innovation diffusion because they help 
to determine who influences whom.  

The network approach led to refine the models and to define the personal network threshold models, 
corresponding to the proportion of adopters in the personal network (also called personal exposure) 
leading to adoption. The exposure can be calculated for direct links, or for indirect links divided by 
their length using the flow matrix (Freeman, Borgatti et al. 1991). The exposure at the first level is 
used to define a local threshold for adoption, corresponding to the proportion of adopters in this one 
step network which led to adoption. The threshold lag corresponds to the time necessary for adoption 
when the threshold is reached (in general the adoption does not occur right when the threshold is 
reached). The more formal definition of the threshold is the point at which the perceived benefits 
exceed the perceived costs ((Granovetter 1978), p. 1422).  

The network approach also led to reconsider the critical mass concept, and connect it to the different 
versions of the personal network threshold. This research shows that the critical mass varies with the 
threshold distribution of the population and with the social network structure. 

Finally some empirical models mix the personal network approach and the system approach, 
postulating that both influences play a role (Valente 1995). 

1.3.2 Some results or stylised facts found by the sociological approaches 
The relational and structural approaches are considered by (Valente 1995) as an important advance in 
the research, compared to the previous sociological researches. However, some qualitative results of 
previous studies (classic model), can be of importance to interpret the dynamic models involving more 
detailed representation of the decision making process.  

1.3.2.1 Classic model 
The classic model (Rogers 1983) distinguishes five key stages in the innovation diffusion : 

• = Awareness : the agent becomes aware of the existence of the innovation and gets a general 
perception of what it entails 

• = Persuasion  : the agent becomes progressively interested by the innovation 

• = Trial : the agent tests the innovation on a small scale 
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• = Adoption : actual decision of adoption 

• = Consolidation : The agent seeks reinforcement on his decision or rejects it. 

In general since the AEMs are adopted through a five year contract, the categories of trial and 
consolidation seem less relevant in this context.  

1.3.2.2 Network approach 
Two types of approaches are distinguished in the network approach : relational network diffusion, and 
structural network diffusion (Valente 1995). Relational network diffusion focuses on direct ties among 
individuals. Structural network diffusion focuses on individual’s position in the social structure. In 
both cases the results are obtained by different statistical calculations applied to data sets of social 
networks and adoptions. 

The main results of relational network approaches can be summarised as follows : 

• = Opinion leadership. The opinion leadership is considered in the two-step flow hypothesis model 
((Katz 1957), (Robinson 1976), (Weimann 1982)). In the first step of the model, opinion leaders 
are convinced by the media, and in the second the diffuse the information to their network. The 
idea is that when opinion leaders adopt, the uncertainty decreases for the others and they tend to 
adopt more easily. In practice, the leadership is evaluated by the number of nominations sent or 
received by the individual, indicating the size of his network. The correlation studies between 
connectedness and innovativeness (meaning early adoption of the innovation), realised on 
different sets of data (medical techniques, family planning, farming practices) show the following 
result (Valente 1995): opinion leaders, measured in their number of connections, adopt 
innovations relatively early, and then based on the communications with these leaders, other 
imitate their behaviour and adopt later. However, (Becker 1970) showed that the role of leaders 
depends on the type of innovation : high potential innovations2 are adopted earlier by leaders who 
tend to increase the diffusion, whereas low potential innovation are more likely to be adopted 
earlier by marginal individuals, and the presence of leaders tends to decrease the level of adoption. 

• = Personal network radiality. The personal network radiality of agent A increases when the people 
connected to A are not connected together. The empirical results on different data sets show that 
the radiality is positively correlated with early adoption. 

The structural models focus on the structure of the network and the diffusion, using different network 
structure indices. In the data sets examined in (Valente 1995), the correlation is calculated on the 
different communities involved in each data set. Typical example of structural indices are : 

• = Centrality : Different measures of centrality can be defined. They indicate roughly the ability of an 
individual to reach the other agents of the network. From the individual measure of centrality, a 
global measure of centralisation of the network can be evaluated. The empirical results show that 
centralisation favour the diffusion of innovations which are initially perceived as non risky, but it 
slows the diffusion of innovations which are initially perceived as risky or not relevant. 

• = Structural equivalence : It measures the degree two individuals have the same relations with the 
same others. (Burt 1987) used structural equivalence for a reanalysis of the (Coleman, Katz et al. 
1966) study on medical innovation. The results show that people with high structural equivalence 
tend to adopt with the same network exposure. 

1.3.3 Limits of the network approach results 
The work of (Van den Bulte and Lilien 1999) tends to question some results of the network approach 
of adoption diffusion. They consider a probabilistic variant of the network threshold model, in which 

                                                      
2 The potential of the innovation is defined by the proportion of the population which finally adopts it (when the 
adoption process is totally stabilised). This is not a judgement about its intrinsic interest or value. 
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the probability of adoption is a parametric logit function. Classically variables of the parametric 
threshold are sociologic characteristics of the agent (age, status…).They also included parameters 
corresponding to the exposure to marketing effort from the companies selling the product. The 
parameters of this function are empirically evaluated on from the adoption data of medical innovation 
(Coleman, Katz et al. 1966) about tetracycline diffusion. The results show that in this case, the 
marketing effort was the most important factor explaining the adoption. The effect of contagion seems 
negligible, which contradicts the initial studies on this data set. This result invites to be careful about 
the empirical results found on various studies in which the exposure to marketing effort was not taken 
into account. 

On a more general stand point, one limit of these models is that the actors rationality is not explicitly 
expressed in the model, it is still a kind of statistical black box.  

The agent based models constitute a very appealing solution to go in this direction. The first step is the 
simulation approach of threshold networks. 

1.4 Simulation of threshold network 
The social simulation research field (Gilbert and Conte 1995), aims at reproducing the social dynamics 
in computer models. It happens that threshold models (whether network or global) fit exactly to the 
most popular type of social simulation model : the simple automata networks. These models offer the 
possibility to go beyond the computation of correlation between the adoption time and various 
network measures : they allow one to reproduce dynamically the process of adoptions. We first 
describe this model in its generality, and then briefly review how it has been used for innovation 
diffusion simulation.   

1.4.1 Simple automata networks 
Cellular automata or automata networks have been used in various researches (Weisbuch 1991), and in 
particular about social modelling (Doran 1998), (Gilbert and Troitzsch 1999). In these models, the 
agents are simple automata characterised by : 

• = A fixed set of associated agents (these sets define the global network). Weights can be associated 
to the links. Let iN be the set of associated agents to i. 

• = A set of inputs from the environment : )(tix . 

• = A behaviour )(tbi chosen in a discrete set. 

The dynamics define how the behaviour of the automata change in time. Two different aspects must 
be distinguished : 

• = the rule for updating the behaviour for agent i :  

( )( ))(,)()(
 

ttbftb iNjji
i

x
∈

=  

This rule is a function (sometimes probabilistic) of the neighbours’ behaviour, and the weights 
associated to the connections. It may also involve other inputs taking values which are specific to 
the agent. 

• = The scheduling for updating the behaviour of the agents. Two common options are the parallel 
update (all agents are updated at each time step) or random update (an agent is chosen at random 
and updated at each time step). 

The cellular automata (Wolfram 1984; Toffoli and Margolus 1987) are the typical example of simple 
automata networks.  
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1.4.2 Use of these models for innovation diffusion 
Simple automata networks can be used to simulate the threshold model of innovation diffusion or new 
product growth in marketing. Each automaton represents an individual in a social system, and the links 
between the cells represent the links between individuals. The links can represent working relations, 
friendship or any type of contact. The behaviour corresponds to adoption or non adoption of the 
innovation.  

(Blume 1993; Ellison 1993; Blume 1995) consider automata networks implementing the threshold 
model, in which the threshold is related to an intrinsic payoff to the considered agent. This leads to the 
definition of the agent’s utility as the sum of : 

• = An intrinsic payoff to the considered agent and, 

• = The weighted proportion of the agent’s neighbours who adopted the behaviour.  

In this case, it is supposed that their is a cost to have a different attitude than an associate. However, a 
more general social cost can be defined from a cost matrix (defining the cost to have behaviour 1 when 
the neighbour has behaviour 2, and a cost to have behaviour 2 when the neighbour has behaviour 1). 

A very similar cellular model of new product growth takes into account the advertising exposure 
instead of the intrinsic payoff (Goldenberg, Libai et al. 1999).  

In general, the updating rule switches the agent to the behaviour maximising its utility. Young and 
Blume (Blume 1993; Young 1998) study a weaker updating rule in which the behaviour is chosen 
according with a probability exponentially decreasing with its utility. This model is called perturbed 
best reply. This leads to the definition of a probability distribution of the global states3 of the system. 
The system is ergodic, meaning that the probability of a global state corresponds to the frequency to 
which the global state is visited, whatever the initial global state. 

This framework led to different theoretical results of interest : 

• = In the case of perturbed best reply choice strategy, the stochastically stable global state is the risk 
dominant one (the one minimising risk), and not the Pareto optimal state. 

• = Other types of choice strategies (imitation) may lead to statistically stable Pareto optimal state  

• = In the case of perturbed best choice, the time of convergence to the stochastically stable state does 
not depend on the global size of the network, but rather on the structure of the links (Young 1999) 

• = In the case of best choice (without perturbation), the probability to reach the optimal state from an 
initial low number of seeds can be evaluated according to the structure of the network of 
interactions (Weisbuch and Boudjema 1999). 

1.4.3 Models of cultural influences 
One can consider cultural change as a particular case of innovation. Moreover, the diffusion of one 
change in behaviour may need some cultural change to propagate. It is not surprising therefore that the 
models of cultural change show important similarities with the models of innovation diffusion. 

As an illustration, wz consider two examples of such models : (Nowak and Vallacher 1998) and 
(Axelrod 1995). In both cases, the considered agents are very simple, and have no decision to make. 
The focus is on the evolution of beliefs, or individual traits under the influence of others.  

An important principle of these models is the fundamental principle of human communication that 
“the transfer of ideas occurs most frequently between individuals…who are similar in certain 
attributes such as beliefs, education, social status and the like” (Rogers 1983). For instance, Axelrod’s 
model gives a higher probability of interactions for individuals who have many similar cultural traits. 

                                                      
3 Global state means here the collection of states of all cells of the system 
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The result is a type of dynamics in which similarity leads to interaction and interactions leads to 
similarity. The problem of these models is therefore to prevent them to converge systematically 
toward total uniformity. Both computer simulations (Latané and Nowak 1997) and  analytical 
considerations (Lewenstein, Nowak et al. 1993) identified the mechanisms leading to clustering and 
polarisation. Their conclusion is the three factors are particularly important for the possibility of 
minority clusters : discrete opinions (or attitudes), the presence of leaders, and the local nature of 
influences due to the geometry of the social space. 

1.4.4 Limits of the simple automata approach for behaviour diffusion 
The automata networks models applied to innovation diffusion are very close to the original 
sociological threshold model. Therefore, they inherits its limits :  

• = the qualitative process of decision making (awareness, persuasion, trial, adoption, consolidation) is 
not captured by the model, 

• = the notions of information transmission and uncertainty are neglected : the agents only observe 
each other’s behaviour, there is no other communication about the innovation, 

• = the classic scheduling dynamics does not capture the two stage process diffusion process 
(involving the diffusion of the media to privileged people how then diffuse to the others). 

To summarise, cellular or graph automata yield interesting formal results of the network threshold 
model postulated by sociologists. However, they do not provide a deeper interpretation of the decision 
making process. In order to get examples of more elaborated cognitive models, one must consider 
more elaborated automata simulating “cognitive agents”. 

1.5 Agent based social simulations and innovation diffusion 

1.5.1 Agent based models 
Several definitions and classifications of agents are available (Carley and Newell 1994; Conte and 
Castelfranchi 1995; Ferber 1995; Muller 1996). These definitions often refer intuitive concepts such as 
autonomy, proactive attitude. The available classifications also mix mathematical or logical 
descriptions and their cognitive or social interpretations. This situation can be interpreted as a lack of 
maturity of the research field. 

We preferred to present the main conceptual components that can be found in agent based simulations, 
rather than trying to synthesise these definitions and classifications. The variations of these 
components give a flavour of the enormous variety that can be considered under the label of agent.  

In this description, the agent is an automaton with inputs, internal states, and outputs (the actions). The 
interpretation and the dynamics of these variables may refer to different cognitive or social paradigms.  

• = We differentiate between the agents and their environment, and we consider that the time is 
discrete (divided in time steps),  

• = At each time step an agent may get some inputs from the other agents of the system and from its 
environment. The inputs from other agents can simulate the use of a language and refer to 
different theory of language communication (e.g. speech acts (Austin 1962)).  

• = An agent may have internal variables, which characterise its internal state at each time step. The 
internal variables can be modified by current and past inputs. They are the main source of folk 
psychology interpretation. For instance, these variables may be interpreted as beliefs, desires, 
intentions… 

• = At each time step, an internal procedure may trigger an action chosen among a set of possible 
actions. This choice is made according to a choice of action function. There is a wide variety of 
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possibilities, from direct rules to elaborated optimisation, with the development of complex 
representations of the possible consequences of the actions in time. When the choice is directly 
made, without any anticipation of its consequences, the agent is often called reactive. On the other 
extreme, some agents may try to anticipate the reaction of other agents, by imagining their own 
internal states (game theory). In general, the agents follow the bounded rationality principles. 
Therefore, they do not have a complete knowledge about the possible consequences of their 
actions. This brings the questions of uncertainty management, and the trade-off between 
exploration (to act only to increase knowledge when the consequences are not well known) and 
exploitation (to choose the best action among those for which the consequences are well known). 
In this context, communication can be seen as a particular action. 

• = The environment may change at each time step, because of its own dynamics and / or because of 
the action of agents on it. 

As suggested by this brief description, the field of research is far from being united. This diversity 
reflects on a large extent the lack of unity of the social and cognitive sciences. However, one can 
expect that agent based models contribute to the debate of the social sciences by offering new fields of 
experiments for existing theories. 

1.5.2 Examples of agent based social models 
We did not find examples in the literature of models extending the threshold models of innovation 
diffusion to more “cognitive agents”. This question seems to be an open research problem. In this 
section, we give some examples of agent based models, which can be a source of inspiration for 
progressing in this research.  

(Epstein and Axtell 1996) investigates simple agent models that simulate the emergence of 
fundamental social dynamics like culture, conflict, trade. The environment consists of a matrix, where 
some areas (groups of cells) contain more food (sugar). The agents need sugar to keep alive and 
moving. The agents have a limited vision of their environment, and they are able to recognise the 
sugar. The simplest behaviour of these agents is : determine the spot with the most sugar in your 
vision zone, go there and eat the sugar. Every movement of the agent costs sugar, and the quantity of 
sugar an agent consumes determines its need or satisfaction. Moreover, the more sugar an agent 
consumes, the higher its ability to move. Starting with simple agents, Epstein and Axtell performed a 
large number of experiments, with various extensions of agent rules. The results of the simulations 
were interpreted and related to stylised facts of real social and historical evolutions. 

(Bousquet, Cambier et al. 1993) developed a model the society of fishermen in the central delta of 
Niger. The model focuses on the coupling of hydroecological dynamics (evolution of fish resources in 
rivers, channels and flooded areas) and dynamics of fishing. The fishermen have elaborated rules of 
actions, based on an anticipation of their catch according to the choice of action. The agents evaluate 
the results of actions on an individual basis (recording their past catches with the same type of action) 
and observing the catches of their neighbours. The risk perception is considered in the choice, 
distinguishing between pessimistic, optimistic or neutral agents. Bousquet et al. performed 
comparisons between these elaborated psychological models and simpler economic models.  

Grant and Thompson (1997) propose models which simulate the commons dilemma (Hardin 1968). 
They combine models of the resource (pasture, land), cows and farmers. Two agents, representing 
farmers, are confronted to the choice to add or withdraw a cow from the common resource. The 
optimising strategy uses information regarding the complete system, whereas the Tit-for-Tat strategy 
only examines the behaviour of the other agent at the previous time step. If both actors use a Tit-for-
Tat strategy, then a sustainable use of the resource is obtained because the agents succeed in co-
operating. If one agent has an individual optimising strategy, then the system collapses. This work can 
be related to Axelrod’s models about the prisoner’s dilemma (Axelrod 1980, 1984). The behaviour of 
agents is inspired by the game theory. 

Ernst (1998) developed agent models based on psychological theory to simulate the commons 
dilemma. The agents have ecological knowledge, social knowledge (about the others), action 
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knowledge, intentions and motives. The possible motives are : (1) to maximise individual gain, (2) to 
maximise overall resource outcome, (3) to minimise the differences between participants. The 
combination between motives and knowledge gives a variety of agents.  

These models of influences propose interesting principles and results. These principles are very similar 
to the network automata threshold models of innovation diffusion. The agents are considered as simple 
automata.  

In order to get ideas about other possibilities of agents, one can consider the work about the decision 
models. 

1.5.3 Decision under uncertainty 
The decision processes is the subject of an huge amount of researches. One can distinguish basically 
two types of approaches in these researches : prescriptive and descriptive. Sometimes, a third approach 
called “behavioural” is considered, which consists in studying the real behaviours of decision by 
relating them to the prescriptive ones (Beach 1997). The descriptive research tries to elaborate models 
which explain the observed behaviours, without reference to the prescriptive behaviour. 

It is out of the scope of this text to make a complete review of these researches. Let us notice that the 
prescriptive models have the great advantage to be in general well formalised : they are based on a 
maximisation reward principle. 

However, many experiments showed that people do not follow the same reasoning in practical 
situations. A review of well established differences between the prescriptive models and the real 
behaviour. Among these results, one seems of particular interest for modelling decision under 
uncertainty : people do not value the gain and the losses symmetrically. Avoiding losses seems more 
important than winning gains. Moreover, it appears that perception of gains and losses can be very 
much influenced by the context and the biases of presentation. 

One practical way is to consider formalisms inspired by the prescriptive theory, but taking into 
account some deviations observed in real behaviours. This allows to use practical formalisms, but not 
too artificial.  

1.5.4 Fundamental difficulties of agent based simulations 
We would like to underline several problems related to the practise of agent based models. These 
problems are in fact connected to the debates which take place in the cognitive sciences and associated 
philosophical schools. 

For instance, several thinkers and philosophers (P. Churchland) supported the idea that the folk 
psychology concepts are ill defined and that when a true theory of mind (based on a total 
understanding of the neural machinery for instance) would lead to the replacement of these concepts. 
According to this point of view, the introduction in the models of concepts like intentions, beliefs, 
desires would be a source of problems because it is not possible to define scientifically these notions. 

For researchers who believe that the folk psychology concepts make sense, because they are the basis 
of our day to day reasoning, an other difficulty arises : what allows them to interpret one variable in an 
automaton as an intention or a belief ? For instance, Searle claims that the definition of a really 
cognitive behaviour cannot avoid the problem of consciousness. In this case, we would need to be able 
to define what is consciousness, in order to be able implement realistic intentions and beliefs in our 
models. Or do we consider that consciousness is not really a problem, because it is simply a subjective 
impression which has no scientific reality ?  

Dennett’s “intentional stance” is often referred to in this debate : the researchers perfectly know that 
their agents have no real intentions or desires, but it is convenient to use these notions in order to 
interpret their behaviour. But this position also grounds the assumption that we have this intentional 
stance with other human beings, animals or phenomena, and that the intention is nothing else than 
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what is projected by this intentional state, for humans or non-humans. Therefore, it can indirectly 
justify a rather strong interpretation of the computer agents cognitive properties. 

These difficulties invites the researchers to be very explicit about the assumptions and theories behind 
their models.  

1.6 Conclusion 
The study of the scientific background allowed us to identify the open research questions which are 
connected to the problem of modelling the adoption / non adoption of agri-environmental measures. 

The main directions of research are now summarised. 

1.6.1 Opening the black box agent of classical innovation diffusion models 
The impressive work of the research community about innovation diffusion is a very interesting 
starting point for a model of gari-environmental measure adoption by farmers. Some results of the 
research, like the stages of evolution of the adoption in the qualitative studies, the difference of 
influence of the network structure effect on adoption according to the type of innovation are 
interesting references for us. Moreover, the sociological studies of farmer decision process confirm the 
importance of their socio-informational networks. This reinforces the interest of the network 
approaches of the innovation diffusion. 

However, the particular problem of AEM adoption requires to open the black box agent of the 
classical innovation diffusion models. The problem is here to design models of agents which address 
the following issues : 

• = how to include explicitly the uncertainty in the models (in the reasoning and in the interactions) ? 

• = how to define mathematically the stages of adoption that were found in the literature (either 
general literature about innovation diffusion or about AEM adoption), and especially the 
persuasion process ? 

• = how to model the difference between the individual interest logical reasoning, and the social 
normative control in the decision ? 

• = how to model the two stage process in which the institutions and media transmit preferentially to 
specific agents, which diffuse afterwards in their network ? 

1.6.2 Testing the models on concrete case studies 
The final aim of the model is a practical use, to test on study zones. The model must therefore be 
related to practical data on the ground.  

This implies to define a flexible model structure which can be adapted to the particularities of each 
study zone.  

The main issue here is to define it at a good level of details :  

• = if the model is too complicated, it will involve too many parameters, which would require 
unrealistic data collection to relate to empirical evidence, 

• = if the model is too simple and too abstract, it won’t be able to take into account the specific aspect 
of each study zone. 

This type of dilemma is usual in modelling, and particularly in social system modelling. 
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2 Material and Methods 

 

2.1 Collaborative, progressive definition of the model 
The collaboration between modellers and specialists of agri-environment was a key aspect of the 
project. In order to establish such a collaboration, we organised a very progressive elaboration of the 
model through several loops comprising : analysis of examples from the study zones, model proposal, 
model criticisms, evaluation of data needs. This work method required to organise frequent meetings 
and discussions among the team members.  

The model elaboration was incremental, with some major changes during the project. These changes 
are of course related to important changes in the view of the modelling problem, and the possible 
technical solutions. 

Such an incremental elaboration was partially planned from the beginning of the project : two periods 
of data collections were planned. The second data collection was supposed to correspond to a 
refinement of the model. In fact, several loops of model proposals and criticisms happened before and 
in parallel to each data collection. If the project could continue, there would certainly be new 
improvements.  

The main interest of this general approach is that it keeps the research open as much as possible. Its 
main drawback is that several trials and explorations had to be abandoned. The other important 
problem is that the evolutions in the model design can be fast and frequent, but the data collection to 
check these hypotheses and evolutions are very heavy, and thus cannot follow the same rhythm. It 
happened that the model evolved in a way that when the result of data collection arrived, other data 
would have been more relevant. 

It is out of the scope of this document to describe all the followed paths in details. However, It is 
important to underline the main steps of progress and the related specific questions of method. One 
can roughly identify three major phases in the work progress : 

• = During phase 1, we performed a first primary data collection (farmer and other actor interviews), 
and we explored in parallel several possible directions for the model. During this phase, it was not 
clear whether we would succeed in elaborating a single global modelling framework catching the 
diversity we observed on the ground. 

• = During phase 2, a convergence toward a single global model begun to take place, around a multi-
criteria representation of the decision. This conceptual framework opened new developments for 
the analysis of phase 1 farmer questionnaires. We also developed a first software prototype of the 
global model and tested its relevance on a selection of study zones. The phase 2 farmer 
questionnaire was designed to provide data grounding several key points of the model. 

• = During phase 3, we tested the prototype and identified its weaknesses and problems. This led to a 
new version in which several parts were modified. In particular, we tried to drastically decrease 
the number of parameters. Some important parts were also added (like the information 
transmission). We studied with more attention the properties of the general model, and we referred 
to these general properties in the analysis of the results on the zones of study.  

The organisation of this chapter follows these phases. We do not present the details of the models, 
because they constitute a result of the research (see chapter 4 and 5). However, their general principles 
are presented, as well as the method used for their design and study. 
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2.2 Phase 1 : Data collection and model exploration 
The first phase of the project is on one hand very data driven : all the teams went to visit farms and 
could discuss with institutional actors in each country involved in the project and we launched a heavy 
general data collection of farmer case studies. On the other hand, quite theoretical and abstract 
modelling approaches were explored in parallel like cellular automata or a variety of artificial 
intelligence techniques. Of course an important work had to be devoted to rely both ends afterwards. 

2.2.1 Data collection from the study zones 
The phase 1 primary data collection involved farmer and other actors interviews in a set of study zones 
belonging to the three member states involved in the project (France, UK and Italy). The goal of this 
first data collection was to provide a set of case studies (farmers and AEMs) which would be the basis 
for the modelling work. 

2.2.1.1 The study zones 
We chose the study zones with the aim to cover an important part of the potential variety in terms of : 

• = type of land use and farming systems (from very extensive to very intensive) 

• = type of measure (from “opérations locales” to standard regional menus) 

 

Breadalbane ESA

Costwolds Hills

Ariège

Auvergne Isère

Pavia

Comunita 
Collinare

Haute Vallée
Allier

Severn & Berkely Vales

 
Figure 2.1. : The study zones. Their locations are represented by red dots. 

The final selection of case studies comprises : 

• = In the UK : Bredalbane ESA (biodiversity protection, landscape and heritage management), 
Costwold Hills ESA, Severn & Berkey Vales CSS. 
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• = In France : Auvergne (conversion to organic farming), Val d’Allier (local measure about 
landscape management), Isère (Reduction of inputs), Ariège (landscape management) 

• = In Italy : Pavia (reduction of inputs), Friuli, Communita collinare (conversion to organic farming) 

Some of these zones of study involve less than one hundred farms, whereas others involve several 
thousands. The result chapter gives more details about them. 

2.2.1.2 Phase 1 farmer interviews 

2.2.1.2.1 Method for designing the questionnaires and sampling issues 
The purpose of the phase 1 interviews was to constitute a set of case studies showing the diversity of 
situations the farmers face when they make the decision of adopting or non adopting an AEM. We 
were in particular interested in getting examples of adoptions as well as non adoptions. 

The phase 1 farmer interviews comprised from 100 to 120 interviews by country. The issue of farmer 
sampling presents difficulties because the purpose of the interviews is to investigate the variety of 
reasoning associated with AEM adoption/ non-adoption. It is difficult to define a priori criteria that 
correspond to this variety, because it is one of the expected results of the study. The team finally chose 
an incremental semi-expertise based approach. The idea was to ask local experts about relevant 
farmers to interview, and also to choose random farms in order to correct the biases in terms of 
farming systems or structure revealed by the first part of selected farms. 

The main dimensions considered for the classification in this second part are : adopter / non-adopter, 
size, farm type, age, land use or land ownership. The segmentation between adopters and non-adopters 
is particularly important. 

2.2.1.2.2 Main parts of the questionnaire 
The questionnaire was divided into four sections : 

1. Basic information about the farmer and the farm, including questions about the decision making 
process and other actors within the farm, 

2. Information about the AEM and its application on the farm, their effect, and the associated 
specific decision making processes, 

3. Information about the general attitude toward conservation and the AEM, 

4. The attitude and responses towards possible new AEMs. 

Elements of the questionnaire are designed in a semi-structured manner, thus giving the opportunity 
for the farmer to express a complex opinion. In addition, notes are supplied with the questionnaire, to 
be used by the interviewee, in order to overcome any potential ambiguities within different country / 
policy contexts.  

The average duration of the interview was between 2 hours and 2,5 hours. 

2.2.1.2.3 Method for case studies presentation 
Dobremez et al. proposed to formalise the results of the questionnaire as a functioning diagram 
summarising the main features and problems of the farm (adapted from Capillon & Manichon 1991). 
The diagram involves two sets of boxes. The first set includes : family and general objectives, farm 
history, farm size and productions, technical and economical results, strategies. The second includes : 
the problems and improvements planned, the interest and limits of the AEMs, and the decision. 

This method was applied to most of French and Italian case studies.  

Moreover, a global analysis of the some results over the interviewed samples was conducted for each 
zone. In particular, a comparative analysis of how the farmers process the information about the 
measure was conducted. 
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2.2.1.3 Phase 1 institutional actor interviews 

2.2.1.3.1 Objectives  
The objective of the phase 1 institutional questionnaire was similar to the one of the phase farmer 
questionnaire: to collect general data that would be used to elaborate the model. It focused on the main 
stages of the AEM implementation process, the structure of the social networks and the influence of 
different actors in the diffusion process. Moreover, some generic information was also collected, for 
studying the dynamics of elaboration of the measure, as well as the possibilities for improvement and 
reactions to scenarios. 

To summarise, the interviews aimed at collecting information about :   

• = The political measure elaboration and implementation processes, 

• = The structure of the social networks,  

• = The suggested improvements, based on possible scenarios of evolutions. 

The aim is to have the largest view on each studied area and to collect different points of view and 
different sources of influence on the farmers. 

2.2.1.3.2 Method 
The team made a distinction between policy makers and policy implementers. We defined a common 
set of questions for both actors and specific ones for each type : there were more questions about the 
elaboration of the policy for policy makers, and more questions about the implementation for policy 
implementers. 

The interviews were semi-directive, with close and open questions. 

2.2.1.3.3 Sampling  

The sampling aims at covering the largest variety of points of view on the measure, its elaboration, 
implementation and possible improvements : political bodies, executive organisations, farm 
organisations, farmers' unions, ecologists, local communities, etc. 

It was particularly important to interview with policy makers as well as policy implementers.  

2.2.1.3.4 Structure of the questionnaire 

The questionnaire was divided into the following parts : 

• = Description of the studied AEM (objective, contents, monitoring and evaluation), 

• = Actors and history of the policy making, 

• = Actors and conditions of the implementation, with a specific view on the information delivering 
process, 

• = Social networks influencing all the process, 

• = Farmers' networks, 

• = Strengths and weaknesses of the scheme – consequences for adoption, ways to improve the 
adoption,  

• = Reactions on proposed scenarios (cross-compliance, agri-environmental schemes, rural 
development programs) 

2.2.1.3.5 Analysis of the results 

The results of the questionnaires were collated in tables and summaries to give a better access. They 
make available the information about the study zones and the measure, for its use in the model. 
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2.2.2 Exploration modelling approaches 
The team explored several modelling approaches in parallel. Two approaches focus on the AEMs 
diffusion in a population and the role played by farmers social networks. Two other approaches focus 
on the individual decision making process with more details. 

2.2.2.1 Classic threshold model of innovation diffusion by (G. Weisbuch and G. 
Boudgema) 

Weisbuch and Boudgema implemented the classic sociological model in which the behaviour depends 
on the sum of an intrinsic payoff and the proportion of neighbours who already adopted. It must be 
noticed that the usual hypothesis of innovation diffusion models is taken here that there is a systematic 
social trend towards imitation of the majority (the majority in the social network). 

They considered agents located on a two dimensional torus shape grid. Most of their simulations 
postulate a regular neighbourhood on the grid (eight neighbours). They made a systematic exploration 
of the model’s behaviour when the threshold (number of neighbour adopters necessary to adopt)  is 
constant or when it has a small probability to vary around an average value over the population, and 
when a given density of initial adopters is injected in the population. Their results show that, in this 
model, there is a tendency to either lead to a global adoption of the whole population, or there is 
almost no diffusion at all. They also show that the introduction of variations on the threshold favours 
the adoption. 

They also derived some theoretical results about the probability of diffusion in a population with a 
homogeneous threshold and for a given density of initial seeds. The principle is that the seeds must be 
in particular geometric positions to launch the diffusion. 

They proposed to improve the model by considering more realistic individual payoffs, evaluated from 
the available data bases (FADN in particular). 

2.2.2.2 Message sending about biases (E. Chattoe and N. Gilbert) 
Chattoe and Gilbert proposed a model in which the adoption process included more refined 
interactions between farmers. This model addresses several important issues : 

• = how to represent the different stages of the adoption process.  A variable called bias, which 
globally represents the feeling of the farmer about the AEM rules these stages. This variable 
evolves in time through the interactions between the farmers. Once it reaches a threshold, the 
farmer makes a personal calculation of the intrinsic adoption payoff, and adopts if it is positive. 

• = How to represent the interactions between farmers. The interactions are only about the biases, and 
the result of an interaction between two farmers tended systematically toward the average of the 
two initial biases, except for adopters who have fixed biases. These interactions correspond 
therefore to message passing, although at a very basic level of representation. A related problem is 
the scheduling of the messages. As Chattoe and Gilbert pointed out, this is not realistic to consider 
that farmers will indefinitely send messages to the others about their interest for the measure. They 
propose a mechanism in which the frequency of message sending decreases. 

• = How to represent the role of institutions or advisors in the process. The advisor was represented as 
a message sender with a particularly high bias. 

They explored the model from a very simplified version to more sophisticated ones, testing the 
influence of adding new elements on the global behaviour of the model. The aim was to compare the 
results to stylised facts of innovation diffusion literature. 

Moreover Chattoe and Gilbert proposed to use “decision plan nets” to represent the farmer’s 
reasoning. The decision plan nets are tree structures which represent a hierarchy of criteria to make a 
decision. 
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2.2.2.3 Knowledge based system approach (J.P. Bousset) 
J.P. Bousset proposed to use Artificial Intelligence methods to model the decision making process of 
farmers. In particular, he referred to the KADS methodology for developing knowledge based 
systems. This methodology proposes generic modules for problem solving, diagnosis, planning… 

He investigated the interest of generic methods of problem identification and problem solving, as 
models of farmer reasoning. For example, the typical sequence involves operations such as diagnosis, 
planning, evaluation of solutions. 

This knowledge based approach supposed to consider the agri-environment experts as experts of 
farmer decision making processes, and to base the elaboration of an expert system on this hypothesis. 

He also considered the possibility to use Case Based Reasoning techniques in order to generalise the 
results of the case studies. This technique supposes that the decision process of a given farmer can be 
defined as a function of the decision process of a set of farmer prototypes. Of course it implies to 
formalise this decision process first. 

2.2.2.4 Multi-criteria analysis (F. Mazzetto) 
F. Mazzetto proposed to use a multi-criteria model of the decision. The inspiration came from his 
involvement in the development of such models for the choice of machinery or agronomic decisions. 

The multi-criteria models are prescriptive models. It means that they are used in general to help people 
to make their decisions in a more rational and explicit way. The idea is to define a set of criteria which 
are important to evaluate the decision, and to evaluate the outcome of the decision for each criterion. 

This approach can be used to model the farmer’s decision. One must define the criteria on which the 
decision is made and the weights attributed to each criterion. The aggregation of the values for each 
criterion multiplied by the corresponding weight gives a global assessment of the decision.  

The Italian team proposed to divide the possible criteria into three groups : farm & economic, family, 
social and environment. A weight is associated to each group. According to the impact of a set of 
alternatives on the criteria of each group, it is possible to classify the interest of the alternatives. A 
sensitivity analysis on the weights allows to evaluate the stability of the choice. 

2.2.3 Difficulty of the synthesis and choice of the multi-criteria 
representation 

During the first year of the project, the paths of work appeared too strongly disconnected to envisage a 
synthesis in the form of a single model integrating the different levels. We proposed instead to develop 
a range of different models operating at different scales. The concept was to offer the potential users 
different views of the problem at different scales. 

The main difficulty of the synthesis was the gap between the standard innovation diffusion models, 
and the initial models of farmer reasoning based on the interview analysis. This gap was particularly 
important if the decision was represented as a knowledge based system. The different modules implied 
to analyse the decision with a lot of details about the diagnosis of the farmer’s situation, his way of 
planning his action and in particular the possible actions he can consider, the evaluation of the results 
of these actions, and so on. This level of details was very far from the very abstract representation of 
the innovation diffusion models. 

Moreover, this representation as a knowledge based system relied on the hypothesis that the 
participants of the project were experts in the farmer decision making process. But it was not exactly 
the case. The agri-environment specialists of the team are researchers in rural economy or sociology, 
they have a good knowledge of the agricultural practises and way of life. However, it was not clear 
whether it qualifies them to be experts in farmer decision making process.  

On the other hand, the models of innovation diffusion seemed very abstract and too simplistic to the 
agri-environmental specialists. They had the feeling that these models did not manage to capture the 
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richness and complexity they found on the ground. In particular, to neglect the direct interactions 
between the farmers (who only consider the adoption of their neighbours in the classic threshold 
model) seemed a very hard simplification. Moreover, the decision process in this model is sudden, 
without any step.  

A possibility of synthesis arose with the use of a multi-criteria representation of the decision. This 
approach could be interpreted as a simplification of the knowledge based models. The only considered 
action is the AEM adoption, and the anticipated result of the adoption is evaluated on a set of criteria. 
Each criterion has a weight in the decision. The decision depends on the aggregated value of the 
weighted criteria.  

This approach seemed adaptable to both the farmer questionnaire analysis and to the global models of 
innovation diffusion. For the farmer questionnaire analysis, this approach left open the possibility to 
define a large variety of nuances in the definition of the criteria, without the complicated structure of 
the knowledge based approach. For the innovation diffusion models, the model was also simple 
enough to be represented in large populations, and opened the possibility for a new way of  modelling 
the interactions : modelling the messages about the evaluation related to the set of criteria. 

The choice of a multi-criteria framework to represent the decision is thus the key for the synthesis. It 
led to the second phase of the project, in which a convergence on the elaboration and test of a single 
global approach took place. 

2.3 Phase 2 : convergence toward a single global model 
The phase 2 is characterised by the common effort from the agri-environmental specialists and from 
the modellers to express the decision process into a multi-criteria approach. Moreover, the teams of 
modellers collaborated for the implementation of a first software prototype on which the first tests of 
the global approach could be performed. In this section, we firstly present the global model and how it 
relates to the zones of study, and then we present the data collection work related to this model. 

2.3.1 Multi-criteria decision representation in an innovation diffusion 
model 

We describe the main features of the global innovation model after the choice of representing the 
decision of the agents in a multi-criteria framework. These main features are compared to the classic 
innovation diffusion simulation models. 

2.3.1.1 Modelling message exchanges about the impacts on the criteria 
In the classical innovation diffusion simulation models, as underlined in the scientific background, the 
interactions between individuals are not considered explicitly in the model. However, it appears that 
these interactions are in many cases crucial in the decision process. In particular, in one of our study 
zones (Isère), the decision involves the whole group of farmers having their lands in a water catchment 
perimeter. In this case the usual innovation diffusion framework is not relevant because the global 
decision is made whereas nobody adopted yet. 

Therefore, to go one step further in modelling the decision process, one must include some 
representation of the interactions among farmers (the first step in this direction was proposed in 
Chattoe and Gilbert 1998). 

The multi-criteria framework offered a way to model the messages in a practical and realistic way : the 
messages could be modelled as impacts of adoption on the set of criteria, or about the weights 
associated to these criteria. We rapidly chose to limit the messages to the impacts, making the 
assumption that evolution of the weights are negligible during the time of a simulation. 

The main hypothesis is that we consider that when two farmers discuss about the measure, they 
express all their feelings. This is a hypothesis of sincerity and openness (farmers do not lie or hide 
information to each other). We can also justify this choice by considering that the other behaviours are 
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negligible. Moreover, it implies that farmers express all their feelings about the measure at each 
considered interaction (and not a part of them). An equivalent view is to consider that one interaction 
in the model corresponds to several more partial discussions which finally are together equivalent to 
one global discussion about both criteria and the available information (this can be ruled with the 
proportion of usual discussions which are devoted to the AEM). 

The choice to represent the message exchanges implies to model : 

• = the dynamics of message sending (i.e. when does a farmer decide to send a message to a 
neighbour). In this first version of the global model, we affected probabilities to send messages 
according to the value of the interest stage of the farmer (see below). 

• = The influence of a message on the receiver’s state. Several versions were tested, from simple 
averaging dynamics (similar to the dynamics on the bias proposed by Chattoe and Gilbert), to 
more elaborated ones, involving a representation of the uncertainty. The averaging dynamics 
converge toward one single value shared by the whole population. The introduction of uncertainty 
in the impact offered new potentialities to define other dynamics converging toward several 
different groups of values. The methodological problems connected to the choice of these 
dynamics are discussed in phase 3. 

2.3.1.2 Definition of interest phases and connected actions 
The multi-criteria representation offers the possibility to define interest stages by comparing the 
aggregated value of the multi-criteria model to threshold parameters. The first versions of the model 
involved four interest stages : not interested, discussing the measure with his friends, ready to launch 
the institutional procedure, ready to adopt. Three parameters were necessary to define these interest 
stages. In the later versions, the definition of the interest stages involved the uncertainties. The 
definition of interest stages is an important difference with the classic innovation diffusion model in 
which the decision happens only in one single step. 

The interest stages we defined do not fit exactly the stages of the innovation diffusion literature. The 
reason is that we focus on the persuasion phase, and that we make distinctions within this phase. 
Moreover, the main rationale of these distinctions is to rule the actions of the farmers. 

The possible actions are : send a message to a colleague, go to an information meeting, request the 
visit of a technician, adopt the measure. The interest stage of the farmer rules the actions he tends to 
perform, which then modify the messages he receives and thus the whole trajectory of his decision 
process.  

In the classic innovation diffusion models, the individuals are passive : they only consider the number 
of neighbouring adopters and the media exposure. The introduction of interest stages modifying their 
behaviour gives a more complex, but more realistic representation. 

2.3.1.3 Distinction between “computable” and “social” criteria 
The model simulates the visit of a technician who makes an evaluation of the interest of the adoption. 
We considered that this evaluation is limited to the impacts which are related to the technico-economic 
aspects, and that this visit does not influence the farmer about the quality of the landscape or water, or 
his social recognition. 

This modelling choice is justified by the following arguments : 

• = the impacts on the quality of the landscape or the water depend more on a collective effort of a 
group of farmers rather than on a single one. The evaluation of the impact of a single farm is 
therefore limited. 

• = The farmers have often their own way to assess the quality of the landscape or whether they are 
good nature conservationists. Therefore, their reasoning is not the same as the one of environment 
specialists. 
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• = The social payoff associated to the adoption depends on the attitude of the surrounding group, and 
of the links the farmer has with this group. 

This implied to simulate the calculation by the technician of the technico-economic impacts of the 
measure, taking as inputs the characteristics of the farm, and the specifications of the AEM. 

It must be noticed that this distinction is very similar to the one made in the classic innovation 
diffusion models between the personal and social payoffs. Moreover, it relates to the distinction made 
in the literature about the socio-informational networks of farmers between the information and the 
influence (see scientific background). 

2.3.1.4 Role of the institutions 
The model focuses on the implementing institutions. The institutional dynamics during the elaboration 
of the model is not considered. The actions of an institution are : organise an information meeting, 
propose visits by a technician. During the meetings, the institution sends messages to the farmers 
which are related to the impacts of the measure. 

We decided not to try to model the internal dynamics of the institutions. It means that the scenario of 
actions of the institution is therefore considered as an input of the model. Different strategies of 
implementation can be considered in order to compare their effects.  

2.3.1.5 Social networks 
In the model, each farmer has a set of associate farmers to whom he talks regularly, with a given 
frequency. We suppose that the social network and the frequency of interactions remain constant (like 
in the classic model). Each farmer has also a set of institutions (unions, extension organisations..) with 
which he has regular contacts. The set of connected organisations remains constant, but the frequency 
of contacts may be modified in the scenario of the institution. 

In the first model (without the results of the second phase interviews), we supposed that the 
probability of regular link was a decreasing function of a social distance. This social distance involved 
the geographic distance, the dissimilarity of farming systems, the difference of ages. This hypothesis is 
also done in (Nowak and Vallacher 1998). The model required to define the values of the weights of 
each variable in the global social distance. The values of these weights had to be found empirically. 

2.3.2 Data analysis and collection for the model 
The elaboration of this global model seemed compatible with the richness and the complexity of the 
case studies collected in phase 1. However, for more systematic use of these data, it was necessary to 
organise it in the multi-criteria framework. The analysis of the lacks of data led to the second phase 
farmer questionnaire. 

2.3.2.1 Analysis of the phase 1 questionnaire in a multi-criteria approach 
The phase 1 questionnaire was not elaborated to be analysed in a multi-criteria framework. Such an 
analysis presented thus some difficulties. In particular, the definition of the important criteria and their 
corresponding weights was a problem because the questionnaire did not explicitly address these 
questions. The agri-environment specialists elaborated a method for the evaluation of these weights 
(Dobremez et al 1999). The weights are interpreted as the “motivations” which are easier to relate to 
the farmer’s behaviour of attitude. The method involves the following steps : 

• = Definition of the motivation list. This definition led to a lot of discussions among the different 
teams of agri-environment specialists. Initially 18 motivations were considered, and finally a set of 
9 to 12 were selected by the different teams according to the specifics of the study zones. The 
motivations are dispatched into three bread categories : farm and economic, social and 
environment. Table 1 shows the set of motivations selected for the UK case studies. 

• = Selection of questions in the questionnaire which can be related to these motivations. 
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• = Definition of expert rules attributing a weight (positive or negative) to the different answers 
according to whether the answer clearly indicates a strong agreement / disagreement with the 
motivation.  

• = The weights attributed to each question are summed. This gives a global score which is interpreted 
as the intensity of the farmer’s motivation. 

• = A grouping can be done by automatic classification algorithm, taking into account of the final 
score, but also of the pattern of weights to the different questions. 

Farm & economic Social Environmental 

Increase level of income 

Increase security of income 

Increase technical mastery 

Increase flexibility of the 
farming system 

Reducing workload 

Preserve independence of 
decision making 

Get external assessment 

Increase/maintain family 
patrimony 

Keep producer identity 

Preserve nature 

Maintain / improve landscape 
quality 

Table 1 : set of motivations used in the UK case studies 

The output of the procedure is a value attributed for each interviewed farmer and each motivation. 
Different variants for the selection of the questions and the attribution of their weights were proposed 
in the team (see Skerratt 2000). 

2.3.2.2 Limits of the phase 1 questionnaire 
To complete the multi-criteria model, we needed the evaluation the farmer made of the AEM adoption 
related to each criterion. In particular, it was important to get the evolution of the these values in time, 
and the role that the discussions with other farmers and institutions played in this evolution. 

Unfortunately, the first questionnaire did not provide enough information about this. We only had 
questions about the impact of the AEM adoption for adopters.  

The other important lack of the phase 1 questionnaire was the limits of the information about the 
social networks and the frequency of interactions among farmers. 

The phase 2 farmer interviews aimed at dealing with these weaknesses. 

2.3.2.3 Phase 2 farmer interviews 
The choice of the multi-criteria representation of the decision gave a framework to the phase 2 farmer 
questionnaire. In particular, the evaluation of the outcome of the decision on each criterion, and how it 
evolved in time was important for the model. 

2.3.2.3.1 Method for designing the questionnaires 
However, there were many possible subjects to include into the questionnaire. The main ones were : 

• = to try to check the method of motivation evaluation, 

• = to get more information about the social networks, 

• = to get more information about the evolution of farmer’s expectations and how these expectations 
were influenced by colleagues or institutions. 

It was not clear whether it would be possible to treat all the subjects in a single interview. 

Pilot questionnaires were tested on different subjects in the UK, and it finally appeared that it was 
possible to design a merged questionnaire including the three subjects. The farmers to interview were 
to select among the ones interviewed in phase 1. 
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In France and the UK, it was decided that this second phase interviews would focus on only two study 
zones, in order to get a reasonable number of them for each zone. Moreover, for political reasons, it 
appeared too difficult to perform face to face interviews in Isère. Therefore, in this study zone, the 
questionnaire was sent by post. 

2.3.2.3.2 Main parts of the questionnaire 

The final (merged) questionnaire includes three parts : 

• = The first part was about his motivations, in order to compare the own evaluation of the farmer to 
the expert evaluation made from phase 1 questionnaire. 

• = Then series of questions were devoted to his social network (farmer colleagues, other links, links 
with institutions). The type of discussion subjects and the frequency of interactions were also 
addressed. 

• = The final part of the questionnaire was devoted to the anticipation of the effect of adoption 
relatively to the different motivations (level of income, security of income …). The farmers had to 
answer these questions for different moments : the first time they heard about the AEM, just 
before the decision, after the decision, and about future measures. 

2.3.2.3.3 Method for the analysis of the results 
The analysis of the results differed according to the parts of the questionnaires : 

• = the motivation part was compared to the evaluation of the motivations performed from the first 
questionnaire. This implied some transformation of the motivation scales. 

• = In the answers about social networks, we tried to determine the functions of probability of links 
between farmers according to different variables (geographic distance, age, farming system…). 

• = The interviewed provided a set of decision process case studies to compare with the model. 

In England, several institutional actors were also interviewed again in order to get more information 
about lacking data.  

2.3.3 Development of a prototype and test on several study zones 
A software prototype of the model was developed by Cemagref. The first aim of this prototype was to 
test its applicability on two zones of study : the conversion to organic farming in Allier and 
Breadalbane ESA. All the parts of the model were implemented : generation of the farm population, 
generation of the social networks, definition of an institutional scenario, initialisation of the 
motivations and impacts. It involved also the geographic representation of the study zone with the 
stage of interest of the farmers and the links representing their social networks.  

The software was tested intensively by the modellers and by some of the agri-environment specialists, 
it was also presented to several ground actors and potential users. 

In this section, we describe the specific problems encountered for linking the conceptual model to the 
concrete data of the study zones, and then some conclusions of the tests we performed. 

2.3.3.1 Economic impact calculation 
The economic impact calculation must take into account of the available data about farms. The main 
source of economic data about farms is the FADN4. M. Lazzari proposed to use these data in order to 
evaluate of the economic impact of adoption. It was initially applied to the reduction of inputs in Pavia 
region. The idea is to identify the main productions and main types of farms of the region, and to 
elaborate the models of impact for these cases. 

                                                      
4 Farm Accountancy Data Network 
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The economic impact calculation implies also the knowledge of various data such as : 

• = prices data for the productions 

• = costs of the inputs (fertilisers, pesticides, seeds) 

• = grants 

• = yields for according to the techniques  

These data were obtained from the interview with consultants working in the region, and involved in 
the implementation of the AEMs. A first very detailed model for input reduction and cereal farms was 
developed by the Italian team. 

2.3.3.2 Generating a statistically representative population of farms in a region 
The application of the agent based model on a study zone implies to get a population of farms which 
has statistically representative technico-economic characteristics (size, type and levels of productions). 
The problem is that the available data are either aggregated (census data), or limited sets of prototypes 
(FADN). The team had to develop a method for generating a population of individual farms form 
these data. 

Moreover, the geographic density of the different types of farms is also important if the geographic 
characteristics give some constraints on the farming systems, and it has an influence on the probability 
of interactions between the farmers. 

We first developed a probabilistic method in which a farm prototype was given some probabilities to 
be located in a subregion (commune for instance) according to a comparison between the aggregated 
characteristics of the farms of the commune and the farms characteristics. This method was replaced in 
the final model by a more accurate one which is described in details in the results chapter. 

2.3.3.3 Statistical link between motivations values and farm indicators 
In order to be able to enlarge the results obtained on the interviewed farmers to larger populations, it 
was necessary to evaluate the links between the motivations and other more accessible indicators, like 
the size of the farm, the age of the farmer, the type of farming system… 

The evaluation of such links was performed by two statistical methods : 

• = Step wise linear regressions. This technique progressively selects the most explanatory variables 
in the linear regression until the addition of a new variable does not add enough information; The 
stopping criterion is based on the information theory. 

• = Decision trees. To run the decision trees, we classified all the motivations into 3 modalities. Then, 
we developed the decision trees and selected the structure by a pruning based on cross validation. 

We expected that the statistical links would be weak because the motivations can be related to a 
variety of aspects that are not related to the farm itself : political opinions, personal history and family, 
personality… 

Therefore, we decided to compare the statistical links to an expert approach of these potential 
correlation. S. Skerratt provided a set of likely links between the characteristics of the farms and the 
likely motivations. Each proposed link is justified by a set of arguments. The agreement between both 
approaches would reinforce the links found. On the contrary, the contradiction would lead to question 
the considered link. 

2.3.3.4 Test of the prototype and criticisms 
The software was mainly tested internally, but we also presented it to a set of institutional actors and 
potential users. 

In Auvergne, the technician in charge of organic farming in “Chambre d’Agriculture de l’Allier” was 
involved in a cycle of presentations and improvements of the model. 
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In Isère, the team interviewed again with some actors in order to get more precise information about 
the different steps of implementation in the different villages concerned by the measure. 

In Scotland, we invited the technician who implemented Breadalbane ESA to present the model and 
discuss with him the directions of improvement. 

The tests of the models revealed several directions of improvement : 

• = the model had too many parameters. In particular, the definition of three thresholds and eight 
parameters for ruling the frequency of message sending was very difficult to explore 
systematically. Moreover, the agri-environment specialists did not manage easily to interpret these 
parameters. The same criticism applied to the definition of the social networks : the parameters 
ruling the weight of each variable (farming system, geographic distance, age) in the distance was 
difficult to determine. 

• = It is important to take it into account the uncertainty of included in impact calculations  

• = The specification of the values of the institutional messages was difficult. 

• = The model neglected one very important aspect of the interactions and of the decision process : for 
the computable impacts, when the farmer is interested by the measure and has the information, he 
makes himself some evaluation of the technico-economic impacts of adoption. 

• = The tests confirmed the need for general interface improvements. 

The improvements of the model after the tests led to several modifications of the model and the 
software.  

2.4 Phase 3 : Improvement of the synthetic model and study of its 
properties 

2.4.1 Final choices for the model 
The improvements made to the model come from the criticisms against the phase 2 prototype. We 
tried to simplify the model, especially to decrease its number of parameters. But we also added an 
important part which was missing in the first prototype : the information transmission and personal 
evaluation by the farmer. Moreover, to simplify the exploration of the general model, we came back to 
a set of two criteria found in the classic innovation diffusion model (personal and social impacts). 
Here, we focus on the general version of the model, which aims at representing different types of 
AEM diffusions, in different farming contexts and with different implementation strategies.  

2.4.1.1 Limitation to the personal and social criteria 
For the exploration of the model, even on the zones of studies, it appeared more convenient, and also 
scientifically more robust to begin with the two criteria of the classic innovation diffusion : the 
personal and social payoffs expected from the adoption. 

The reasons are the following : 

• = for each criterion, we have to postulate the distribution of initial values of the expectation on this 
criterion in the population. If we consider the uncertainty distribution, this leads to four parameters 
for each criterion. The first tests on the prototype model showed that the choice of these 
parameters was not easy. 

• = For each criterion, we have to define the distribution of the motivations in the population. The 
results of the research for statistical links between the motivations and the technico-economic 
features of the farms were not reliable enough to define such distributions with a good confidence. 
Moreover, the method used to evaluate the motivations did not evaluate their respective strength in 
a decision, which was necessary for the model. 
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It seemed anyway reasonable to begin the exploration of the model with the simplest case, which 
involves only these two criteria. 

2.4.1.2 Simplification of the social network definition 
The criticism of the prototype and the analysis of the phase 2 questionnaire data led to a simplification 
of the social network definition. The principle of the new model is to separate the social network into 
three types of links : 

• = neighbourhood links, which are defined by an average number and a maximum geographic 
distance, 

• = the professional links which are defined by an average number and connect farms belonging to the 
same subregion and similar farm types 

• = random links which can be at any distance are defined by an average number. 

The parameters of this model were easier to evaluate from the data of the phase 2 questionnaires. 

2.4.1.3 Representation of the uncertainties : lower and upper expectations 
The theory of upper and lower expectations has been developed in statistics and (Walley 1998). It can 
be used for real valued uncertain reward X about which people make “gambles”. The lower prevision 
of a gamble is a value which is interpreted as the highest buying price for the considered quantity. It 
means that it is acceptable to pay any price smaller than it for the uncertain reward. An upper 
anticipation is interpreted as the lowest selling price for the quantity. This approach has application in 
any field of risky investments. The difference between the upper and the lower anticipations can be 
interpreted as the uncertainty about the outcome of the decision. The closer are the lower and upper 
anticipations, the lower the uncertainty is. This theory is therefore built on the usual difference of 
evaluation of gains and losses for uncertain values. 

This approach also introduces an asymmetry between the losses and gains, which has been very 
commonly observed in human decision making. 

This approach is considered in the model for the social expectation as well as for the individual one. 

2.4.1.4 Dynamics of social influence 
The dynamics of influence relies on several other hypotheses :  

• = People are influenced by those who have an opinion which is not too different from theirs. 
Practically, we consider the segments of uncertainties defined by the lower and upper anticipations 
for each agents. If the segment of the talking agent has less than a threshold proportion in common 
with the receiving agent, it has no influence. Moreover, the influence is proportional to the 
proportion of the segment which is common (when it superior to the threshold). 

• = People who are more certain influence more than people who are less certain. Practically we also 
use the comparison of the segments of uncertainties to define a mathematical rule translating this 
hypothesis. 

• = The influence, when it happens, tends to attract the listener to the view of the talker (there are no 
repulsive influence). 

The last hypothesis is that when people have high uncertainties, they are more easy to influence than 
when they have low uncertainties. 

2.4.1.5 Simplification of the definition of interest stages and corresponding actions 
In the final model, we defined only three interest stages : not interested, uncertain and interested. They 
are defined by comparing the aggregated lower and upper expectations to a threshold. Only one 
threshold is used to define the three stages (which limits the number of parameters). 
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The definition of the actions is similar to the one of the prototype, except that the farmer must be 
interested to be involved in the institutional procedure (in the prototype a specific interest stage was 
defined), and he must remain interested for a given number of periods and have completed the 
administrative procedure to actually adopt. 

2.4.1.6 Information transmission and individual benefit evaluation 
We suppose that institutions and farmers transmit information about the measure (specifications, 
corresponding costs, techniques…). This is simplified drastically in the model by considering that the 
farmer has a variable information which is either true or false. It is true when he has enough 
information to perform the logical calculations, and false otherwise.  

When the farmer is uncertain or interested, if he has the relevant information, he performs an 
evaluation of his individual lower and upper expectations. These evaluations in the model take as input 
the farm descriptors (size, farming system, different productions…), the specification of the measure, 
and some lower and upper expectations on different values (for instance yield decrease due to input 
reduction, prices in the case of organic products, increase of workload in work intensive measures). It 
gives as output the lower and upper evaluations for the corresponding criteria. In general, the 
elaboration of this model is difficult, and led to different development which are presented with more 
details in chapter 5. 

We distinguish between the evaluation that farmers can do by themselves, using the information they 
have about the measure, and the evaluation they would do with the help of a specialised technician. 
We consider that the technician would bring more information and reduce some uncertainty. 

2.4.1.7 Propagation of discussions 
The definition of these dynamics (when do farmers talk about the measure ?) was one of the main 
problems of the prototype : this first version required to specify a too large number of parameters. This 
was improved in the final model by the definition of a new model of discussion dynamics which 
requires only one parameter. 

The principle of this model is that the farmers talk to their neighbours about the AEMs only when 
something related to the AEM happened to them (they received a visit from an institution for 
example), or when a farmer colleague talked to them about the AEM. 

The propagation of the discussions decreases with time because the tendency to talk becomes lower 
and lower when the number of intermediates increases between the receiver and the original event 
which triggered the discussions. 

This model is in better accordance with the collected data underlying a peak of discussions after the 
information meetings. Moreover, it is in better accordance with the “two steps” sociological model, 
which postulates that some individuals are more in contact with the media, and then broadcast 
information and opinion to the rest of the network. 

2.4.1.8 Institutional actors 
The institutions have two types of dynamics. One is constituted by the regular contacts with the 
farmers. It is supposed that the institution sends its message at this occasion, for each contact. The 
other is defined by a scenario of actions, which is a list of  couples date / action. The actions can be of 
different types : 

• = change of message : the lower and upper expectations about the criteria change 

• = sending punctually the message to a group of farmers (typically in a meeting). This action takes 
several attributes. First we specify to which group of farmers the message is targeted (it can be the 
whole population, the network of the institution, or other specified networks). Then we specify the 
probability that this message reaches farmers who are not interested, uncertain or interested, 
visited or who adopted. 
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• = Beginning the visits (only if the institution has technicians): this triggers the possibility for farmers 
to subscribe to the institution for the reception of a visit. The visits are then progressively 
performed, according to the number of farms per day the institution can visit. 

For instance, a frequent scenario of action for measure implementation is an institution which makes 
some publicity (in the newspapers for instance), then organises information meetings, and then 
proceeds to visits to farmers on their request. 

2.4.2 Exploration of the general model behaviour 

2.4.2.1 The decreasing abstraction approach 
The exploration of the model is inspired by the decreasing abstraction principle (Lindenberg 1992). 
We begin by exploring the different parts of the model (social network, information diffusion, social 
influence) isolated from the rest and observe their properties. One can expect that the intrinsic 
properties will appear more clearly if they are observed in isolation. When it is possible, we even 
simplify the dynamics to get some theoretical results which can gives us some information about the 
more complex case. When it is not possible, a systematic exploration of the parameters and the 
observation of the corresponding behaviour of the model were observed. 

Then we perform simulations on the global model coupling the different parts. This observation can be 
connected to the behaviour of the isolated parts of the model for a better understanding.  

The parameters and some of the hypotheses of the abstract model are difficult to relate to the collected 
data. A possibility to justify their choice is to compare the behaviour of the model to stylised facts. 
This approach is common for abstract models, which do not aim at being applied to real case studies. 
The particularity of our approach is that we try to confront the model to stylised facts of the literature, 
but also to real case studies. 

2.4.2.2 Exploration of the model of social networks 
The final model of social networks, distinguishing between three types of links (neighbours, 
professional and random) must be qualified in terms of the social networks theory.  

The idea is to detect how some usual indicators or measures vary when the parameters of the model 
vary. Obviously, the spatial distribution of the farms can have an important influence on the 
distribution of links, because of the algorithm of neighbourhood links attribution. Therefore, we 
defined a parameter which indicates whether the farms tend to form spatial aggregates or to be 
uniformly distributed. 

2.4.2.3 Exploration of the model of information diffusion 
Our model of information diffusion, aiming at better reproducing the “two-steps” sociological model, 
is new and its properties must be studied. To simplify the problem, we consider that only a diffusion of 
information happens in the network, without any condition of interest stage for the agents.  

In this case, we study the probability for an agent to get the information from one or several sources. 
The algorithm is simple enough to allow a theoretical computation of this probability. This allows us 
to approximate the minimum set of targets of the institution which propagates the information to 
almost the whole network (for a given value of γ, the parameter of the propagation algorithm). 

The size of this optimal set is also a good measure for characterising the network, and we studied it 
when the social network varies. 

2.4.2.4 Exploration of the model of social influence 
The model of social influence is also new, and its properties must also be studied by themselves, in the 
case of random interactions (classic case for in the literature of innovation diffusion simulation). The 
dynamics are more complex than the information propagation, and we managed to get a mathematical 
characterisation of them only in a very simplified case (same uncertainty for all agents). 
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An important problem for this model is the initialisation of the values of upper and lower expectations 
for the whole population. To limit the set of possible distributions, we explored the effect of imposing 
the following constraint on it : the agents which have very positive or very negatives expectations 
must have lower uncertainties. This expresses the fact that the extremes are in general more convinced 
and more sure of their opinion that the moderates.  

The exploration of the model’s behaviour with such an initialisation is compared to a stylised fact : the 
observation of a frequent bipolar stability of the opinion about sensitive subjects (pros and cons). It 
seems the moderate opinion is not very stable in a sensitive debate, especially if there are a lot of 
discussions : people have soon to choose their side. The debate about the environment in rural areas 
seems to follow this rule in many cases. 

We performed a systematic exploration of the parameter space in order to identify the values which 
lead to such configurations. The effect of the network type is also studied. 

2.4.2.5 Exploration of the global model on prototypical cases 
Having a better knowledge of the model’s components properties, we can explore the its global 
behaviour, when we couple these components : the information diffusion is now conditioned by the 
interest stages (not the discussion diffusion), and we define an a priori distribution of social opinion 
with the constraints previously described. The discussions propagate from one institution which sends 
information messages to a part of the population. Once agents have the information and are uncertain 
or interested, the compute their personal impact. 

However, to simplify the problem, we consider the personal impact as an a priori distribution, with a 
constant uncertainty (the values are drawn according to this distribution when the farmers do their 
calculations). This distribution is thus defined only by the averages between the lower and upper 
expectations which is supposed normal. The a priori definition of the personal impact and of the social 
impact allows us to define prototypical cases of innovations : risky and non-socially acceptable, risky 
and socially acceptable, non-risky and non-socially acceptable, non risky and socially acceptable. 

2.4.3 Application of the model to the case studies 

2.4.3.1 Generation of the population 
The final version of the model took into account the criticisms made about the population generation 
method used in the prototype (lack of accuracy, important deviations to the aggregated statistics). We 
derived a new method which performs a quadratic minimisation of the error between the aggregated 
values obtained from the generated population and the target aggregated values. 

This method allows one to solve the problem of duplicating adequately farm prototypes in order to fit 
a set of aggregated values. The method, which is a result of the project, is presented in details in 
chapter 5. 

2.4.3.2 Elimination of the motivations 
In the prototype, we noticed that the initialisation of motivations (weights) and expected values of the 
criteria were difficult and involved a lot of parameters. 

We decided to simplify this situation and to consider directly the product of the motivation and the 
expected impact. This allows us to treat and initialise only one variable. It is considered that the 
interactions between the farmers are ruled by this product instead of the expected impact only.  

For the initial social distribution, we considered the link between the initial opinions and the initial 
uncertainties which tends to lead to bipolar attractors. This type of evolution seems to correspond 
more to the situation on the ground. It means that we need four parameters to initialise this 
distribution. However, these parameters have qualitative interpretations, and some indications can be 
taken from the case studies for their definition. 
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In general the initial personal impact was not initialised, the first value was the one communicated 
from an institution or another farmer. 

This strategy is clearly much less ambitious than the one we expected to implement in the prototype : 
to use the statistical link between the motivations and farm technico-economic characteristics. 
However, we had to face the fact that this strategy was not robust enough to give reliable results. 

2.4.3.3 Protocol of simulations 
The protocol of simulations is the method for designing the simulations and deriving some conclusions 
from them. 

2.4.3.3.1 Objectives 
The application of the model to the zones of study is performed with the following aims : 

• = identify the to which type of innovation the AEM belongs (among the categories defined by the 
general model), 

• = qualify the role of the interactions between the farmers during the diffusion process compared to 
the role of the implementing institution, 

• = evaluate the future of similar measures for this population. 

2.4.3.3.2 Monitoring the adoption curves and meeting participation 

The method consist of making several  hypothesis values for : 

• = the social network, 

• = the initialisation of the social criterion, 

• = the institutional scenario, 

Basically, for each 3 hypothesis are made according to the knowledge about the region and the 
measure (two extremes in opposite directions and one medium). Then we search the best values for the 
parameters ruling the dynamics of the model (3 main parameters for information transmission, 
discussion propagation and social influence), best meaning fitting the curve of adoption and the 
meeting participation. 

The data used to evaluate the model are : 

• = the participation to the information meetings 

• = the level of adoption in time 

Unfortunately, this method could only be applied partially on the study zones. 

2.4.4 Software implementation 
We totally re-implemented the software after the test of the prototype. Seven versions were developed 
and correspond to progressive improvements of the model which could not be mentioned in this 
document. 

2.4.4.1 Objectives 
The current version of the software has the following objectives : 

• = provide a intensive simulation tool for the modellers of the project,  

• = allow the agri-environmental experts to explore the model and easily test different values of the 
parameters. 
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This design of the software must take into account the frequent evolutions of the model during the 
project. 

Moreover, a public version of the software was designed for the use of the commission and to open it 
to the community of research (for result checking and discussions). The public software is publicly 
available from the project web site.  

2.4.4.2 Method of implementation 
We chose an object oriented implementation, in JAVA language. The object oriented programming 
offers many advantages for the management of frequently evolving programs. 

The principle of the implementation follows the decreasing abstraction approach, which is very natural 
in object oriented programming approach.  

The hierarchy of classes is given by the following schema. It is based on three hierarchy of objects : 
corresponding to the class StudyZone, to the class Farmer,  and the class Institution. 

A study zone is related to a particular measure, and the personal impact calculation is a method of 
StudyZone. 

We developed particular tools for the systematic exploration of the model, related to selected 
parameters. This tool yields sets of result files on various aspects of the measure (evolution of the 
number of farmers in the different interest phases, evolution of the opinions, evolution of the 
aggregated opinion). 

2.4.4.3 Interface 
One major principle of the software design is to allow all the parameters to be modified by the user. 
This is done through a set of panel parameters corresponding to the different parts of the model : 

• = information and social influence propagation, 

• = social networks, 

• = institutions and institutional scenarios, 

• = impact calculation and parameters of the measure. 

The interface for loading the institutional scenarios is more complex than the other panels. The list of 
institutions appears, and for each institution the list of events of the scenario. 

There interface offers also a different possibilities for monitoring the diffusion process for one 
simulation: 

• = a geographic map in which farmers appear, the social network can also be visualised as well as the 
interest state of each farmer, 

• = several curves of aggregated evolutions (interest states, visits, adoptions, lower and upper 
opinions), if some actual adoption data are available, their are represented on the same figure as 
the simulated adoptions. 

• = The possibility to relate the available farmer characteristics (size of farm, type of farming 
system…) to the opinions and adoptions. This tool provides the possibility of more in depth 
analysis of the results than only aggregated data on the whole population. 

Moreover, we developed a tool for doing repeated simulations, in order to evaluate the variability due 
to random aspects of the model, as well as the effect of changing the values of some parameters. This 
tool includes the possibility to test changes in the institutional scenario, and to perform sensitivity 
analysis. 

The public software is similar to the development one, except that the small study zones in which there 
were some risks about the privacy of the farmers are not available. 



Images Project – Final Report – Version 2  

 

38 



Images Project – Final Report – Version 2  

 

39 

3 Data collection results 

 

This chapter presents the study zones and the measures studied in the project, as well as the results of 
the data collections. In the first section, we describe the studied measures and their implementation on 
the basis on the results of the institutional actors interviews. This presentation is restricted to the zones 
on which the agent model was tested : 

• = Breadalbane environmentally sensitive area (Scotland) 

• = Organic farming in Allier département (France) 

• = Input reduction in Isère département (France) 

• = 2078/92 set of measures in Pavia region (Italy) 

• = 2078/92 set of measures in Communita Collinare (Friuli region, Italy). 

The sampling for phase 1 questionnaire and some results of phase 1 interviews are presented.  

In the second section, we present the results of the main questions of the phase 1 questionnaire about 
the decision process for all the study zones. The considered questions focus on the information search 
of reception, as well as on main aspects which influenced the decision. 

The third section is devoted to the analysis of the phase 1 and phase 2 farmer questionnaires in the 
multi-criteria analysis of the decision. This comprises the evaluation of farmers motivations from 
phase 1 questionnaires, which are compared for some cases with the answers of the farmer himself, re-
interviewed in phase 2. Phase 2 questionnaires provide also data about the evolution of the farmers 
anticipated impacts for different criteria, and about farmers social networks. 

In the fifth section, we present the results of the investigation of statistical links between social and 
economic indicators about the farm, and the levels of the motivations. 

The final section is a discussion about the results ant their possible use in a multi-agent model. 

3.1 General presentation of the study zones 

3.1.1 Breadalbane ESA (UK) 
Breadalbane ESA covers an area of approximately 200 000 ha, and was selected as one of the two 
experimental zones for testing agri-environmental measures in the UK, in 1987. A first (ESA1) was 
launched during the period 1987 – 1992. A second one (ESA2) during the period 1992 – 19995.  

The measure consisted in several types of activities favouring landscape and biodiversity : 

• = a management commitment distinguishing between the quality of land (inbye or rough grazing)  
with an annual payment, proportional to the contracted area, 

• = rebuilding the traditional walls, with payment proportional to the length of walls to rebuild, 

                                                      
5 ESA1 was evaluated during its lifetime by SAC, and changes were implemented at the end of 1991 for the new 
scheme launched in 1992. The main changes comprised an extension of the ESA boundary to cover a larger area 
(ESA1 comprised 120,000 hectares, ESA2 comprised 200,000 hectares), and an increase in levels of payments 
and range of funded activities. 
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• = fencing off parts biologically rich parts of the land to favour the maintenance of biodiversity, with 
payment proportional to the length of fences, 

• = bracken control with payment proportional to the treated areas. 

Some studies of the economic impacts are available. They state that the this impact is generally 
positive, and can be quite significant (around 20% of farmer’s annual income). 

3.1.1.1 Population of farmers 
The population of the area is approximately 150 farmers in the territory of ESA1, approximately 180 
for the territory of ESA2, from which 40 have been interviewed in a first phase, and 20 interviewed 
again in a second phase.  

The average size of the farms is around 650 ha, with a minimum of 30 ha and a maximum of 6300 ha. 

  Ha % of total 
Owner occupied  88 758.1 50.1 
Rented surfaces  80 651.8 45.5 
 Ha % of total 
Crops  3 129 1.8 
Forage 8 415 4.7 
Rough grazing 163 368.2 92.2 
Other 2 269.9 1.3 
 Number of heads 
Cattle 12 912 
Sheep 150,255 
Table 3.1:  Some statistics for Breadalbane ESA (1987)(source SERAD) 

3.1.1.2 Main steps of the implementation of the ESA. 
For both ESA1 (1987-1992) and ESA2 (1992-1999), the organisations formally involved in the 
implementation were : 

• = the Scottish Agricultural College (SAC), which was in charge of the promotion of the scheme, and 
for the drawing up of ESA farm plans / contracts ; 

• = the Scottish Executive Rural Affairs Department (SERAD), which was in charge of the approval 
of the applications. 

For ESA2 only, the Farming and Wildlife Advisory Group (FWAG) was responsible for producing the 
ecological component of the farm habitat survey, and for supplying this to SAC who then put together 
the farm activities plan. 

In addition, in both ESA1 & ESA2 other actors or organisations such as the media and the landlords 
have been informally involved in this implementation, because they broadcast messages about the 
measure. Firstly, « the media » is defined as including the agricultural press, agricultural television 
programmes, and agricultural radio broadcasts.  Messages (both information and opinion) concerning 
the ESA were chanelled through these sources during the lifetime of both ESA schemes. Secondly, 
« Landlords »: in Breadalbane ESA, as in other areas of Scotland, a Landlord-tenant system exists, 
whereby  - within a land area owned by the landlord (the estate) - tenants rent and farm separate 
businesses. In the majority of cases, landlords within the ESA boundary encouraged their tenant 
farmers to join the ESA, by « sending messages » either directly to their tenants, of via their agent 
(« the factor » for the estate).  Since both of these sources are sending « messages », within the model 
they are therefore defined as « institutions ». 

After an analysis of the interviews with institutional actors and farmers, we consider that the main step 
of the ESA implementation process are : 
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3.1.1.2.1 ESA1 : 

• = Autumn 1986, the media  broadcasts first descriptions of the scheme. The main principles of  
ESA1 have been decided, but many uncertainties remain (for example, concerning precise 
payments and exact ESA1 boundaries) ;  

• = End of 1986 : SAC contacts a subset of farmers (10) to begin the promotion of ESA1. The 
message is that the ESA is financially beneficial, good for the environment, and positive for 
farmers’ image as « custodians of the environment ». 

• = March 1987 : Official meeting for the promotion of the scheme instigated by SERAD and SAC. 
They give more explanations about the ESA scheme. The message of SAC is globally the same as 
for the farmer subset. SERAD’s message is that there will be a negative impact on farmers’ 
independence in decision-making, and that the ESA will be positive for nature.  65% of the 
farmers participated in this meeting. 

• = From March 1987 to end 1992 :  

• = The interested farmers must contact SAC.  

• = The advisor of SAC comes to visit the farm and establishes an ecological and landscape diagnosis, 
which is then sent to the farmer ; 

• = The farmer then chooses whether or not to contact SAC for a second visit. This is where the farm 
plan (commitments of the farmer) are negotiated taking into account agricultural business 
priorities alongside the the ecological and landscape diagnosis. 

• = The farm plan is sent to SERAD for approval. The contract only begins when this approval is 
given. 

The whole process takes at least 4 to 6 months, although it can be much longer (more than one year) 
for some farmers. Only a small percentage (4%) of farmers who began this process did not finally 
adopt. 

• = 1988-1989 : 

• = media broadcasts (primarily radio and TV) further descriptions of the ESA, including interviews 
with participating and non-participating farmers. The message overall is still positive for income 
and positive for the environment. 

• = 1991: SAC (the headquarters, not the local technician’s office) organises a meeting for farmers 
and policy makers to present results of ESA1, and the messages are : positive for income, 
environment, image of farmer as protector of the environment, and preservation of farms for 
future generations ; neutral concerning independence. 

3.1.1.2.2 ESA2 :  

• = Spring 1992: Official meeting for the promotion of the scheme instigated by SERAD and SAC. 
They give more explanations about the ESA scheme. The messages of SAC and SERAD are 
globally the same as for ESA1.  60% of the farmers participated in this meeting. 

• = From Spring 1992 to the end of 1999:  

• = The interested farmers must contact SAC or FWAG.  

• = The advisor of FWAG comes to visit the farm and establishes an ecological and landscape 
diagnosis, which is then sent to the farmer  and to SAC; 

• = The farmer then chooses whether or not to contact SAC for a second visit. This is where the farm 
plan (commitments of the farmer) are negotiated by SAC, taking into account agricultural business 
priorities alongside the the ecological and landscape diagnosis. 
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• = The farm plan is sent to SERAD for approval. The contract only begins when this approval is 
given. 

The whole process takes at least 6 months, although it can be much longer (more than one year) for 
some farmers. Only a small percentage (4%) of farmers who began this process did not finally adopt. 

• = 1992-1999 : 

• = media broadcasts (primarily radio and TV) further descriptions of the ESA, including interviews 
with participating and non-participating farmers. The message overall is still positive for income 
and positive for the environment. 

• = Summer & Autumn of 1999 : the SAC advisor targets some remaining non-adopters (farmers who 
have either not adopted the original ESA1, and/or ESA2), first with a letter and then with a phone 
call and visit, informing them the the ESA is due to close at the end of 1999, and they will threfore 
lose their opportunity to join the ESA..  The message is, once again, positive for income and 
environment. 

3.1.1.3 Available data and expertise. 

3.1.1.3.1 Adoption data for ESA1 & ESA2. 

The adoption data month by month (communicated by SAC) are shown on figure 3.1. 
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Figure 3.1 : adoption data for ESA1 and ESA2 (source : SAC). The adoption increases very rapidly 
right after the meeting in ESA1. Then there is a small plateau, and a growth again. For ESA2, the 
growth is more regular during the whole period, except at the end, where we can see a sharp set of 
adoptions. 

3.1.2 Organic farming in Allier (France) 

3.1.2.1 The study zone 
The Allier département is an essentially rural area in the Auvergne region. In 1997, it counts 8 140 
farms (among which 5 020 correspond to one full time worker or more). Most of them are breeding 
cows or ewes. Allier represents 61% of bovine meat production in Auvergne. It is also the fifth 
departement in France for sheep production. The global agricultural surface is 520 000 ha. 
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Répartition des exploitations agricoles de 
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Figure 3.2 : Some statistics of the agricultural activities in Allier (Sources 1 et 2) 

3.1.2.2 The measure 
A part of this description comes from official documents. The other part comes from the institutional 
interviews. 

In the framework of the 2078/92 regulation, France proposes incentives for the conversion to organic 
farming. The objective is to favour less polluting practises in farming and to be able to face the 
growing demand of organic products through national production. The target is 25 000 organic farms 
and 1 million ha under the organic label in 2005, which represents 3% of the agricultural surface. 

The contracting farmer must convert the totality of his farm within a 5 years period. He commits to 
comply with the regulation for organic farming, which implies : 

• = comply with the methods of organic vegetal productions defined by the EU regulation, 

• = comply with the animal production methods defined at the national level, 

• = submit the farm to the control of an officially recognised organisation, 

• = declare the organic activity to the Direction Départementale de l’Agriculture and to the controlling 
organisation. 

Before contracting, an evaluation of the technical and economic consequences of the conversion must 
be performed by a technician from the Chambre d’Agriculture. 

The commitment of the farmer is for 5 years. The 2 first years are the conversion process (3 for 
permanent crops). During this initial period, the farmer must modify his production techniques in 
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order to adapt himself to the constraints of the organic production regulations, and he is not allowed to 
sell his product on the organic market. 

In order to help the farmer to face this transition period, the measure offers incentives which vary with 
the production system. The ceiling of the subsidy was FF 30 000 per equivalent full time worker on 
the farm, limited to 2 full time workers. The ceiling was increased to FF 60 000 per equivalent full 
time worker and then suppressed in January 1998. In January 1998, the subsidies for several crops 
(cereals) were also increased. 

3.1.2.3 Synthesis of the evolution of organic farming in Allier 
Organic farming has been present in Allier since 1975, although it represents a very small part of the 
agricultural surface. In 1993, 1 307 ha were converted to organic farming, and 357 ha were in the 
process of conversion. In 1999, 111 farms and 7 224 ha converted to organic farming. The progress 
increased with the modification of the subsidies in 1998. 

 1999 Evolution 99/97 
Farm number 
 
Agricultural surface in organic farming (ha) 
        Permanent grass 
        Cereals 
  
Livestock (heads) : Suckler cows 
                           Dairy cows  
                            Breeding ewes  

111 
 
7 224 
6 123 
1 074 
 
2 034 
111 
5 021 

+ 63 % 
 
+ 79 % 
+ 135 % 
+ 59 % 
 
+ 115 % 
- 20 % 
+ 66 % 

Table 3.2: Progress of organic farming in Allier (Repères sur l’agriculture biologique en Auvergne. 
Chambre Régionale d’Agriculture d’Auvergne. September 1999) 

One can roughly distinguish three different periods, in the implementation of the measure : 

3.1.2.3.1 First period : organic farming is mostly adopted by marginal farmers, the organic 
market is narrow and not well organised 

1992.  

Announcement of the agri-environmental measures, a technician in charge of the agri-environmental 
measures will be present in each Chambre d’agriculture; incentives for the conversion period are also 
planned. 

The association “Allier bio” is created. 

1993.  

The technician specialised in organic farming is hired by the “chambre d’agriculture de 
l’Allier”. He sends information documents to interested farmers, and performs technical 
and economic surveys if they ask for it. He proposes to visit organic farmers. 

1994. 

Incentives for the management of organic waste which is similar to the one of organic farming.  

October : the measure is launched, with a subsidy ceiling of FF 30 000. The Chambre d’Agriculture is 
a central actor for the management of the applications. 

3.1.2.3.2 Second period : the organic market begins to structure itself, and the bovine meat crisis 
drives more interest to quality labels 

1995.  

Financial difficulties for bovine meat producers because of the monetary devaluation in Italy, Spain 
and Portugal. Structural decrease of meat consumption. 
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Summer : the abattoir SICABA opens an organic specialisation 

1996.  

The BSE crisis, enhances the interest for quality labels and traceability. 

The ceiling of subsidies increases to FF 60 000 per full time worker. 

3.1.2.3.3 Third period : the economic viability of organic farming begins to be recognised 

1997. 

Involvement of supermarkets in the organisation of organic products sales. 

SOCOPA, the largest abattoir of the département opens an organic chain. 

1998. 

The ceiling of the subsidy is suppressed. 

1999. 

Announcement of the replacement of the measure by the « Contrats Territoriaux 
d’Exploitation (CTE)» 

3.1.2.4 Diffusion of the measure 
The conversions to organic farming are given by table 3.3. The progress accelerates in 1998 and 1999. 

Year Organic 
farmers  

Farmer in 
the process 
of conversion

1993 32 5 

1995 45 5 

1996 45 6 

1997 68 16 

1998 93 19 

1999 111 22 

Table 3.3 : Progress of the number of organic farmers in Allier between  1993 and 1999 (source : 
Chambre d’Agriculture) 

3.1.3 Reduction of inputs in Isère (France) 

3.1.3.1 The specifications of the measure 
In the Isère département, the concentration of nitrates is higher than the European reference of 25 mg/l 
in 10% of the drinkable water catchments. The objective of the agri-environmental measure “reduction 
of inputs” is to improve this situation. 

The designers of the measure selected river basins in which there is no other solution than the local 
water for the human use, and for which there is a high pollution (nitrates > 35 mg/l). Moreover, the 
possibility to measure rapidly the effect of the reduction of inputs was also a criterion of selection. 

Eight basins were selected in the Isère valley, which can be classified by their cropping system: 5 
perimeters in which the irrigated crops are dominant, and 3 perimeters in which the non-irrigated crops 
with livestock are dominant. In some of the sites, some actions favouring the reduction of inputs were 
already conducted. 
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An important particularity is that the farmers having at least 50% of the surface in the perimeter in a 
given site must commit to adopt in order for the measure to take place actually. If this ratio is not 
reached, none of the farmers can contract. Later this threshold of surface was increased to 66%. 

Two types of contracts are proposed to the farmers : 

• = input reduction without nitrates traps : FF 800 /ha 

• = input reduction with nitrate traps : FF 1 200 /ha. 

Moreover, the farmers must : 

• = reduce by 20% the total quantity of nitrates compared with the usual quantity corresponding to an 
average yield, 

• = The quantity of inputs must not be above a ceiling value defined by type of crop, 

• = The fertilisers must be put by fractions for winter cereals, corn, winter colza and temporary grass , 

• = The organic fertilisers are also limited 

• = A plan and a record of the main practises must be kept updated. 

3.1.3.2 Diffusion of the measure 
The scenario of diffusion of the measure is similar for all the sites, except that it began sooner for 
some of them : 

1. An information meeting is organised on the site, sometimes after some informal contacts with 
local leaders, 

2. All the farmers who have land in the perimeter are visited by a technician, and they evaluate 
together the implication of the measure adoption, 

3. Discussions take place among the farmers, and after a while, they give their collective decision to 
implement or not the measure (depending on the number of farmers who are ready to adopt). 

4. If the collective decision is yes, then an official launching meeting is organised, and the farmers 
can begin to adopt the measure. 

By the end of 1996, there were 51 adopters among 101 potential adopters. 

The measure actually took place in 6 sites (4 with dominant irrigated crops, 2 with dominant non-
irrigated crops). In 2 sites it did not take place because a majority of farmers were not interested. 

A priori, the measure is financially more interesting for non irrigated cropping systems. However the 
adoption percentage is 100% in one site where the irrigated crops are dominant. 

3.1.4 2078/92 set of measures in Pavia province (Italy) 

3.1.4.1 General presentation of the study zone and the measure 
The Pavia province is part of the Lombardy region, in the North of Italy. It is characterised by a high 
diversity in its geomorphology and the nature of its soil. The Po river cuts the province from East to 
West. On the North side of the Po river, the landscape is flat, with sand and clay soils, rich in water for 
irrigation. 

On the south side, after a flat area, the landscape is progressively more and more hilly. 

The agricultural activities reflect these natural constraints : in the North, the farms are large and 
smaller in the south. 

Four large classes of farms can be distinguished : 
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• = Rice farms : mostly present in the North West, where the water is abundant. In general these farms 
grow only rice, with some agronomic and environmental negative consequences. 

• = Industrial farms : situated in the flat south area, they grow sugar beet, cereals and medicinal grass. 

• = Wine yard farms : mostly situated in the south hilly zone, they have in general a small agricultural 
surface (less than 10 ha). 

• = Livestock farms : mostly situated in the North East  part of the province. The dominant production 
is milk, although some meat producers can be found. 

3.1.4.2 Elaboration and diffusion of the measures in the Lombardy region 
The elaboration of the measures took place first at the national level, and then at the region level. In 
Lombardy, this elaboration has been long and difficult. Two periods must be distinguished : 

• = 1994- 1995 : a first version of the specifications is implemented in the region. The number of 
adoptions is very low because the specifications are too rigid and difficult for the farmers 
(especially A1, input reduction). 

• = 1997 – 1998 : After the creation of an interregional working group, the specifications are modified 
and approved by the different levels. More farmers adopt these new measures. 

The general direction of Agriculture at the provincial and regional levels had a major role to inform 
and train the technicians of the associations who were in charge of the measure implementation on the 
ground. 

The three major farmer associations in the study zone are : “Unione Agrioltori” which members run 
mostly large and medium farms,  “Coldiretti” which represent the largest number of farmers, and the 
“Confederazione Italiana Agricoltori”. 

The diffusion to the farmers was done by sending letters of information, the publication of information 
in the papers of the associations. Moreover, information meetings were organised. The number of 
meeting increased when the specifications changed in 1997/1998 compared to the previous period 
(1994/1995). In 1999, the number of meetings decreased because the farmers seemed to have a good 
knowledge of the measures. 

In general the interested farmers came to the office of the association to get more details after the 
information meeting, and to fill the application forms. Then the associations transmitted to the 
competent authorities. 

3.1.5 2078/92 regulation in Comunita Collinare (Friuli Venezia Giulia, 
Italy) 

3.1.5.1 The study zone (Comunita Collinare) 
Friuli Comunità Collinare is a voluntary association among 16 municipalities located in the middle of 
the Friuli Venezia Giulia region. The association has been established in 1967 and has begun to work 
in 1971. The total covered surface is 360 kmq large. The following municipalities take part into the 
association: Buia, Cassacco, Colloredo di Monte Albano, Coseano, Dignano, Fagagna, Flaibano, 
Forgaria nel Friuli, Maiano, Moruzzo, Osoppo, Ragogna, Rive d’Arcano, S. Daniele del Friuli, S. Vito 
di Fagagna e Treppo Grande. 

The total population is  52.825 inhabitants (Regione Autonoma Friuli-Venezia Giulia, 1996). 

The Comunità Collinare territory is characterised, into the region, by its high value from both the 
landscape and environmental standpoints. In addition there are very interesting sites for historical and 
naturalistic aspects. 

From the agricultural standpoint, 3 main types of productive systems characterise the Comunità 
Collinare : 
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• = “hilly area system with extra-agricultural development” , in particular Forgaria nel Friuli, 
Ragogna, Osoppo, Maiano, Buia e Cassacco municipalities, in which the agriculture assume low 
significance both for the area utilisation and for the labour employment when compare with the 
other productive activities; 

• = “flat area system with extra-agricultural development”, in particular S. Daniele and Fagagna 
municipalities, characterised by equilibrated integration among demography and economic aspects 
and by the prevalent development of industries. The agriculture is present with low specialized 
farm and with medium-large livestock units; 

• = “specialised agricultural system”,  in particular Treppo Grande, Colloredo di Monte Albano, 
Moruzzo, Rive d’Arcano, San Vito di Fagagna, Coseano, Flaibano e Dignano municipalities, 
which the agriculture assume large importance from the productive and labour employment 
standpoints.   

The 6,5% of Comunità Collinare total employers work into the agricultural systems (4,8% in the Friuli 
region, 1996). The majority of them are of 30-54 years age class. The 74,6% of farms is family farms 
(90% for Buia, Cassacco, Colloredo di Monte Albano e Coseano). The agricultural surface is 
cultivated  whit the following: cereals (67,7%), forages (20%), forests (10%). Fruits and vegetables 
cultivation is  marginal. 

3.1.5.2 The elaboration and diffusion of the measures 
The elaboration and diffusion of the measures in Friuli Venezia Giulia (FVG) have two major periods:  

1994-1996 the main actions are led by the regional governmental bodies. In this period, the 
associations have a marginal role. 

From 1997, an important modification of the specifications for the FVG region, and there is an 
intensification of the means for the diffusion of the measure. Moreover, the other institutional actors, 
like the associations began to support the adoption. 

Measure Content where Payments EURO 
A1+B1 Reduction of inputs  Annual crops 150-

200/ha 
 Extensification of vegetal products  legnose. crops 500/ha 
A2 Conversion to organic farming   Annual crops 150-

200/ha 
   Legnose crops 400-

700/ha 
B2 Conversion of the cereals into permanent grass or 

maintenance of permanent grass 
   150-

250/ha 
 Mantenimento dei pascoli alpini   100/ha 
 
 Whole region 
 Park of environmental reserve 
 Environmentally sensitive zone 
 zone svantaggiate 
Source: Direzione Regionale dell’Agricoltura (elaboration L.Piani, S.Santi) 

Table 3.4 : Main measures in the first period (1994-1996) 
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Measure Content Where Payments EURO 
A1 Reduction of inputs  colture 

annuali 
132-
301/ha 

   colture. 
legnose. 

241-
603/ha 

A2 Conversion to organic farming  colture 
annuali 

181-
301/ha 

   colture 
legnose 

483-
945/ha 

B Conversion of the cereals into permanent grass or 
maintenance of permanent grass 

  301/ha 
181-
241/ha 

 Mantenimento dei pascoli alpini   120/ha 
 

 Whole region 
 Environmentally sensitive zone 
 zone svantaggiate 
Source: Direzione Regionale dell’Agricoltura (elaboration L.Piani, S.Santi) 

Table 3.5 : main measures in FVG in the second period (from 1997) 

At the non official level, the information was transmitted by the associations of farmers or the green 
associations. The means of transmission are the following : 

• = Press, radio. 

• = meeting on the farm (non initially targeted on the measure). 

The associations of farmers (unions) informed their members, especially after the changes in 1997. 
The professional associations concentrated their effort on the farmers that appeared to be potentially 
more receptive (this for instance the case of the association of organic farmers in the promotion of the 
conversion to organic farming). 

For measure B, the farms located in the hilly part of the region was targeted. 

3.2 Summarised results of the phase 1 interviews 
This section includes first general results from the interviews in the selected study zones, and then we 
present a set of result tables about the decision process.  

3.2.1 Breadalabane ESA (Scotland) 
Phase 1 comprised 39 interviews in Breadalbane ESA, among which 32 adopters and 7 non adopters. 
It was not possible in this zone of study to get the same number of adopters and non adopters. We 
distinguish between the adopters and the non-adopters in the description of the results for the main 
parts of the questionnaire. 

3.2.1.1 Adopters 
Farmer and family : Within the sample of ESA adopters, the majority of farmers are aged in their 40s 
and 50s; there are also adopters aged in their 30s, 60s, 70s, and 80s.  Over half of farmers within the 
sample definitely have a successor, the remainder being split almost equally between “definitely not” 
and “don’t know”.  The majority of the farms involve a farmer, spouse, plus other family members.  
Strategic decision-making is carried out by farmer plus family members, with additional external 
advice being used.  Only very occasionally is there strategic decision-making by “farmer only”.  
Management decision-making again shows family, and external, involvement, and there is a higher 
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proportion of “farmer only” decisions.  Nearly all of the sample of farmers have “always been in 
farming”, with only a small minority being “new to farming”.   There are slightly more farms that have 
been purchased or rented, than inherited. 

Economic and farm : Amongst the sample of ESA adopters, the overwhelming majority of farming 
system type is livestock (sheep; sheep and cattle); there is a very small proportion of farms with 60% 
or more off-farm income.  The debt/loan situation is distributed almost evenly between the three 
categories of “no loans”, “easily manageable”, and “manageable but influences decisions”.  The 
majority of farms within the sample are owner-occupied, the remainder being largely tenanted.  Farm 
size ranges from less than 50 hectares through to more than 3000 hectares, with a slightly higher 
proportion of the sample being above (rather than below) 500 hectares. 

Social and environmental : The majority of farmers within the sample are members of farming 
organisations (NFU, Highland Glen Producers, Grassland Management Society, Sheep Breeder’s 
Society, Scottish Quality Beef & Lamb Association, Scottish Landowners’ Federation, Scottish 
Organic).  Further, although the majority of farmers belong to a farming co-operative (such as 
Highland Glen), very few farmers belong to a machinery ring.  A high proportion of the sample of 
farmers subscribe to farming magazines or journals, and the majority use outside information and 
advice in connection with their farm. 

Conservation activity Conservation Management activities for 1988-1998: The majority of farmers 
within the ESA adopter sample carried out management of field boundaries (primarily through dry 
stone walling or “dyking”).  In addition, a number of farmers were involved with the management of: 
water margins, wetlands and ponds, permanent grass, small woods (majority of farmers), and 
archaeological sites. Conservation Management activities for 1998-2003: there is a smaller proportion 
of farmers planning to be involved in field boundary management; in addition, there are fewer farmers 
indicating the continued management of water margins, wetlands and ponds. 

Main objective for the next 5 years : The majority of ESA adopters within the sample stated that their 
main objective is to “make a reasonable living”; the other two objectives which were referred to most 
often comprised “maximise profitability” and “being progressive”.  A small minority also mentioned 
“looking after the countryside”, “maintaining farm value” and “developing farm for successor”. 

ESA adoption decision making The majority of ESA adopters within the interview sample first heard 
of the ESA through three main sources: the ESA Meeting which was organised in the area at the 
scheme’s inception; the official ESA letter advising farmers that they were within the designated ESA; 
and the visit of their agricultural adviser (from the Scottish Agricultural College).  Other sources for 
first hearing of the scheme included: farming magazines and TV programmes, the agricultural market, 
and farm workers.  The majority of the sample then searched out more information, primarily through 
SAC, NFU and the Scottish Office Agriculture Environment and Fisheries Department (SOAEFD). 

Views concerning whether the ESA adoption/non-adoption decision-making process involved 
strategic or management issues, were split equally within the sample.  Where farmers considered it to 
be strategic, the majority of decision-makers appear to be “farmer only”, with some decision-makers 
also involving family members and advisors.  Where the ESA decision process was viewed as 
management, those involved on the majority of farms appeared to be “whole family” rather than 
“farmer only”. 

All farmers within the ESA adopters sample stated that they discuss the adoption/non-adoption of 
schemes such as the ESA with other farmers.  In terms of influence upon their adoption decision, the 
majority of farmers pointed overwhelmingly to the local advisory network, followed by “other 
farmers” and “family members”.  When considering influence from information sources, farmers 
again cited the importance of the local adviser, as well as the official ESA Information packs, and 
official ESA Meeting. 

Reasons cited by the farmers within the ESA adopters sample included: 

• = The ESA tied in with what we were doing and wanted to do; we agreed with the concept. 
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• = The ESA is an opportunity to get something for carrying out methods of which we approve, but 
could not afford to do.  Also, it is speeding up the process of what we want to do for conservation. 

• = Genuine interest in the habitat and nature of the land on this farm. 

• = The ESA is conservation made simple. 

• = The money; and also the dykes were becoming a problem from a stock management point of view. 

• = Additional income. 

• = The ESA allows for the maximum financial return from an area of ground. 

• = The ESA does not reduce income from the farm. 

• = The ESA is administered by the Department of Agriculture, NOT by a “green” organisation (such 
as Scottish Natural Heritage); this is very important. 

The factors related to adoption were highlighted as being related to financial considerations, to farm 
type (livestock farms benefit from the ESA due to field boundary maintenance allowing for greater 
ease of stock control), to tenureship (landlord encouragement or discouragement), succession (time-
horizon), intensity of system (flexibility), and farm size (flexibility). 

3.2.1.2 Non adopters 
Farmer and family: The age of farmers within the ESA non-adopters sample ranges from 43 through to 
73. There is no pattern of successor status; however, all farms within the sample comprise family 
farming units, with labour from farmer, spouse and other family members.  The majority of strategic 
decisions are taken by farmer plus spouse plus other family members; farm management decisions 
appear to be taken mostly by farmer and spouse.  The majority of farm systems within the sample 
comprise livestock (sheep; sheep and cattle).  All farmers within the sample have “always been in 
farming”; however, there is no distinct pattern of farm acquisition. 

Economy and farm :As stated, the farming systems within the sample are predominantly livestock; any 
arable production is for animal feed.  There is no distinct pattern relating to debt.  The majority of 
farms within the sample are owner-occupied, and farm size is between 50-2000 hectares (the 
distribution being mainly between 50-150 ha, and more than 1000 ha).   

Social and environmental: The majority of the sample of farmers are members of farming 
organisations (NFU, Blackface Sheep Breeders Association); none of the sample are members of a 
farming co-operative or machinery ring.  There is no distinct pattern concerning subscription to 
farming magazines and journals, or use of outside information. 

Conservation activityConservation Management activities for 1988-1998: ESA non-adopters within 
the sample are involved with the management of small woods, field margins (walls), grassland, and 
archaeological sites.  Conservation Management activities for 1998-2003: Field margins and the 
management of small woods comprise the two main planned activities, with a continued emphasis also 
on grassland management and archaeological sites. 

Main objective for the next 5 years :Farmers within the ESA non-adopters sample cited their main 
objective as being “making a reasonable living”; in addition, “maximising profitability” was also 
highlighted. 

ESA adoption decision making : The majority of ESA non-adopters first heard of the ESA through the 
official ESA letter advising them that their farm is within the designated area.  Most of the farmers 
within the sample did not then search out more information. Most farmers within the sample viewed 
the ESA-related decision-process as being of management orientation; such a decision-process 
involved the “farmer only” and “farmer plus spouse”. Most of the farmers within the sample reported 
having discussed scheme adoption/non-adoption (such as the ESA) with other farmers.  Further, they 
reported being influenced in their decision process by family, other farmers, and landlord (where 
applicable). 
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The main reasons for non-adoption include: 

• = This is a small farm; so there is little flexibility, especially with respect to grazing and possible 
restrictions on that. 

• = I did not want to lose control of my farm; I don’t want to be told what to do on my own ground. 

• = The amount of extra paperwork involved. 

• = Do the payments make up for all the hassle? 

The factors affecting the non-adoption were highlighted as including farm size and intensity (both 
relating to flexibility), and specific circumstances relating to tenureship arrangements (and how the 
scheme is perceived as having been designed with the landlord, rather than the tenant, in mind). 

3.2.2 Organic farming in Allier (France) 
We interviewed with 17 adopters and 12 non-adopters over the Auvergne region. The decision to 
restrict the application of the  model to the Allier département was taken later in the project. Only 11 
farmers belonged to the Allier département. Therefore, the results we present are not restricted to the 
farmers located in Allier. 

An important aspect of the sample is that the farmers were selected because they asked for information 
about organic farming from the Chambre d’Agriculture. Therefore, all the interviewed farmers showed 
some interest in organic farming, even the non-adopters. Some of the non-adopters were hesitating, or 
even adopted after the interview. 

The average age in the sample is 43. Most of them are married (90%) which is higher than the average 
in the region (75% only). However, the certainty of succession is weak (25% of the farmers who are 
more than 50). The average size of the sample 63 ha versus 43 ha for the regional average (in 
Auvergne). However we have to notice that this average size is very close to the Allier’s farms 
average size. The farms of the sample are also more diversified : in one third of the farms there is an 
activity of product transformation or agri-tourism. In one third of the farms, there is an off farm source 
of revenue. Most of the farms have cattle. 

None of the adopters had a intensive system before the conversion. Half of them had already adopted 
the constraints and techniques of organic farming, but without receiving the agreement of a control 
organisation. The other half had extensive systems without much chemical inputs. Finally, for all of 
them, the conversion was not a strong constraint, and the technical impact was very limited. 

The most commonly cited reasons for non-adoption were the technical impact, especially on cattle 
health and  doubt about  the price to sell their organic products. For adopter, “already organic farmer” 
or “quality of production and practices” are the most commonly cited reasons.  

3.2.3 Reduction of inputs in Isère (France) 

3.2.3.1 Sampling 
The 27 farmers to interview were selected according to their farming systems (irrigated / non irrigated, 
livestock / no livestock) and whether they contracted or not. 

3 sites in which the irrigated crops are dominant and in which the measure actually took place among 
4 were selected. 

1 site in which non irrigated crops are dominant and in which the measure actually took place was 
selected. The second one was not selected because the measure was too recent. 

Both sites in which the measure did not take place were selected. 

We finally interviewed with 16 adopters and 11 on adopters between March and June 1998.  
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3.2.3.2 Summary of the results for adopters with irrigated crops (11 farms) 

3.2.3.2.1 Farm data 
This category represents 11 farms. The average age of the farmers is 40 years.  

4 large farms (from 73ha to 140ha) with an important part of irrigated corn production, 

4 smaller farms (40 ha on average) with different crops, and in particular wall nuts and tobacco, 

3 farms with mixed systems including crops and livestock. 

On average the contracted surface represents 18% of the agricultural surface (15ha).  

3.2.3.2.2 Reasons for adoption 

• = The main motive for adoption is the feeling of responsibility of the farmers for the water pollution.  

• = However, this reaction is often associated with the financial aspect, and the farmers consider that 
the payments compensate the loss due to the yield decrease. In particular, with the low price of the 
cereals the loss in income due to the yield decrease was not too high. For one of the farmers 
however, the payments do not compensate the increase of work related to the nitrate traps. 

• = The part of the SAU with the catchment perimeter is an important factor. For this set of farms, it is 
relatively small (18% on average). In the smallest farms, this part is higher and it can be a reason 
for non-adoption. 

• = The time scale of the contract was also important. The change of practises is not a long term 
commitment, and leave the future open to other possible adaptations in a very uncertain context of 
the policy. 

• = The collective dynamics of the measure played a role in the adoption. One farmer was initially 
reluctant and finally signed due to the solidarity with the others. 

3.2.3.2.3 Impacts of the measure 
The main impact of the adoption is the increase of work due to the nitrate traps. This impact is higher 
in small farms with diversified productions, because it corresponds to a period in which there are other 
important work priorities. 

The increase of work due to the requirement to fractionate the input of fertilisers is better received. For 
the livestock farms, the ceiling of 20t of manure leads also to an increase of work and investments. 

The evaluation of the yield decrease for irrigated corn is about 10%. 

3.2.3.3 Summary of the results for non-adopters with irrigated crops (4 farms) 
Farm data :Two farms are specialised in large crops, one of them with 70% of irrigated corn. The other 
two have some livestock. 

3 farmers were opposed to the measure. The part of their agricultural surface in the perimeter was 8, 
36 and 61%. 

The main reasons for non adoption are : 

• = the constraints of the measure limit the farmer’s independence of decision, 

• = a non compensated loss of income was anticipated, 

• = an important part of the agricultural surface in the perimeter was a negative factor,  

• = some doubts about the efficiency of the measure and farmers responsibility for the pollution, 
especially when the perimeter is small or when there are polluting firms in the neighbourhood. 

• = some doubts about whether the payments will continue over the five years 
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However, all of them recognise that the measures are positive from an agronomic point of view. 

One of the farmers was ready to sign, but he could not because the majority of the farmers of his site 
were opposed to the measure. Only 7% of his agricultural surface were in the perimeter and the 
measure would have had a very limited impact. 

3.2.3.4 Summary of the results for adopters with non-irrigated crops (5 farms) 
The agricultural surfaces go from 20 to 30 ha. 2 farms are oriented toward milk production. The others 
mix different vegetal productions : cereals, tobacco, sunflower. 

On average, the contracted surface is 5ha (14% of the total surface on average). 

The main reason is to reduce the water pollution in their commune. Moreover, the farmers estimate 
that the payments compensate the losses and the occasional increase of work. In addition, some 
farmers fear that an even more constraining regulation is imposed if the pollution continues. 

3.2.3.5 Summary of the results for non-adopters with non-irrigated crops (7 farms) 
The average age is 45 and the average surface is 70ha (from 40 to 145ha). 

2 farms are specialised in vegetal productions. 5 mix vegetal production and livestock, among which 4 
are milk producers. 

4 farmers were opposed to the measure. The part of their surface in the perimeter was high (on average 
48%). 

The main reasons are : 

• = the risk of an income decrease, 

• = the constraints on the farmer’s independence of decision. 

3 farmers were ready to sign but they could not because they were in the minority. 

3.2.4 2078 regulation menu in Pavia (Lombardy, Italy) 

3.2.4.1 Sampling 
The objective of the sampling is to reflect the diversity of the farm types, and to balance the sample 
between adopters and non adopters. 

In total 60 farmers were interviewed in phase 1, 38 adopters and 22 non adopters. The types of farms 
is given in table 3.6. 

 Rice farms Livestock farms Industrial farms Wine farms 

size S M L S M L S M L S M L 

Yes 4 1 4 5 4 3 2 1 4 4 3 3 

No 1 5 0 1 3 2 2 4 1 2 1 2 

Table 3.6: Characteristics of phase 1 interviewed farms in Pavia region. S, M, L correspond to small, 
medium and large surfaces, which are defined for each type of farm. Yes correspond to adopter, and 
No to non adopter. 

3.2.4.2 Summary of the results 

3.2.4.2.1 Farm data 

58% of the interviewed farmers are younger than 50 years. 30% answered positively to the question 
about the presence of a successor. 
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3.2.4.2.2 AEM adoption 
The measure which was mostly adopted is A1 (reduction of inputs), by 23 farmers of the sample. Then 
comes measure D1 (maintenance of  the landscape), by 10 farmers of the sample, and B (maintenance 
of permanent grass) by 10 farmers of the sample. 

The main factors which influenced the adoption or non adoption are the level of the payments and the 
personal environmental sensitivity. For non-adopters, the type of farm is also an important reason for 
the decision. The adopters were influenced in their decision by the technician of their association. The 
non adopters were influenced by regional technicians. 

The adopters consider that they received the most important information in the official meeting 
devoted to the measures (40%). However, almost 30% of them say that they receive no information. 

Most non adopters give the highest importance to the non official information (42%), or to official 
information leaflets. 

3.2.5 2078 menu in Comunita Collinare (Friuli Venezia Giulia, Italy) 

3.2.5.1 Sampling 
The criteria to select the farms in the sample were the following : 

• = adopter / non adopter 

• = farming system (cereals / wine – fruits / livestock) 

• = size of the farm (small / large) 

• = age of the farmer (<45 / > 45) 

The selection of the 60 farms tried to respect a balanced distribution in these criteria. Among the 30 
adopters of the sample, 3 have adopted more than one measure. Moreover, the non-adopters 
considered in their majority only one measure before deciding not to adopt. 

Farm distribution/production trend

zoothecnic
35%

cereal
20%

mixed
31%

fruit/viticul
tural
14%

 
Figure 3.3 : Distribution of the farming systems in Comunita Collinare. 

3.2.5.2 Summary of the results of the first phase 
The large part of the farms in the sample has adopted only one measure, in particular measure A2 
(organic farming).  

The adopters tend to be a bit younger: the 62% of them are younger than 45 years; for the non-
adopters this percentage decreases to 46%. The adopters are more likely to have a successor and to 
have a higher degree of study. 

All the interviewed farmers use a type of external assistance; the adopters tend to use  technical forms 
of it, whereas non-adopters utilise fiscal assistance. 

In summary, the younger and more dynamic farmers tend to adopt. 
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3.3 Comparative results of the phase 1 interviews about the social 
influences and the decision process 

In this section, we summarise the main results of the phase 1 interviews for the questions related to the 
socio-informational networks and the informational process leading to the decision of adoption or non-
adoption. 

Tables 3.7  and 3.8 synthesise the number of adopters, non adopters and not-yet-decided in each study 
zone. 
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No 28 16 4 11 13 11 6 4 30 123
Yes 28 23 17 18 15 16 33 33 9 192
Not yet: have not 
decided

2 5 8 1 16

Total 58 44 29 29 28 27 39 37 40 331

Auvergne
Italy France United Kingdom

 
Table 3.7. Number of adopters, non-adopters and not-yet-decided interviewed in each study zone in 
phase 1. 
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No 48 36 14 38 46 41 15 11 75 37
Yes 48 52 59 62 54 59 85 89 23 58
Not yet: have not 
decided

3 11 28 0 0 0 0 0 3 5

Auvergne
Italy France United Kingdom

 
Table 3.8. Percentage of adopters, non-adopters and not yet decided in each study zone in phase 1. 

We present several tables of results in which the colour codes for percentages presented on the 
following table is adopted. 
0 to 24 25 to 49  
50 to 74 75 to 100  
Colour codes for the presentation of percentages 

3.3.1 Exchanges among farmers 

3.3.1.1 Which farmers do you discuss with ? 
The table 3.9 shows the results of the interviews to the question : “which farmers do you discuss with 
?”.  
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Friuli Lombardy Ariège Isère Scotland England England Total
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No immediately adjacent 54 75 91 77 82 50 100 27 50
with a similar farm. system 50 100 50 36 92 82 17 75 47 61
who are also friends 79 81 25 27 77 82 83 100 83 75
other farmers' category 54 100 25

Yes immediately adjacent 46 22 71 94 80 75 58 56 58
with a similar farm. system 61 61 65 44 93 75 45 45 56 58
who are also friends 75 74 18 22 73 75 79 76 56 65
other farmers' category 46 83 17
immediately adjacent 75 100 44
with a similar farm. system 50 40 75 100 63
who are also friends 100 60 38 100 56
other farmers' category 80 25

Total immediately adjacent 48 11 72 93 79 78 49 65 38 55
with a similar farm. system 55 73 66 41 93 78 41 51 53 60
who are also friends 79 75 24 24 75 78 79 84 80 69
other farmers' category 48 89 20

Not yet: 
have not 
decided

Italy United KingdomFrance
Auvergne

 
Table 3.9. Answers to the question : “which farmers do you discuss with?”. The numbers are the 
percentage of adopters, non-adopters or not yet decided who ticked the category.  

One can notice that : 

There is no significant difference between adopters and non-adopters. However, in all the sites the 
non-adopters tend to discuss slightly more with farmers who are also their friends.  

There is no clear difference between the number of discussions with the immediately adjacent farmers 
and farmers who have a similar farming system (moreover, adjacent farmers can also have a similar 
farming system).  

Except for the Italian sites, the other farmer category is never chosen. 

The farmers from the Auvergne region tend to privilege the discussions with their neighbours more 
than in the other sites. 

3.3.1.2 Which are the subjects of discussions ? 
Table 3.10 shows the results of the interviews about farmers subjects of discussions. 
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subsidies 46 6 25 45 54 82 67 100 43 46
prices (in 
general)

79 88 100 91 77 82 83 100 83 84

the weather 68 100 100 91 46 73 67 100 70 75
agricultural 
techniques

64 94 75 73 62 82 67 75 67 72

whether or not to 
join scheme 25 94 100 36 31 73 83 75 50 53

subsidies 57 13 53 89 73 56 67 76 44 60
prices (in 
general)

68 78 71 94 87 88 94 94 56 83

the weather 71 100 76 100 73 50 85 88 44 80
agricultural 
techniques

86 100 82 67 60 94 70 85 44 79

whether or not to 
join scheme 43 96 53 39 67 69 82 61 33 63

subsidies 50 50 100 38
prices (in 
general)

100 80 100 100 94

the weather 50 80 88 100 81
agricultural 
techniques

100 100 63 100 81

whether or not to 
join scheme 100 100 63 100 81

subsidies 52 9 48 72 64 67 67 81 48 55
prices (in 
general)

74 82 83 93 82 85 92 97 80 85

the weather 71 98 83 97 61 59 82 92 68 79
agricultural 
techniques

78 98 76 69 61 89 69 84 63 77

whether or not to 
join scheme 36 95 62 38 50 70 82 68 50 61

Yes

Not yet: have 
not decided

Total

Auvergne
Italy France United Kingdom

No

 
Table 3.10. What are the subjects of the farmers discussions ? (the numbers are the percentage of 
adopters, non-adopters and not yet decided in each site, who ticked the subject). 

The weather and the prices are the most frequently chosen subjects. It appears that “whether to join a 
scheme” is an important subject of discussion (on average 72% of the highest frequency subject). 
However, this importance varies according to the sites : 

It is not frequent in the sites of Friuli, in the landscape mesure locale of Auvergne and in the CSS site 
of England. However, the subject is often cited by not yet decided farmers. 

It is very frequent, for adopters as well as for non-adopters in the sites of Scotland and Lombardy.  

There are sites where the percentage of adopters who chose the subject is higher than the percentage of 
non-adopters who did, and sites where it is the opposite. These differences should be considered with 
much caution because of the sample sizes. 

On average, the adopters and not yet decided cite slightly more subjects than the non-adopters. 

3.3.1.3 Where do the farmers meet ? 
The distinction between adopters and non-adopters is not relevant for this question. Therefore, table 
3.11 show the main place of meetings between farmers.  
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The most frequently cited places of meeting are the agricultural shows and the union meetings. The 
market and the pub are slightly less frequently cited. Note that these places correspond to different 
frequencies of meetings.  

There are again specific points in each site : 

• = In Ariège and Scotland, the market is the most frequently cited, 

• = In Lombardy, the local pub is the most frequently cited 

• = Isère and England (ESA), the agricultural show is the most frequently cited. 
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Total
market 21 2 28 41 79 19 72 43 33 35
local pub 33 84 7 7 7 23 38 43 31
farm open days 34 7 11 28 35 28 15
farm training courses 26 57 38 3 18 19 21 24 10 25
union meetings 67 59 21 38 14 41 46 38 30 43
agricultural show 47 80 31 45 25 74 64 62 48 54
agric competition 28 38 39 41 10 14 18 17

United KingdomFranceItaly
Auvergne

 
Table 3.11. Where do the farmers meet ? (the numbers are the percentage of interviewees each site, 
who ticked the category). 

3.3.1.4 Which are the informational networks ? 
Table 3.12 shows the collected data about farmers informational networks. The interviewees of the 
Italian and British sites tend to be highly involved in farming organisations. The French interviewees 
tend to use external advice more than the others and to be more often in co-operatives.  

The most significant difference between adopter and non-adopters is a higher involvement of adopters 
in non-farming organisations (except in the English ESA). 
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No
farming magazines or 
journals subscriber

57 75 75 91 69 91 67 67 68

professional, outside 
information & advice 

64 75 100 73 85 91 33 50 73 72

farming organisations 
member

93 100 25 36 69 73 83 75 93 81

non-farming 
organisations member

18 25 18 23 36 75 40 24

farming co-operative 
member

71 75 73 38 91 25 57 52

machinery ring member 7 50 27 54 55 25 3 18

Yes
farming magazines or 
journals subscriber

75 70 71 89 47 81 70 67 33 69

professional, outside 
information & advice 

71 61 76 61 93 94 76 61 33 70

farming organisations 
member

100 100 71 28 80 56 82 82 78 78

non-farming 
organisations member

36 4 41 39 60 63 18 42 44 35

farming co-operative 
member

46 4 53 67 67 94 67 36 22 50

machinery ring member 11 4 29 28 73 56 18 18 24

farming magazines or 
journals subscriber

100 60 75 69

professional, outside 
information & advice 

100 60 75 100 75

farming organisations 
member

100 100 63 100 81

non-farming 
organisations member

50 25 19

farming co-operative 
member

75 38

machinery ring member 50 50 31

Total
farming magazines or 
journals subscriber

69 70 72 90 57 85 69 65 60 70

professional, outside 
information & advice 

71 66 79 66 89 93 69 65 68 73

farming organisations 
member

98 100 62 31 75 63 82 86 93 81

non-farming 
organisations member

28 2 34 31 43 52 15 46 40 31

farming co-operative 
member

57 2 62 69 54 93 56 35 48 50

machinery ring member 10 2 38 28 64 56 15 19 3 22

Italy France United Kingdom
Auvergne

Not yet: 
have not 
decided

 
Tableau 3.12. Farmers informational networks (the numbers are the percentage of adopters, non-
adopters or not yet decided who ticked the category) 

3.3.2 Adoption decision process 

3.3.2.1 Origin(s) of the first information(s) about the AEM 
As shown on table 3.13, the media are the most frequently cited as the origin of the first information 
about the AEM. The institutions are the second most frequently cited source. However, the percentage 
of farmers citing the institutions varies a lot according to the cites. One can also note that : 

• = In Lombardy, a majority of non-adopters do not cite any origin for the first information, 
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• = In Auvergne (organic farming) the second most frequently cited origin by the non-adopters is 
“family and colleagues”. 

There is no very significant differences between the adopters and the non-adopters. However, on can 
notice that : 

• = there is a higher percentage of non-adopters who do not cite any origin (compared with the 
percentage of adopters who don’t). 

• = In the Italian sites, the adopters cite more frequently the institutions as the origin of the first 
information. 

 

Friuli Lombardy Ariège Isère Scotland England England Total
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type

1st Info(s) 
origin
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No medias 54 35 75 91 92 100 100 100 93 76
institutions 43 29 25 91 92 100 100 67 27 53
family and 
colleagues

11 6 50 9 50 17 10 10

no origin cited 46 65 25 9 8 7 24
Yes medias 100 96 88 89 93 94 97 97 78 94

institutions 79 83 47 78 73 94 70 68 33 72
family and 
colleagues

14 8 18 11 20 17 6 33 13

no origin cited 4 12 11 7 6 3 3 22 6
medias 100 50 100 100 82
institutions 100 50 38 100 53
family and 
colleagues

 100 6

no origin cited 50 18

Italy France United Kingdom
Auvergne

Have 
not 
decided

 
Table 3.13. Origin  of the first information about the AEM (the numbers are the percentage of 

adopters, non-adopters or not yet decided who ticked the category in each site). 

3.3.2.2 Did the farmer searched more information immediately after the first information 
received ? 

The results to this question, on table 3.14, show a significant difference between adopters and non-
adopters : On average, 73 % of the non-adopters do not search information after the first 
announcement of the measure. The samples of Auvergne organic-farming and England ESA have 
specific aspects which explain their difference. 



Images Project – Final Report – Version 2  

 

62 

  

Friuli Lombardy Ariège Isère Scotland England England Total
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No False 71 88 25 82 83 75 100 17 73 73
True 29 12 75 18 17 25 83 27 27

Yes False 21 8 18 56 53 75 30 15 33 30
True 79 92 82 44 47 25 70 85 67 70
False 33 63 41
True 100 67 38 100 59

Italy France United Kingdom
Auvergne

Have 
not 
decided

 
Table 3.14: Does the farmer search more information immediately after receiving the first 
information? (the numbers are the percentage of adopters, non-adopters or not yet decided who ticked 
the category in each site). 

3.3.2.3 Location where farmers search information about the AEM 
Table 3.15 summarises the results of the interviews related to the question “where did you search 
information about the measure”. The striking result is that most of the non-adopters ticked “nowhere” 
as the answer to this question. If one assumes that it means that the farmer did not search any 
information about the measure, then this table shows that the non adopters, in their majority (73% on 
average) did not search information about the measure. On the contrary, the adopters ticked 
“Institutions” as a place where they searched information about the measure.  

For adopters and non-adopters, the institutions are the main place to search information about the 
AEM. 

Friuli Lombardy Ariège Isère Scotland England England Total
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No medias 7 6 8 17 5
institutions 18 12 50 18 8 17 67 27 21
social networks 11 6  25 3 7

nowhere 68 88 50 82 83 75 100 33 70 73
Yes medias 29 6 3 3 5

institutions 68 79 94 44 53 25 80 97 89 73
social networks 21 4  13 6 5

nowhere 21 8 6 56 33 75 20 3 11 23
medias 17 6
institutions 100 50 38 100 53
social networks  100 6

nowhere 33 63 41

Italy France United Kingdom
Auvergne

Have 
not 
decided

 
Table 3.15. Locations where information about the AEM is searched (the numbers are percentages of 
adopters, non-adopters and not yet decided in each site). 

3.3.2.4 Do farmers have information to estimate the AEM impact on their farm ? 
Table 3.16 shows that the adopters consider that they had enough information about the impact of the 
adoption on their farm.  

On the contrary, only 35 % of the non-adopters consider that they have enough information. In the 
sites of the landscape measures in France and the ESA in Scotland the level of information of non-
adopters is high because almost all the farms were visited by a technician.  
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Friuli Lombardy Ariège Isère Scotland England England Total
adopter 
type

have 
information to 
evaluate 
impact
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No True 14 12 91 83 100 50 13 35
False 86 88 100 9 17 50 100 87 65

Yes True 93 96 100 100 100 100 100 91 100 97
False 7 4 9 3
True 100 67 35
False 33 100 100 65

Have 
not 

Italy France United Kingdom
Auvergne

 
Table 3.16 : Do farmers have enough information to evaluate the impact of the adoption ? (the 
numbers are the percentages of adopters, non-adopters and not-yet-decided in each site who ticked 
the category). 

3.3.2.5 Origin of the information which has influenced the farmer’s decision ? 
Table 3.17 shows the results to this question. One can note that the institution is the most frequently 
cited origin, for adopters or non adopters. However, the adopter cite the institution significantly more 
frequently than the non-adopters.  

Except in the Lombardy site, few farmers consider that they have no information.  

There seems to be specificity in the French sites, where the non-adopters do not cite any information 
having influenced their decision. 

Friuli Lombardy Ariège Isère Scotland England England
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information which 
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Total

No institution 56 24  42 100 100 61 41
colleagues 19 18  17 21 14
others 19 6  17 15 11
no information 4 59  6 11

Yes institution 53 48 18 11 87 100 100 100 85 68
colleagues 23 9 6 13 6 28 13 23 16
others 37 22 18 13 25 6 6 8 16
no information 3 39 6  6
institution 50  19
colleagues 17  6
others 33  13
no information 33  13

United Kingdom
Auvergne

Not yet: 
have not 
decided

Italy France

 
Table 3.17. Origin of information having an influence on the farmer’s decision (the numbers are the 
percentage of adopters, non-adopters or not yet decided who ticked the category in each site). 

3.3.2.6 Who influenced the farmer decision ? 
Table 3.18 show the categories of persons having influenced the farmer’s decision.  

For non-adopters, the most frequently cited category is “nobody”, whereas for non-adopters, the first 
category is “family and colleagues” (which is the second for non-adopters). 

The categories “institution” and “others” are slightly more frequently cited by the adopters than by the 
non-adopters. 
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Friuli Lombardy Ariège Isère Scotland England England
Adopter 
type

Who has 
influenced the 
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O
rg

an
ic

 
fa

rm
in

g

In
pu

ts
 

re
du

ct
io

n

O
rg

an
ic

 
fa

rm
in

g

La
nd

sc
ap

e

La
nd

sc
ap

e

In
pu

ts
 

re
du

ct
io

n

ES
A

ES
A

C
SS

Total

No institution 11 35 8 30 16
family/colleagues 19 41 8 58 60 48 32
others 11 6 8 25 60 42 20
nobody 63 35 100 100 83 17 100 24 48

Yes institution 47 39 17 7 69 50 25 35 35
family/colleagues 27 35 29 17 27 44 47 44 54 37
others 27 13 12 11 73 25 63 38 23 32
nobody 27 43 65 67 20 6 31 19 28
institution 100 33 19
family/colleagues 100 17 13
others 17 25 19
nobody 33 75 100 56

Italy France United Kingdom
Auvergne

Not yet: 
have not 
decided

 
Table 3.18 : Who influenced the farmer’s decision ? 

3.3.2.7 Synthesis of the tables into a schematic temporal informational process 
The previous questions about the information search, the location of search and the result of the search 
(whether the farmer has enough information to evaluate the impact of the adoption), can be put on a 
temporal line which summarised on table 3.20. 

 

Origin of first info. Immediate search ? Location of search Enough information ? 

Media 

Institution 

Family and colleagues 

No origin 

  Yes 

  No 

Social network 

Media 

 Institution 

No answer 

Yes 

No 

Table 3.20 : the schematic sequence of informational process. The arrows indicate a typical 
informational path of adopter. 

Tables 3.22 , 3.23 and 3.24 attempt to synthesise the results of the previous questions into a temporal 
paths of the type shown on table 3.20. 

The results show significant differences between adopters and non-adopters in terms of informational 
paths which are summarised in table 3.21. 

origin of first 
information(s)

immediate 
search where

have infos 
to 

anticipate

% 
adopters

% non 
adopters

% not yet 
decided Path

medias yes institution yes 60 11 29 1
institutions* yes institution yes 42 9 29 2
medias no no answer yes 20 21 3
institutions* no no answer yes 18 20 4
medias no no answer no 1 27 5
institutions* no no answer no 1 14 6
sans origine** no no answer no 0 21 7  
Table 3.21 : who influenced the decision according to the informational path. *All the interviewees 
who cited “institutions” also cited “media” as the source of the first information. **This path is only 
significant for Italy. 
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• = Path n°1 is typical for adopters and not yet decided, as shown on table 3.23. It shows that in 
general adopters search for more information immediately after they have the first information 
about the measure. They cite evenly the different sources of influence : institution, colleague and 
family, others or nobody. 

• = Path n°3 comprises a similar number of adopters or non-adopters. These farmers consider that they 
have enough information to evaluate the impact of the measure, although they did not search 
immediately this information. We note that the non adopters of this path tend to be less influenced 
(nobody is the most frequent answer). This path is frequent for the measure in which systematic 
visits of the farmers by a technician took place. This explains why the farmers did not have to 
search for information by themselves. 

• = Path n°5 is typical for non-adopters. These farmers did not search for information, and they 
consider that they are not able to evaluate correctly the impact of the measure on their farm. We 
note that the farmers of this path cite most frequently “colleagues and family” as their source of 
influence. 

• = Path n°7 is specific to the Italian sites. It corresponds to farmers who seem to have had no 
information about the measure. Therefore, the fact that “nobody” is the most frequently cited as 
their source of influence is not surprising. It is probably because there was no decision.  

Some specific results about of the study zones are noticeable, in particular : 

• = In Auvergne (organic farming) and England (ESA) a significant number of non-adopters followed 
the paths of adopters, but ending with not enough information. 

• = In Lombardy, there is a striking contrast between adopters and non-adopters : the adopters are 
active and get the relevant information, whereas the non-adopters are passive and have no 
information. 
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F social 
network F 54 25 4 4 35 24 75 25 91 73 92 75 100 75 100 100 100 17 93 67 3 3 76 50 2 2 F social 

network
no answer T 21 4 24 25 73 73 75 58 75 75 100 50 17 63 48 21 T no answer

F 18 24 25 17 50 17 63 27 F

T no answer F 29 12 50 18 17 25 83 17 17 27 26 1 1 F no answer
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network T 7 6 6 25 5 1 T social 
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F 7 25 4 F

institution T 18 11 12 12 50 18 18 8 8 17 17 67 27 10 21 11 T institution

F 7 50 67 17 11 F

media T 7 6 6 8 8 17 17 5 3 T media

F 7 2 F

F social 
network F 43 18 4 4 29 24 25 91 73 92 75 100 75 100 100 67 17 27 13 53 34 1 1 F social 

network
no answer T 14 24 73 64 75 58 75 75 100 50 17 13 34 20 T no answer

F 14 24 9 17 50 17 13 14 F

T no answer F 25 4 6 25 18 17 25 25 50 17 17 13 19 4 1 F no answer
social 
network F 4 4 25 25 3 3 F social 

network
institution T 18 11 6 6 25 18 18 8 8 17 17 33 13 7 15 9 T institution

F 7 25 33 7 6 F

media T 7 8 8 17 17 4 2 T media

F 7 2 F

F no answer T 11 7 7 4 6 6 6 50 25 25 9 9 9 9 50 50 50 17 10 7 7 10 7 7 2 T no answer

F 4 6 25 50 7 5 F
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institution F 25 25 17 17 3 3 2 2 F institution

F no answer T 46 46 46 65 65 65 25 9 9 9 9 8 8 8 8 7 7 7 3 24 23 23 2 T no answer

F 46 65 3 21 F
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Table 3.22 : The paths of informational process for non-adopters. 
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Table 3.23 : The paths of informational process for adopters. 
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Table 3.24 : The informational paths for not-yet-decided. 
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3.3.2.8 The time elapsed between the first information and the decision 
Table 3.25 shows the number of years elapsed between the reception  of the first information about the 
AEM and the decision, and distinguished between the farmers who searched more information 
immediately and the others. 

The majority of adopters adopted less than one year after the first information for the measures in the 
sites : 

• = Isère –Input reduction 

• = Ariège – mesure locale landscape. 

• = England –  CSS 

• = Friuli – organic farming 

The majority of adopters adopted less than 2 years after the first information about the measure in the 
sites : 

• = Auvergne – Mesure locale landscape. 

• = Scotland – ESA 

• = England - ESA 

• = Auvergne – organic farming 

One can note that the immediate search does not mean an immediate decision. On the contrary, it can 
happen that a farmer who did not search information takes a rapid decision . 

 

AEM
Search 
after 1st 
info

0 1 2 3 4 5 6 7 Nb of farmers 
in the sample

Friuli Organic farming True 37 19 7 4 4 7 21
False 15 4 4 6

Lombardy Inputs reduction True 21 17 4 21 29 22
False 4 4 2

Organic farming True 12 29 24 6 12 14
False 6 6 6 3

Landscape True 20 33 8
False 27 13 7 7

Ariège Landscape True 47 7
False 47 7 8

Isère Inputs reduction True 13 7 7 4
False 47 20 7 11

Scotland ESA True 47 17 3 3 21
False 17 10 3 9

ESA True 19 45 6 10 6 27
False 10 3 4

CSS True 33 22 11 6
False 22 11 3

England

Auvergne

Italy

France

UK

 
Table 3.25  : Time elapsed between the first information and the decision (in years) distinguishing 
between farmers who searched information immediately and the others. 
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3.4 Interpretation of the data in a mutli-criteria framework 
This section describes the results obtained in our attempts to describe a set of farmer case studies in 
each study zones in a multi-criteria framework. This attempt comprises two parts : 

The evaluation of the motivations from the phase 1 questionnaire. The motivations correspond to the 
weights associated to the criteria of a decision in the multi-criteria framework. The principle adopted 
is to select the questions that are related to the motivation and to define rules which attribute a positive 
or negative value to the answer. The method is described in more details in (Dobromez et al.). We 
simplified the presentation of the motivations by considering a maximum of seven categories : very 
weak, weak positive or negative, medium positive or negative, strong positive or negative. For the 
motivations which are only positive or only negative, only four categories are used. This simplification 
is obtained by a proportionality rule on the direct results of motivation evaluation from the 
questionnaires, which gives very different ranges of evaluation. It is important to notice that we had to 
shift the values of some motivations which were artificially found negative, although the expert 
interpretation was weakly positive. 

The second phase interviews, in which some farmers were asked about their motivations, the evolution 
of their anticipated impacts, and their contacts with others.  

We summarise these results for the five selected study zones. 

3.4.1 Breadalbane ESA (Scotland) 

3.4.1.1 Evaluation of the motivations 
The method which was used for the evaluation of the motivation in the UK is slightly different from 
the one used for the French and Italian zones. The used method is here more similar to the thematic 
analysis : each answer of the farmer is considered and the expert decides whether this answer can be 
classified as revealing that the farmer is motivated or not for the considered motivation. 

Considering afterwards the regularities of the categorisation of the answers, some rules of attribution 
can be derived. Making these rules explicit leads finally to a procedure which can be compared to the 
one used in France and Italy, where the rules are defined a priori by the experts. The results of the 
motivation evaluation are given in table 3.26.  

Several comments can be made about this table : 

Only one interviewee has very weak motivations for improving nature or landscape. The other have at 
least weakly positive motivations, with about a half of them having positive or strongly positive 
motivations. 

• = Most of them have a very weak or negative motivation for intensive farming. Only 9 of them have 
a weakly positive motivation for intensive farming. 

• = The profile of the non-adopters tend to be characterised by  : 

• = A strong motivation positive for producer identity, 

• = A strong motivation positive for the flexibility of the farming system, 

• = A strong negative motivation for the external assessment. 

3.4.1.2 Summarised results from phase 2 questionnaire 
This zone was used as a pilot for the second phase questionnaire. We tested the different parts of the 
questionnaire independently because it was not clear whether merging these parts was manageable. 

The results of these interviews are summarised on table 3.27. 
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3.4.1.2.1 Comparison of the expert and farmer evaluation of the motivations 

Significant differences appear between the expert and farmer evaluation of the motivations. A general 
trend is that the farmers tend to attribute themselves more contrasted values (more frequent use of the 
extremes). This can be explained by the fact that the farmers have only 3 modalities (negative or 
positive) to use whereas the expert evaluation initially uses more modalities. 

Going more specifically into the different motivations, some differences can be explained : 

• = For reducing workload , it seems that there is a systematic shift toward negative values. This can 
be explained by the fact that the group corresponding to a very weak motivation has not been well 
chosen. Globally, the farmers who are negatively motivated for reducing workload are less 
frequent than what appears in the expert evaluation. 

• = For external assessment, there is a similar tendency, but less systematic. The differences show the 
difficulty to evaluate this motivation, and also probably the ambiguity of its understanding by the 
farmer. 

3.4.1.2.2 Evolution of impact evaluation  
At the moment of decision for ESA1 adoption (T2), 5 farmers among 7 who answered about their 
impacts expect that adoption will increase their income. The same 5 farmers have negative 
anticipation at that time for their independence of decision. Half of them express negative 
anticipations about the effect of the scheme on nature preservation and landscape, which can 
correspond to the expression of doubts about its efficiency, rather than a really negative impact. The 
other half have positive anticipations. The producer identity is not frequently considered (only once). 
Globally it appears that the farmers made a trade-off between an expectation of increase income and a 
loss of independence.  

At the moment of decision for ESA2 adoption (T4), 5 over 6 farmers who answered consider that 
adoption will decrease their income or it will stay the same. Only one expects to increase his revenue. 
It could be that farmers globally anticipated a decrease of their income by that time, that the adoption 
would not compensate. The anticipation about the impact on nature preservation and landscape are 
still contrasted.  
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Intensive system � � �

Decreasing 
workload � � � � � � � � �

Security of 
revenue � � � � � � � � � � � � � � � �

Increase income � � � � � � � � � � �

Flexibility of 
farming syste � � � � � � � � � � �

Technical 
mastery � � � � � � � � � � �

Producer identity � � � � � � � � � � � � � � � � � � �

Independence of 
decision � � � � �

External 
assessment � � � � � � � � � �

Patrimonial value � � � � � � �

Peer recog. 
/social reward � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Preservation of 
nature � � � � � � � � � � � � � � � � �

Landscape � � � � � � � � � � � � � � �

�
 strongly 
positive

 weakly 
positive �  positive weakly 

negative very weak� �  negativestrongly 
negative

 
Table 3.26 : summary of the expert evaluation of the motivations from the phase 1 questionnaires in Breadalbane ESA (Scotland). 
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T1 = Anticipated impact MAE's announcement E = motivation value noted by expert F = motivation value cited by farmer
T2 and T4 = Anticipated impact on decision-time 
T3 and T5 = Anticipated impact post-decision-time

Farmer network : N = Farmer neighbourhood links O = Farmer - Other links Approximate frequency of discussion : day month
P = Farmer professional links I = Institution links na = non adopter strong against week year

E F T1 T2 T3 T4 T5 E F T1 T3 T4 T5 E F T1 T4 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T4 T5 E F T1 T2 T3 T4 T5 E F T1 T2 T3 T4 T5 E F T1 T2 T5 E F T1 T2 T5
Technical 
mastery � = = = = = = = � + = � + � + + + - -
Intensive system � - = = = - - = = - = = = � � � = = - � -- = = = = - � - -
Secure the 
revenue � � � + + + - + + - = + � � � � � + + = = = � � + + -
Increase income � + + = = = � + + + � � + -- + � � + � = = - � + + = = = � + + - - ++ � = + � � - - -
Flexibility of 
farming system = = = - � = = = - - + � = = = - - - - � = = = = � � -- = - � � - - -
Reducing 
workload � � - - - - - - � - = � � � - - - - - - = � - - -
Preservation of 
nature � + - - + = � + + + + � + - � � + + = = � - - - - � ++++ + = + � � + + - - = = = � = - --
Landscape � + - - + = � + + + + � + - � � + + = = � - - - = - � �++++ + = + � � + + - - + - - = � = - --
Independence in 
decision making -- - - - - � = = = - � - = - � - - = � = = = = = = - - -- � - - = = � � -- - - � -- -- -
External 
assessment � + + + + + � = = = + � - + � + + + - � + � ++ � + + = = + � � + + � � + +
Family patrimony � = = � � � � N/A N/A N/A � = � = =
Producer identity � � � - - - = � � = � N/A N/A N/A � � - � � = =
Social reward � � � � � = = � � � + � � N/A N/A N/A � = = � + +
Information 
source
Diffused to 
others

N P O I N P O I N P O I N P O I N P O I
2 0 0 2 6 2 1 2 0 0 0 3 4 3 1 0 2 2 0 3

Installation date

noyesyesyes

institution  institution, neighbour  institution, neighbour

yesyesyes

neighbour, institution neighbour, institution  institution, 
neighbour institution

1978

institution

yesyes

 institution, 
neighbour

Farmer network

1986 1965 1984 1962

non adopter 
ESA2

adopter ESA1, ESA2 adopter ESA1, 
ESA2

adopter ESA2 adopter ESA1, 
ESA2

adopter ESA2 (landlord 
has decided)

adopter ESA1, ESA2 adopter ESA2 non adopter 
ESA1

 
Table 3.27: Phase 2 interviews : Comparison between expert and farmer evaluation of motivations, evolution of anticipated impacts, social network.
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The variations show globally an evolution toward neutrality for the anticipation of increase income 
and the effects on nature preservation and landscape. 

3.4.1.2.3 Social network and discussions 
All the farmers cited the institution as their source of information, and most of them cited also their 
neighbours (6 over 8). Most of them (6 over 8) diffused their information to their neighbours. The 
frequencies of interactions with neighbours or professional relations is weekly or monthly. 

Moreover, it appears from the phase 1 questionnaire that whether to join a scheme is a rather important 
subject of discussion : it represent more than 20% of the citations, at the same level as the weather or 
the prices. 

3.4.2 Organic farming in Auvergne (France) 

3.4.2.1 Evaluation of the motivations 
Table 3.28 presents the results of the evaluation of the motivations by the experts. 

We note that 25 farmers aged over 30 have a positive or strongly positive motivation for preserving 
nature, and 23 over 30 have a positive or strongly positive motivation for improving landscape.  

Moreover, there are no striking differences in the motivation profiles of adopters and non-adopters. 
This is not very surprising for farmers who showed an interest for organic farming, and several non-
adopters did not really make their decision yet. 

However, one can notice that the adopters have on average stronger motivations for external 
assessment and for decreasing workload. The non-adopters tend to have a higher motivation for the 
security of the revenue. 

3.4.2.2 Phase 2 farmer interviews 
In the phase 2 interviews, 10 farmers (6 adopters and 4 non-adopters) were interviewed again with the 
questionnaire about : the motivations, the social networks and the anticipated impacts. The results are 
summarised in table 3.29. 

3.4.2.2.1 Anticipated impacts 
At the moment of the decision (T2), the differences between the anticipated impacts of adopters and 
non-adopters are : 

• = increase of income : 4 out of 6 adopters anticipate an increase of their revenue whereas none of the 
non-adopters does. 

• = security of income : the adopters tend to have positive anticipations about the security of income 
(3 out of 6), whereas the non adopters tend to have a negative anticipation (3 out of 4). 

• = decrease workload : the adopters have positive anticipations (3 out of 6) the other adopters having 
neutral anticipations, whereas 2 non-adopters have negative anticipations. 

• = Social reward : 2 adopters have positive anticipations about the social reward, whereas 2 non-
adopters have negative anticipations about the social reward. 

The evaluation of the motivations by the farmers and the experts can differ significantly.  
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Decreasing 
workload � � � � � � � � � � � � � � � � �

Security of 
revenue � � � � � � � � � �

Increase income � � � � � � � � � � � � � � � � � � � � � � � �

Technical 
mastery � � � � � � � � � � � � � � � � � � � �

Intensive system � � � � � � � � � � � � � � � � � � � � � � � �

Independence of 
decision-making � � � � � � � � � � � � � � � � � � �

Peer recognition 
/social reward � � � � � � � � � � � � �

Producer identity � � � � � � � � � � �

External 
assessment � � � � � � �

Patrimonial value � � � � � � � � � � � � � � � � �

Landscape � � � � � � � � � � � � � � � � � � � � � � � � �

Preservation of 
nature � � � � � � � � � � � � � � � � � � � �

�
strongly 
negative �  negative  weakly 

negative very weak �
 strongly 
positive

 weakly 
positive �  positive

 
Table 3.28 : motivation of Auvergne’s farmers evaluated from the phase 1 questionnaire. 
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Legend :
Anticipated impact signed in the same sense that farmer's motivation : Motivation value :

T1 = Anticipated impact on time 1 E = motivation value noted by expert F = motivation value cited by farmer
T2 = Anticipated impact on decision-time (2)
T3 = Anticipated impact post-decision-time (3)

means "="
N = Farmer neighbourhood links O = Farmer - Other links Approximate frequency of discussion : day month
P = Farmer professional links I = Institution links week year
b = organic farmer neighbour

E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3
Technical 
mastery � + + � � � � + � + � � � + + � �

Intensive 
system � � � � � � � � � � � � ++ � � ++ + � ++
Security of 
revenue � + + � � - + � + + � � � ++ + ++ � � - - � � -- -- - � � � - - -
Increase 
income � � + + � � + + - � � � + � � ++ ++ � � ++ + ++ � � � � � � -- - -
Decreasing 
workload � � + + - � � - - � + + - � � ++ + � + + + � - - � � - + + � - -
Preservation 
of nature � � + + � � + + � � � � + + � + + � � � + + � � � + + �

Landscape � � + + � � � � � � + � + � � � � � � + + �

Independence � � � � � � � � � � � � � - - � � -- - -
Producer 
identity � � � � + � + + ++ � �

Patrimonial 
value � � � � � + � � � � �

Social reward � + + + � � � � + + � � + - - � � - -
External 
assessment � + + + � � � � � � + + + + + + � � ++ � + � � +
Information 
source
Diffused to 
others

N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b
1 1 1 2 2 1 1 1 1 1 2 1 2 5 1 1 2 1 2 1 1 3 2

Installation 
date

institutioninstitution, 
neighbour

non-adopteradopter 1996 adopter 1993 adopter 1998 adopter 1995 adopter 1995 adopter 1997
non-adopter and 

adopter 1998

institution institution institution

yes

1992

non-adopter non-adopter

institution

yes

institution neighbour, ins- 
titution, colleagues

yes

institution

Farmer 
network

1983 1988198819861985 19841986 19721994  
Figure 3.29: Results of phase 2 questionnaire for organic farming in Auvergne.  
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3.4.3 Input reduction in Isère (France) 

3.4.3.1 Results of the evaluation of the motivations 
The results of the evaluation of the motivations from the phase 1 farmer questionnaire are given table 
3.30.  

The main differences between adopters and  non-adopters motivations are : 

• = the non-adopters have lower motivations for the water quality 

• = the non-adopters have the highest motivations for independence in decision making, and the most 
negative motivations for external assessment.  

However, some of the non adopters wanted to adopt but they could not. This can explain why a part of 
the non adopters do not show striking differences compared with the adopters. 

3.4.3.2 Results of the phase 2 interviews 
In this study zone, the phase 2 interviews were postal, and therefore the questionnaire was simplified. 
The social network part was removed from the questionnaire. The results are summarised on tables 
3.31 and 3.32. 

17 farmers answered to the questionnaire (12 adopters and 5 non-adopters). 

Moreover, for the motivations, the farmers had the choice between only 5 modalities (strong positive, 
positive, negligible, negative, very negative) instead of 7 in the face to face interviews.  

This increases the difficulty to compare the results of the evaluation from the phase 1 questionnaire. 

The comparison between expert and farmer evaluation of the motivations show some differences. 
These differences can have several explanations :  

• = the farmer motivation evolved between the interviews (2 years between both surveys), 

• = the expert did not choose the appropriate questions in the phase 1 questionnaire, 

• = the number of modalities used by the expert and the farmer are different, 

• = the expert and the farmer have a different understanding of the motivation, 

• = the subjectivity of the farmer when he must evaluate his own motivations facing an interviewer. 

However, for 10 motivations out of 14, the differences between the farmer and expert evaluations are 
satisfactorily similar. For the following motivations : keep an intensive production system, maintain 
the flexibility of the system, keep a producer identity and transmit a family patrimony, the differences 
are more significant. 

The evaluation of the measure impact by the farmers were analysed for two periods : 

• = when the heard about the measure for the first time, 

• = by the end of the contract or at the moment of the interview. 

The main results are the following :  

• = the opinion of the farmers does not change much between these periods and, in 83% of the cases, 
it does not change at all. 

• = The only farmers whose opinion changes are adopters or non-adopters who wanted to adopted but 
could not because they were in minority. 
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Security of 
revenue � � � � � � � � � � � � �

Increase the 
revenue � � � � � � � � � � � � � � � �

Increase the 
income � � � � � � � � � � � � � � �

Intensive system � � � � � �

Technical 
mastery � � � � � � � � � � � � � � � � � � �

Flexibility of 
farming system � � � � � � � � � � � � � �

Decreasing 
workload � � � � � � � � � � � � � � � � �

Independence of 
decision-making � � � � � � � �

Producer identity � � � � � � � � � � � � � � � � � � �

External 
assessment � � � � � � � � � � � � � � �

Patrimonial value � � � � � � � � � � � � � �

Peer recognition 
/social reward � � � � � � � � � � � � � � � � �

Employment on 
farm � � � � � � � � � � � � � �

Preservation of 
nature � � � � � � � �

Landscape � � � � � � � � � � � � � � � � �

Water quality � � � � � � � � � � � � � � � � � �

non adopter* non adopter because member of "for" minority group

�
 strongly 
positive

 weakly 
positive �  positive weakly 

negative very weak�
strongly 
negative �  negative

 
Table 3.30 : Results of the evaluation of the motivations from the phase 1 questionnaire in Isère. 
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E F T1 T2 T3 T4 E F T2 T3 T4 E F T1 T3 T4 E F T1 T3 E F T1 T3 E F T3 T4 E F T1 T3 E F T1 T3 E F T1 T2 T3 E F T3 E F T1 T3 T4 E F T1 T3 T4
Technical 
mastery + - � + + + + + � + � + + � + � + � �

Intensive system � + + + - - - - - -- - � -- - -- + � + � - - - -
Security of 
revenue + - � + + + � � � � � � � � � + +
Increase income + - � + + + � - � � � - -- � � ? � � - � - � � � � - + �

Flexibility of 
farming system - - � + + + � � � � -- - � - - � ? + � + � - � � - -
Decreasing 
workload - - - - � + + + � - � � - -- � -- - � -- - � � - � � - - - �

Preservation of 
nature � + + + + + + + + + ? � � + + � + +
Landscape + + + + � + + + � � � ? � � + � + � � ++

Water quality � + + + + � � + + + � �++ + ++� + ? � � + ++� + + � � ? ? � + + � + � � + + � + +
Independence � + + + - - - - ? ? + � - - -
Producer identity + + � + + + � � � + � � � � � ++ � � � �

Patrimonial value � + + � + + + � � + + � � � � � � � �

Social reward + + + + + � � ? + � + � ? ? � � + � + + -
External 
assessment � + + � + + + � � - � � � � + - - -
Information 
source
Diffused to 
others

N P O I b N P O I b N P O I b N P O I N P O I N P O I N P O I N P O I N P O I b N P O N P O I b N P O I b

Installation date

InstitutionInstitutionInstitution

19691990

Farmer network

Institution Institution

1989

Institution

19911995 1984 1993 1973 1986 1983 1987 1973

Institution Institution, 
neighbour Institution Institution InstitutionInstitution

No

ad 1995 ad 1991adopter 1995 adopter 1995 adopter 1994 ad 1995 ad 1994 ad 1994 adopter ad 1994 adopter 1995 adopter 1992

 
Figure 3.31 : Results of Phase 2 farmer interviews for reduction of inputs in Isère. Adopters.  
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E F T1 T3 T4 E F T1 T2 T3 T4 E F T1 T2 T3 E F T1 T3 T4 E F T1 T3 T4
Technical 
mastery � + + + � ++++++ + � + + ++� � + � - -
Intensive system � - - - - - + + + - - - -
Security of 
revenue � � + + + � - - - -
Increase income + + ++++++� - - -
Flexibility of 
farming system - - - - � -- -- - - --
Decreasing 
workload � - - + + � - - + � - - --
Preservation of 
nature � � ++ � + + + + � ? ? ?

Landscape � ++ � � + + + � � � ?

Water quality �++++++� � + + + + �++++++ + + ? ? ?

Independence - - - - - - - - - � -- -- � � -- -- -
Producer identity � + + + � � � -- -- -- +
Patrimonial value + + + � - - - - ?

Social reward � � ? ? ? ? � �

External 
assessment � + + � ? ? + + + - - � - - -
Information 
source
Diffused to 
others

N P O I b N P O I b N P O I b N P O I b N P O I b

Installation date 1983 1983 1977 1976

Yes Yes

Farmer network

1980

Institution

non-adopter 
(member of "for" 
minority group)

non-adopter 
(member of "for" 
minority group)

non-adopter

Institution Institution Institution, 
neighbour

non-adopternon-adopter 
(member of "for" 
minority group)

 
Figure 3.32 : Results of Phase 2 farmer interviews for reduction of inputs in Isère. Non-adopters.  
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3.4.4 Input reduction in Pavia province (Italy) 

3.4.4.1 Results of the evaluation of the motivations 
The results are summarised on table 3.33. The motivations for security and level of income tend to be 
higher for non-adopters than for adopters. Moreover, the motivation to comply to the policy trend tend 
to higher for adopters than for non-adopters. 

3.4.4.2 Results of the phase 2 interviews (reduction of inputs) 
We interviewed 20 farmers in Pavia in phase 2 about the measurer A1. The results are given by table 
3.34 for 10 adopters and on table 3.35 for 10 non-adopters. 

3.4.4.2.1 Evolution of the anticipated impacts 

The anticipated impacts which appear most frequently for the 10 adopters are (see table 3.34) : 

• = 6 have a positive anticipated impact on the security of the revenue at the moment of the decision 
(T2), and only one has a negative anticipation. 

• = have a positive anticipated impact on the level of income at the moment of the decision (T2) and 
three have a negative anticipation. 

• = have positive anticipations of impacts on the preservation of nature at T2. 

• = 1 has a negative anticipation about producer identity. None has a positive anticipation.  

• = Only one adopter seem to give more importance to the impact on landscape than on the impact on 
the security of his revenue. 

• = Globally, the anticipated impacts improve between T1 and T2. 

The anticipated impacts which appear the most frequently for the 10 non-adopters are (see table 3.35) : 

• = 8 have a negative anticipated impact on the level of income at T2. None of them has a positive 
anticipation. 

• = have a negative anticipated impact on the security of the income at T2. None of them has a 
positive anticipation. 

• = have a negative anticipation on the producer identity at T2. One of them has a positive 
anticipation. 

• = have a positive anticipation of impact on the preservation of nature at T2. 

It seems that the difference between adopters and non-adopters is related to the anticipations of impact 
on the level or security of income. The adopters tend to privilege the security of income versus the 
level of income.  

3.4.4.2.2 Social networks 

It appears that the social networks of the interviewees are smaller than in the other zones of study : the 
maximum number of links is 3, with the most frequent number 2.  

The reason could be that : 

• = the way the interview was conducted, focusing only on the very important links, 

• = the fact that the farms are mostly located in the north and are far from each other. 

The frequencies of interactions are mostly by the week or the month. 
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ad
op

te
r

Security of 
revenue � � � � � � � � � � � � � � � � � � � �

Increase income � � � � � � � � � � � � � � � � � � � � � �

Technical 
mastery � � � � � � � � � �

Decreasing 
workload � � � � � � � � � � � � �

Comply to policy 
trend � � � � � � � � � � � � � � � � �

Producer identity � � � � � � � � � � � � � �

Patrimonial value � � � � � � � � � � � �

Landscape � � � � � � � �

Preservation of 
nature � � � � � � � � � � � � � � � � � � � � � �

�
strongly 
negative �  negative  weakly 

negative very weak �
 strongly 
positive

 weakly 
positive �  positive

 
Table 3.33 : Results of the evaluation of the motivations from the phase 1 interviews in Pavia region. 
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T1 = Anticipated impact on time 1 E = motivation value noted by expert F = motivation value cited by farmer
T2 = Anticipated impact on decision-time (2)
T3 = Anticipated impact post-decision-time (3)

means "="

N = Farmer neighbourhood links O = Farmer - Other links Approximate frequency of discussion : day month
P = Farmer professional links I = Institution links week year

E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3
Technical 
mastery - - - � � + + � � � � � - + �

Intensive system

Secure the 
revenue � � + ++++� � + � + + ++ � � + + � � - - - � + + � - + � � + + +
Increase income � - � � - - - � + � + + + � � + + � - - � � � � + + � � - + � � + + +
Flexibility of 
farming system � � + + -
Decreasing 
workload � + + + � � - � � + + + � � � � � � - +
Preservation of 
nature � � � � + + ++� � � � + + + � � + + � � � + + + +
Landscape � � � � � + + + � � + +
Complly to the 
policy trend � � � � � + + + � � � � � � � � + + +
Producer identity � - - - � � � �

Patrimonial value � � � + � � � � + + +
Social reward �

Information 
source
Diffused to 
others

N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b
1 1 0 1 - 1 0 0 0 - 0 1 0 0 - 1 0 0 1 - 0 0 1 1 - 2 0 0 1 - 2 0 0 1 - 0 1 0 1 - 0 1 0 0 - 0 0 0 0 -

Installation date

adopter 1997 adopter 1997 adopter 1997 adopter 1996 adopter 1997 adopter 1997adopter 1997 adopter 1997 adopter 1997 adopter 1997

neighbour institution, 
neighbour neighbourneighbour neighbour institution neighbour

Yes No Yes Yes Yes No Yes

Farmer network

1965 1950 1978 1986 1989 1995 1996 1996 1997 1985  
Table 3.34 : results of phase 2 questionnaire in Pavia region for adopters. 
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T1 = Anticipated impact on time 1 E = motivation value noted by expert F = motivation value cited by farmer
T2 = Anticipated impact on decision-time (2)
T3 = Anticipated impact post-decision-time (3)

means "="

N = Farmer neighbourhood links O = Farmer - Other links Approximate frequency of discussion : day month
P = Farmer professional links I = Institution links week year

E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3 E F T1 T2 T3
Technical 
mastery � - -
Intensive system

Secure the 
revenue � - -- � � + � � � � � - - - � � - - � � + - � � � �

Increase income � � - - � � + � � - - � � - - � � - - - � � - - � � + - � � - - � -
Decreasing 
workload � � - -- � � � �

Preservation of 
nature � � + + � � + + � � + ++ � � � � � � + + � � � �

Landscape � � � �

Comply to the 
policy trend � � + + � � + + � -
Producer identity � � + + � � � - - - � � - - � � - - � -
Patrimonial value � � - -- � � � � � -
External 
assessment � + ++
Information 
source
Diffused to 
others

N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b N P O I b
0 2 0 1 - 0 0 0 1 - 0 1 0 1 - 1 0 0 1 - 1 0 0 1 - 0 1 0 1 - 0 1 0 0 - 0 1 0 1 - 1 0 0 0 - 1 0 0 1 -

Installation date 1997 1966 1973 1993

Farmer network

1950 1974 1991 1995 1958 1980

Yes Yes

neighbour

Yes Yes Yes No Yes

institution, 
neighbour

institution, 
neighbour institution neighbour neighbour institution, 

neighbour

Non-adopter Non-adopter Non-adopter Non-adopter Non-adopter Non-adopterNon-adopter Non-adopter Non-adopter Non-adopter

 
Table 3.35 : results of phase 2 questionnaire in Pavia region for non adopters. 

 



IMAGES project – Final report – version 1 (March 2001) 

   

87 

3.4.5 Organic farming in Comunita Collinare (Italy) 

3.4.5.1 Results of the evaluation of the motivations 
The results of the motivations evaluation are given on table 3.36. From this table, it appears the 
motivations of non-adopters which tend to be higher than the ones of the adopters are : 

• = technical mastery (5 have a strong positive motivation, and only 1 among the adopters)   

• = increase income (4 have a strong positive motivation, and none of the adopters) 

• = comply to the policy trend ( 7 have a strong positive motivation, and only 2 adopters)  This result 
is the opposite of the one obtained in Lombardy. 

In Friuli, motivations of farmers who moved towards organic farming also significantly differ to 
motivations of farmers who rejected this change. Differences between adopters and non adopters of 
organic farming mainly concern motivation for independence in decision, for policy adaptation, for 
decreasing work load, and to maintain the identity of producer. Farmers who moved toward organic 
farming system are less motivated to maintain independence in decision than farmers who rejected 
organic farming and non-adopters are more strongly motivated for policy adaptation than adopters.  

3.4.5.2 Results of the phase 2 interviews 
The results are summarised in tables 3.37 and 3.38:. 

3.4.5.2.1 Comparison between the evaluation of the motivations by the experts and by the 
farmers 

 TECHNICAL MASTERY: Adopters and non-adopters are both interested in improving their 
technical knowledge (average values of 2 and 1,9 respectively). The experts judgment on this aspect is 
only slightly lower than the farmer judgement.   

INTENSIVE SYSTEM: on the contrary to the experts evaluation, claiming for a negative value of this 
motivation, both the adopters and non-adopters have expressed positive value for this motivation. The 
reason is that the   farmers see the increasing of production as the only defence in a market in which 
the prices are continuously decreasing.   

INCREASE INCOME: high values are assigned to this motivation both by non-adopters and adopters. 
The experts elaborating the values of the questionnaires assign similar values.    

DECREASING WORKLOAD:  this motivation has been judged in a strong positive way from all 
farmers (average value of 2 for adopters and 2,3 for non adopters). The experts underestimate the 
motivation values. 

COMPLY WITH THE POLICY TREND: the experts have overestimated this motivation.   

PATRIMONIAL VALUE.  Both the groups of farmers have expressed positive values for this 
motivation. The experts have underestimated the importance of this motivation.   

SECURITY OF REVENUE: The non-adopters farmers are more interested into this motivation and 
assigned higher values to the associated value. The experts judgment is in line with the farmers 
judgment; 

PRESERVATION OF NATURE: Both farmers groups are positively motivated to this aspect, but 
adopters show a higher sensibility. The value assigned by the expert is one point lower than the value 
assigned by adopters  

LANDSCAPE. Also in this case the farmers positively estimate the value assigned to the motivation, 
and also in this case the expert have underestimated the value in argument.   
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PRODUCER IDENTITY: The expert evaluation has not been confirmed by the interviews results. 
Both adopters and non adopters have assigned positive scores to this motivation with the following 
values: adopters average = 1,18, non adopters average = 2; 

EXTERNAL ASSESSMENT: This motivation finds positive consensus among both non adopters and 
adopters.   

3.4.5.2.2 Evolution of impacts 

The interviews was in difficulty to answer to these questions because they was not able to evaluated 
these aspects. For many farmers the adopting/non adopting process didn't leave any impact on the 
interviews memory.  

The analysis of the results of the 27 farmer (17 + 11 = 28) interviews about the impacts connected to 
the AEMs can be summarised into the following points:    

adopters (17 interviews, see table 3.37): 

At T1 the impact on farm technology has been evaluated in a positive way by 6 farmers, 5 farmers do 
not foresee any impact and only 1 farmer has a negative opinion. The entire group of farmers do not 
change opinion at T2.  

at T1 7 farmers consider  positively the impacts on the income (both the level and the security of it). 
Only 1 farmer has negative opinion about the positive impact of AEMs. Passing from T1 to T2 3 
farmers increase their positive view.    

all farmers opinions are positive in relation to the effect that the AEMs have on the preservation of 
nature and landscape. The positive opinion is maintained or increased passing from T1 to T2 and to T5   

the impact of AEMs on the producer identity is only in few cases evaluated: 3 farmers positively see 
it; 2 give negative score.   

for all the other impacts, only very few farmers have seen AEMs as possible cause of changes for 
these aspects into their specific situation.   

Generally speaking, the effects assigned to the impacts are stable during the time in the range from T1 
to T3. Only in few cases farmers have positively increased their opinion on the impacts. For the future 
(T5) it is foreseen a positive evolution towards AEMs with more positive impact effects.   

non adopters (11 interviews, se table 3.38)  

Among this group, very few impacts have been considered as important into the specific situation of 
chosing about AEMs. Intensity of system, flexibility of it, external assessment and   social 
independence have nearly no importance as cause of effects for the interviewed farmers and for this 
reason have not been evaluated.   

• = the other limitation is the scarce  farmers’ sensibility in evaluating the impact evolution during 
time. Generally speaking the impacts have been considered stable passing from T1 to T2 (very 
few cases of positive increase have been registered). Less clear is the frame when the opinion 
regarding the future evolution are asked to the farmer (T5) 

• = at T1 the impact on farms technology has been evaluated in a positive way by 2 farmers, 2 farmers 
do not foresee any impact and   2 farmers has a negative opinion. All the group of farmers doesn’t 
change opinion at T2.  

• = at T1 4 farmers have considered the impacts on the income level as negative. Only 1 farmer has 
positive opinion about the positive impact of AEMs. Passing from T1 to T2 2 farmers increase 
their positive view.    

• = the impact on the security of revenue is considered positive by 2 farmers and negative by 1. No 
changes from T1 to T2; 
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nearly all the farmers have a positive opinion about the positive impact of AEMs on environment 
protection and landscape preservation. This opinion it has been formed at T1 and doesn’t change or 
positively changes (few cases) during time both at T2 and T5. Only a farmer has a negative opinion on 
the effect associated to the AEMs implementation. 

in general, the impact on the producer identity is seen as negative. 

Trying to summarise, both adopters and non-adopters have a positive opinion in relation to the positive 
effects of AEMs implementation on nature and landscape preservation. The adopters have also 
positive opinion for the economics impacts (level of income and security of revenue). At the opposite 
the non-adopters show negative opinion (or, in any case, not positive) on these last impacts. Note that 
by the motivations side, the non-adopters group is the one assigning the higher importance to the 
economy.  

3.4.5.3 Social networks 
The analysis has been carried out in order to understand which people is in touch with farmers and 
discuss with them about the following subjects: 

• = economics (prices, ..); 

• = techniques (mechanisation,…); 

• = environment (nature defence and conservation, ..); 

• = society (independence of decision, ..). 

The following broad categories of interlocutors have been identified: farmers, non-farmers, and 
institutions. 

The results of the analysis show that the main interlocutors are the following: 

• = farmers. The broad part of the farmers discuss with other farmers that live in the same village or 
near the same village; they discuss also with contractors that deeply influence the farmer opinion. 
The contacts with other farmers take place into meetings organised by private firms or farmers 
associations. Other occasions of contact are  markets and  technical exhibitions; 

• = technicians. The farmers discuss with: the farmer shops technicians (note that in Italy exists the 
commercial chain of Consorzi Agrari, peculiar shops distributed on all the country and specialised 
in selling all the products needed by farmers); veterinarians; seeds and machines vendors; 
inspectors of organic farmers association (only for the associated); independent agronomists. 

• = consumers: for the farmers adopting the on-farm selling.  

• = farmer association technicians (belonging from CIA, Coldiretti e Unione Agricoltori): the farmers 
complain the role of these technicians is mainly bureaucratic and that they are not doing  any work 
of technical extension services. 

Regarding the difference among adopters and non-adopters, the last are mainly in contact with other 
farmers. In particular the farmers adopting measure B (meadows maintenance) present the lower 
number of interlocutors associated with the large number of discussions. The non-adopters and the 
adopters of measure B (meadows maintenance) present the largest number of interlocutors with 
technical mastery and the largest number of discussions. At the opposite the adopters of measure A2 
show the lowest number of contacts with agricultural technicians (mainly with vendors). The reason of 
this is linked with the lower dimension of the organic farms and the consequent minor needs in terms 
of agricultural production factors (seeds, machines, chemicals, livestock feedstuffs) and associated 
contacts with   these factors vendors The contacts with the farmers associations are the same for all the 
farms, but the adopters of measure B show a larger number of discussions. Finally the adopters of 
measure A2 are more in contact with consumers and are largely discussing with them because they 
tend to sell their products on farm and on  public markets. 
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ad
op

te
r

Technical 
mastery � � � � � � � � � � � � � � � � � � �

Intensive system � � � � � � � � � � � � � � � � �

Security of 
revenue � � � � � � � � � � � � � � � �

Increase income � � � � � � � � � � � � � � � � �

Decreasing 
workload � � � � � � � � � � � � � �

External 
assessment � � � � � � � � � � � �

Producer identity � � � � � � � � � � � � � � � � �

Patrimonial value � � � � � � � � � � � � � �

Comply to policy 
trend � � � � � � � � � � � � � � � � � � � � �

Preservation of 
nature � � � � � � � � � � � � � �

Landscape � � � � � � � � � � � � � � � � � � � � � �

�
 strongly 
positive

 weakly 
positive �  positive weakly 

negative very weak�
strongly 
negative �  negative

 
Table 3.36 : Results of the evaluation of the motivations in Comunita Collinare (Friuli Venezia Giulia). 
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Anticipated impact signed in the same sense that farmer's motivation : Motivation value : Scale :
T1 = Anticipated impact on time 1 T3 = Anticipated impact post-decision-time (3) E = motivation value noted by expert -3 -2 -1 1 2 3
T2 = Anticipated impact on decision-time (2) means "=" F = motivation value cited by farmer � � � �

E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5

Technical mastery � � + = = + � � 0 = + � � � + = = � - = � 0 + +
Intensive system � + � - = = � � � � + + + + �

Security of revenue � � + + = + � + + + � � � � - = � � + + +
Increase income � � + = = + � � + + + � � � � + + + - =
Decreasing workload � + = = + 0 = + � � � � � � + + + + � + = � � + + +
Preservation of nature � � + + = + � + = = � + + � � + = = � � + + + + � + = � + + + � � + + +
Landscape � � + + = + � + = + � � � � � � + + + + � � + = � + + + � � + + +
Patrimonial value + + � + + = � � - = � � + = = � � � �

External assessment � + = � - + � � � + = �

Producer identity � � + = = + � + = - � � � � � + + + + � - = �

Independence � � � � + + = � - = � � � + + = + � � �

E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5

Technical mastery � � 0 = + + � � + = = + � 0 + � � + + = +
Intensive system � � 0 = = = � � - = = + � �

Security of revenue � + + + + � + + - + � � + + � + = = =
Increase income � + + + + � � + + - + � � - + � � + = = +
Decreasing workload � � 0 = = + � + = = + � + + = +
Preservation of nature � � + + + + � � + + + + + + � � + + = +
Landscape � � + + = + � � + + + + + + � �

Patrimonial value � � 0 + + + � � + + + + � �

External assessment + + + � + + + = � � 0 = � � 0 + = =
Producer identity � 0 + + + � � - = = = � � 0 + �

Independence � 0 + + + � + + + + 0 + � �

Adopter 18 Adopter 11 Adopter 19 Adopter 9 Adopter 47Adopter 5 Adopter 21 Adopter 3

Adopter 17Adopter 10 Adopter 58 Adopter 1

 
Table 3.37: Results of the phase 2 interviews in Comunita Collinare (adopters of measure A2: conversion to organic farming). 
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Anticipated impact signed in the same sense that farmer's motivation : Motivation value : Scale :
T1 = Anticipated impact on time 1 T3 = Anticipated impact post-decision-time (3) E = motivation value noted by expert -3 -2 -1 1 2 3
T2 = Anticipated impact on decision-time (2) means "=" F = motivation value cited by farmer � � � �

E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5

Technical mastery � � - � � � + = = � 0 = = + � � 0 = � � 0 =
Intensive system � � � � � � - = � � = � + =
Secure the revenue � � � � � - - � 0 = � = � 0 = � � + =
Increase income � � � - + � � � - - � = � 0 = � � - =
Decreasing workload � � � � � � - = = � + = � + + = + � 0 = � � + =
Preservation of nature � � + � 0 + � � � � + + + � � + = � + + = + � � + =
Landscape � � � 0 + � � � � - = � � + = � + = + � � 0 = � � + =
Independence of 
decision � � + � � � � + = + � � = � � + = � 0 =
Producer identity � - - � � 0 = � - = � = � + = � � - =
Patrimonial value � 0 � � � � � 0 + = � � + = = � � + =
External assessment � + - = � � + + + � + = � + + = + � 0 = � + =

E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5 E F T1 T2 T3 T5

Technical mastery � � - = � � + = + � � 0 = +
Intensive system � � � + = -
Secure the revenue � � � 0 = - � + = +
Increase income � � � + + + � � � - = =
Decreasing workload � � - = � � � + = + � 0 = =
Preservation of nature � � + + + � + = + � + = +
Landscape � � + = � + + + � � � � + = +
Independence of 
decision � � � � + + � + = +
Producer identity � � - = � � 0 = +
Patrimonial value � 0 = � � - = +
External assessment � � � � + = +

Non adopter 2

Non-adopter 44

Non-adopter 54 Non-adopter 45 Non-adopter 37Non-adopter 59

Non-adopter 55

Non-adopter 57 Non-adopter 42 Non-adopter 52

Non-adopter 14Non-adopter 48

 
Table 3.38: Results of the phase 2 interviews in Comunita Collinare (non-adopters) 
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3.5 Investigation of statistical links between the motivations and 
social and economic indicators 

3.5.1 Principles of the approach 
The investigation of links between farm socio-economic indicators and farmer motivations is a key 
element for extending the analysis of the farmers interviews to a larger population than the 
interviewed ones. Such an extension is required in order to use the results in a model involving a 
larger population than the interviewed one. 

In general, more or less complete socio-economic data bases of socio-economic data of the farm 
population are available. If a link between some of these available socio-economic indicators exist, 
then it is possible to associate to each socio-economic description of a farm, the likely motivations of 
the farmer.  

One can expect that the statistical link between the indicators and the motivations will be weak, 
because it would be really surprising to find a kind of determinism linking these two types of 
variables. It is very likely that the motivations depend also strongly on different psychological and 
historical aspects on which no data are available. 

We investigated this statistical link using stepwise linear regressions, which choose the relevant 
variables in a linear model. 

Considering a set of socio-economic indicators ),...,,( 21 nVVV , and a motivation M we investigate 
linear models of the form : 

  βααα ++++= nnVVVM ...2211  

Where ),...,,( 21 nααα and β are scalar. 

The indicators used are presented in the table “indicator description” below. The availability of the 
indicators depends on the region of study. It must be noticed that we investigated also indicators that 
were available from our interviews, but not in the usual socio-economic data bases. The reason is that 
it was interesting anyway to detect this type of links, even though we knew it was impossible to use 
them for the dynamic social model on a whole population. In the dynamic model, more rough models 
would then be used. 

The results presented below were obtained by a stepwise forward regression, which tests all possible 
linear models with only one variable V, selects the best, and then all the models when adding an new 
variable, and so on until the situation where adding a new variable does not bring enough 
improvement to the model (according to an information criterion). 

The accuracy of the model is given mainly by the R squared variable which expresses the percentage 
of variance explained by the model. This gives us the indications on the remaining noise of the model 
which must be added in the generation of farmer motivations. 

This implies that some randomness is introduced into the determination of the motivation within the 
considered generated population. 

3.5.2 Comments on the results 
The first results of statistical models are given in the tables 3.39, 3.40 and 3.41 below. The indicators 
are presented horizontally, and the motivations vertically. For each motivation, the results for the 
different zones of study are presented together. In some cases, different populations of farms are 
considered for one zone of the study. This is the case in Auvergne, where two different populations are 
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considered (organic farming and “mesure locale” Haute vallée de l’Allier). In the case of Breadalbane 
ESA, the different populations come from different availability of some indicators.  

The grey boxes signify that the indicator was not available for the considered sample. In the white 
boxes a sign ’+’ or ‘-‘ indicates that the considered variable has been found relevant by the stepwise 
regression, and the sign corresponds to the sign of the parameter of the regression. 

The first general comments are : 

• = Generally very few indicators are found relevant. 2 or 3 in general. Some are obviously related to 
non relevant specificity of the sample. 

• = The squared R are low in general (very few are higher than 0.5). 

• = There are almost no common variable selected for all the different populations. Such a result 
would have been a very good indication for the statistical robustness. 

Moreover, the size of the samples and the sampling methods lead to be very careful in the exploitation 
of these results.  
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0,06 pop1 - 57
0,54 pop2 + - + 28
0,34 pop3 + 29
0,52 1 + + + 28
0,23 2 + + 33
0,28 3 + + + 37

France - Isère 0.46 + + - + 27

Italie - 
Lombardie

0,08 + 30
Italie - Friuli 0,11 + 28

- pop1 57
0,35 pop2 + - - 28

- pop3 29
0,21 1 + - 28
0,17 2 + - 33
0,11 3 - 38

France - Isère 0.39 - + 27

Italie - 
Lombardie

0,24 + - - 30
Italie - Friuli 0,23 - + 28

0,15 pop1 + - + 57
0,31 pop2 + + 28
0,35 pop3 + - 29
0,58 1 + + + 28
0,50 2 + + 33
0,58 3 + + + 37

France - Isère 0.11 - 27

Italie - 
Lombardie
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France - 
Auvergne

UK - 
Breadalbane
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Y 
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N
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France - 
Auvergne

UK - 
Breadalbane

LA
N
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C

A
PE

France - 
Auvergne

UK - 
Breadalbane

 
Table 3.39 : Results of the stepwise linear regression linking the social and economic indicators to the motivations. 
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0,40 pop1 + - 57
0,26 pop2 - 28
0,29 pop3 + 29
0,41 1 + - 28
0,45 2 + - - 33
0,23 3 + - 38

France - Isère 0.36 - + 27

Italie - 
Lombardie

0,12 + 30
Italie - Friuli 0,19 - 28

0,18 pop1 + 57
0,68 pop2 + + + 28
0,20 pop3 + 29
0,26 1 - + 28
0,33 2 - + - 33
0,35 3 - + - 36

France - Isère 0.57 + + + + + 27

Italie - 
Lombardie

0,52 - - - 30
Italie - Friuli 0,19 + 28

0,41 pop1 - - + - 57
0,65 pop2 - - - - 28
0,32 pop3 + - 29
0,56 1 - + + + 28
0,39 2 - + + 33
0,45 3 + - + + + 36

France - Isère 0.47 + - + - 27

Italie - 
Lombardie

0,32 - - - 30
Italie - Friuli 0,39 - - 28
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C
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A
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M
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Auvergne

UK - 
Breadalbane
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UK - 
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France - 
Auvergne

UK - 
Breadalbane

 
Table 3.40 : Results of the stepwise linear regression linking the social and economic indicators to the motivations. 
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0,35 pop1 - + + 57
0,54 pop2 + 28
0,16 pop3 + 29
0,10 1 - 28
0,11 2 - 33
0,11 3 - 40

France - Isère 0.41 + + + - 27

Italie - Friuli - 28
0,21 pop1 - + 57
0,29 pop2 - + 28
0,38 pop3 - + 29
0,11 1 - 28
0,15 2 - - 33
0,07 3 - 36

France - Isère 0.41 + + + 27

Italie - Friuli 0,11 + 28
0,24 pop1 + 57
0,38 pop2 - + + 28
0,34 pop3 + 29
0,43 1 + 28
0,44 2 + 33
0,43 3 + 37

France - Isère 0.51 + + + 27
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C

IA
L 

R
EW

A
R

D

France - 
Auvergne

UK - 
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A
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France - 
Auvergne

UK - 
Breadalbane

 
Table 3.41 : Results of the stepwise linear regression linking the social and economic indicators to the motivations. 
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3.6 General discussion about the data collection results 

3.6.1 Informational process and influences 
The data collection provided several important insights about the informational process of the farmers. 
In particular, it appears that a majority of adopters have been active and searched for more information 
immediately after the hearing the first time about the measure. Moreover, the adopters consider that 
they had enough information to evaluate the impact of the adoption on their farm. 

A minority of adopters did not look for information, but this is preferentially in the sites where the 
farmers were systematically visited by a technician who explained the measures. 

On the contrary, the non-adopters tend to be passive, and a majority of them do not feel that they have 
enough information to evaluate the impact of the measure on their farm. In this case, the decision of 
non-adoption (or non interest) tend to be mostly influenced by the colleagues and the family. 

These results show a good robustness for all the study zones, and tend to prove that farmers have in 
general some a priori interest or non-interest for the measure, which leads them to search for more 
information.  

The relatively high frequency of discussions among farmers about adopting an agri-environmental 
scheme, and the fact that this frequency is similar for adopters and non-adopters lead to consider that 
the discussions among farmers may influence their decision to look for more information or not. 

3.6.2 Global relevance of the multi-criteria description of the decision 
We considered that the a priori view of the farmer can be well summarised into a set of motivations, 
and the corresponding anticipated impacts.  

The analysis of the results show that the adopted framework gives a better understanding of the 
decision. The breakdown in different impacts and motivations brings a description of the possible 
trade-offs which are made, or to identify the situations in which the global picture is totally positive or 
negative. 

A variety of situations appears, in which the personal profile of the farmer and the characteristics of 
the farm are taken into account. 

The interest of the project steering committees for this type of representation confirms this view. 

However, several limits of the method must be underlined : 

• = the method we developed to evaluate the motivations does not allow one to compare the values of 
different motivations because they have been evaluated independently from each other. Therefore, 
they do not allow one to predict how the trade-offs are made by the farmers. To achieve this, other 
methods like the “trade-off” method used in marketing could be an interesting way of research. 

• = The comparison of the expert and farmer motivation evaluations are very difficult. There are 
problems of scale, of understanding, of communication strategy by the farmer. Moreover, the 
experts compared the actual actions of the farmers with his answers in order to evaluate the 
motivations, whereas the farmer simply answers about his general motivations. It is therefore not 
clear to make statements about the validity or robustness of the method for evaluating the 
motivations. 

• = The uncertainties on the impacts were not collected (except that it is included in the security of the 
revenue). This is a problem for the link to the model in which the uncertainty plays a major part. 
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3.6.3 Statistical link between the socio-economic indicators and the 
evaluation of motivations 

The attempt to derive linear models predicting the motivations from a set of socio-economic 
descriptors of the farms led to significant correlation in some cases. 

However, no regularity over the study zones was found. Moreover, the selected variables were not 
always robust for small changes in the sample. This leads to take these statistical results with much 
caution. 

A qualitative use of the results of motivation evaluation and the results of phase 2 interviews seems 
therefore more adapted.  

3.6.4 Social networks 
The two phase questionnaires bring some results about the farmers social networks. Two major types 
of interactions must be distinguished : 

Neighbourhood interactions, which take place at a high frequency (about the week).  

Professional interactions, which take place during particular professional events (exhibitions, 
markets…), at a lower frequency. 

Some important differences in the average number of neighbour or professional regular relations must 
be noticed, but the average number of links in a site is never higher than 5.  

These results must be considered with some caution because the samples are rather small in each zone. 
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4 The core model : theoretical and simulation 
results 

 

This chapter presents the core model which was elaborated during the project. Its main principles are 
related to the results of the data collection or to other models of the literature. The adaptation of this 
model to the specific study zones is the subject of the next chapter.  

During the project, the modelling activity particularly focused on four aspects : 

The information and decision process, which is characterised by 3 phases of interest (not interested, 
uncertain and interested), which lead to different behaviours and actions (especially related to the 
information search). The definition of these phases involves a representation of the uncertainty. 

The social networks, which include three different types of links, abstracted from the data collection : 
neighbourhood, professional and random. Each type of link is associated to a particular frequency of 
interactions. 

The diffusion of the discussions, which is inspired by the “two steps” model of the sociological 
literature. Particular nodes of the social network diffuse information or initiate the discussions, which 
then propagate. 

The social influence, which is based on continuous, uncertain opinions.  

We describe these different parts of models and some of their general properties, identified 
theoretically or through computer simulation. The general approach was to try to understand the 
behaviour of each part of the model independently, in order to have a better understanding of their 
coupling. 

The study of the global model is presented at the end of the chapter. It is based on simple hypotheses 
for the impact of the AEMs on the farms, and simple models of institutional involvement. 

4.1 Information and decision process 
As shown by the data in the previous chapter, the decision to join an AEM is a process which can take 
several years. This process involves information processing and social influences. The data show also 
that the attitude to the information can vary significantly, and that this attitude is highly related to the 
final adoption. The model extends the threshold innovation diffusion model, by taking these 
constraints into account. 

4.1.1 Uncertain evaluation of personal and social benefits 
Following the threshold innovation diffusion model, we consider that the decision is made by 
considering an evaluation of a personal and a social benefit. The personal benefit is related to the 
impact of the adoption on the farm (financial, technical, work…). The social benefit corresponds to the 
more general utility of the measure, for the environment or for the farming profession.  

In the innovation diffusion model, the social benefit is directly related to the number of adopters and 
non-adopters in relation with the considered agent. Our model is different: the number of adopters and 
non-adopters are not directly considered. 

The reason of this choice is that the adoption of the measure in one farm does not have a direct impact 
on the other farms (except for very particular measures). Therefore, the quantification of a benefit or a 
cost, like in the model of Young (Young 1999) does not seem relevant.  
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However, it appears in our interviews (especially in phase 2) that the decision of the farmer may be 
influenced by general social criteria (like the benefit for the environment, or the threat to the identity 
of producer), which must be taken into account in the model. 

Moreover, these evaluations of personal and social benefits are uncertain. In order to model this 
uncertainty, we consider that the farmer has an lower and an upper evaluation of his personal or social 
benefits. Let pb and pb are the lower and upper anticipations about the personal benefit, sb and sb  

are the lower and upper anticipations about the social benefit (of course the benefits can be negative). 

The initial lower and upper social benefits are initially drawn from a random distribution (normal 
means with a given percentage of extremists for instance). Then, the interactions among the farmers 
modify these values. 

The values of the lower and upper individual benefits are in general not initialised a priori (there is no 
value at the beginning). The first value comes from the first interaction with an agent which has a 
personal expectation, or from an institution if there is one which broadcasts messages about the 
personal (technical economic) interest for farmers, or if the farmer made an evaluation of the personal 
interest. 

4.1.2 Information and personal benefit calculation 
As shown by the data, the informational process seems important in  the decision.  

In the model, we consider that the farmers can have information about the measure or not. When they 
have this information, it can be used to compute their personal benefit evaluation (with some 
uncertainty). When then can be visited by a specialised technician, the personal benefit is evaluated 
with less uncertainty, and the farmer has the information. 

The social benefit is not computed (it only the result of social influences). 

We consider that the main source of information are the institutions (as shown by our surveys), but 
that farmers can also transmit information through discussions. 

In our simplest model, the information is represented by a boolean variable which is true when the 
farmer is able to evaluate by himself his personal benefit, false otherwise. 

4.1.3 Interest stages and connected actions 

4.1.3.1 Aggregated evaluation of the benefit 
In a first stage, we make the hypothesis that the decision is based on the direct aggregation of the 
individual and social payoff evaluations, like in the classical innovation diffusion theory. However, the 
difference is that in our model, we get a lower and an upper aggregated anticipation :  

The aggregated lower anticipation is sp bbG += (aggregation of the lower individual and social 

anticipations) 

The aggregated upper anticipation is sp bbG +=  (aggregation of the lower individual and social 
anticipations). 

4.1.3.2 Interest stages 
In the innovation diffusion theory, the farmer has only two decision states : if the weighted sum of the 
mean expected payoffs is superior to a threshold, then the individual adopts, otherwise he does not.  

The collected data show that the situation is more complex : some farmers who showed some initial 
interest take a long time to make their final adoption decision. In the not-yet-decided sample, several 
farmers seem to be still too uncertain in their anticipations to make a final decision.  
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In order to take these data into account, we defined an intermediate interest stage between “interested” 
and “not-interested”, which we called “uncertain”. 

More precisely, considering T, an interest threshold, we define the interest stages as follows : 

If TG < then, even the most optimistic prevision is below the threshold. Therefore the adoption is not 
considered as interesting. This stage is denoted : not interested. 

If TG ≥ and TG < , then the optimistic prevision is above the threshold, but the cautious prevision 
is below. The adoption could be interesting, but it is not certain. This stage is denoted : uncertain. 

If TG ≥ , then the cautious prevision is above the threshold, it means that the adoption is interesting. 
This stage is called : interested. 

4.1.3.3 Actions related to the interest stages 
A very important difference with classical innovation diffusion theory must be mentioned here : the 
interest stages do not determine adoption directly. They determine the actions that the farmer is more 
likely to perform.  

Again, this choice is inspired by the data collected. They show clearly that the attitude of farmers with 
respect to the information is highly variable. We made the hypothesis that the farmers tend to be more 
active and search information when they are interested or uncertain. On the contrary, non interested 
farmers tend to be passive and not look for information. 

The links between the interest stages and the actions (summarised on figure 4.1) are the following : 

When a farmer is not interested : 

• = He discusses the measures with other colleagues (especially the social aspect) 

• = He does pay attention to the information because he is not interested 

When a farmer is uncertain or interested : 

• = he tends to go to information meetings 

• = if he gets the information he does a personal evaluation of the individual benefit 

• = if he has the information, he tends to broadcast it when he discusses 

When a farmer is interested : 

• = if he has the possibility, he applies for the administrative procedure 

• = if he completed the administrative procedure, and has been interested for a given number of steps 
(reflection time), then he adopts. This introduces a new parameter : the reflection time r. 

The definition of these actions within the model gives more possibilities to rely the model to available 
data (for instance audience to the meetings, number of contacts with institutions). 

However, one of the most important actions is not directly related to the interest stages : sending 
messages to the colleagues. 
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Figure 4.1 : Definition of interest stages and corresponding actions. 

The definition of the interest stages allows us to connect the dynamics of opinions and the dynamics of 
information diffusion. The main link is that the non interested farmers do not pay attention to the 
information, and therefore they tend to stop the information propagation. 

This model allows to interpret the main paths of information found in the data collection : 

A priori interested or uncertain farmers ask the institution about more information as soon as they hear 
about the measure. If they get this information, they make an evaluation of their personal impact. 
According to the result, their interest stage is changed. If they are still interested for a while, then they 
adopt. If they decide not to adopt, this is because their evaluation of the personal benefit is too low or 
too uncertain. 

A priori not interested farmers are not interested by the information, and they make a decision without 
evaluating precisely the impact on their farm. In the model, it means that it is based on the influence of 
others (mainly colleagues) about the social and personal benefits of adoption. 

The choices made about the decision process are connected to the main choice of the model which is 
to model the interactions among farmers and between farmers and other actors. Through these 
interactions the propagation of information and social influences take place, leading to changes of 
states and attitudes of the farmers. 

A very important part of the model, which is a part of the decision process, relies on the dynamics of 
interactions and influences. We focus now on this part of the model, beginning by the social network. 

4.2 The model of social network 

4.2.1 Principles of the model 
We propose a schematic model of farmers’ social networks, which is inspired by the results of the case 
studies. This model is based on the distinction between three types of links: 

The neighbourhood links connect two farmers living close to each other. Farming is a public activity, 
neighbourhood interactions happen in day-to-day work, and have a frequency which is typically once 
to a few times a week. 

The professional links connect with higher probability farmers with similar farming systems and in the 
same commune group, or related to the same larger city. The interactions happen in markets or 
professional organisation meetings, and their frequency is typically around once a month.  
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Other links connect farmers separated by larger distance. These links can be established for many 
reasons (neighbours or close colleagues in previous periods, older friendship, family…), and have a 
random character. Considering that these links are at a larger distance, the frequency of contacts is 
lower than the previous one. 

These networks show some similarities with the small-world networks of D. Watts (Watts 1999). 
Small-world networks involve a set of densely connected sub-networks, connected to each other by a 
low density of random links. However, our models are more complex than Watt’s because of the co-
existence of different types of social links that we synthesise into three classes. 

4.2.2 Generation algorithms 
We adapted the algorithms proposed by D. Watts (Watts 1999) to generate the social networks. The 
parameters we need to determine the global networks are:  

• = The mean neighbourhood’s connectivity: ln  

• = The maximum distance for neighbourhood links: ld  

• = The mean professional connectivity: pn  

• = The equivalence relation for professional links: ),( jiπ  

• = The mean random connectivity: on  

Let N be the total number of farmers. The algorithm of social network generation, inspired from the 
beta-model algorithm of Watts (Watts 1999) includes the following steps:  

For the neighbour network, consider all couples of farmers (i, j) such that the distance between farmers 
iF  and jF  is smaller than ld . Pick up at random Nnl *  couples among them if it is possible. 

For the professional network, the problem is different because the network is based on an equivalence 
relation ),( jiπ , which involves geographical and economic criteria. For each couple of farmers i and 
j, π(i, j) is true if they have the same farming system and they share the same area of agglomeration’s 
influence (in general the closest important town) else it is false (they are not members of the same 
professional class). In each equivalence class i , we choose cip nn *  links (where cin is the number of 
agents in the equivalence class i) at random. This ensures to get the right global number of links, and 
the same average number of links in each equivalence class. 

For the random network, we simply pick at random Nno *  couples of farmers. 

The social network structure is strongly correlated to the spatial distribution of the individuals, 
because the neighbourhood and professional links are defined through geographic neighbourhood 
properties.  

The complexity of the generation algorithms is in N2, which can be very slow for large populations of 
farmers (several thousands). We developed specific algorithms of lower complexity in this case. 

4.2.3 Exploration of the social network model 
The objective of this exploration is to understand how the main properties of the generated networks 
vary when the parameters vary. Then we aim at identifying typical networks to classify the study 
zones. To characterise the social networks generated, we use classical indicators from the Social 
Network Analysis research. 

4.2.3.1 Indicators used to characterise the networks 
The usual general indicators are:  
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Global connectivity of the network k: opl nnnk ++=  

Global density of the network ∆:  
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Where N is the population size. The network’s density is the number of existing links upon the number 
of possible ones. The most widely used indicators elaborated indicators were developed by the social 
network research ((Sabidussi 1966), (Freeman 1977), (Anthonisse 1971)) are:  

Closeness centrality states how close an individual is to the others in the network. The indicator has 
been developed by ((Bavelas 1950), (Harary, Norman et al. 1965), (Sabidussi 1966)). Let d (i, j) be the 
length of the minimum path linking individuals i and j. The closeness centrality CC (i) of an individual 
i, is then given by: 
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As this classical indicator applies to connected graphs and as we are not always within this case, we 
have to redefine it to take into account different sub-networks taking into account their relative size. 
Then the closeness centrality index becomes :  
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Where Ni is the size of the connected sub-network of i, and the sum of the distance to other individuals 
is calculated only on the connected sub-network. 

Betweenness centrality ((Freeman 1977), (Anthonisse 1971)), aims at evaluating the strategic 
importance of an individual related to the information paths. Its calculation, for an individual, is based 
on the sum of the shortest paths linking every couple of individuals in the network, this individual is 
apart. The betweenness centrality CB of an individual i, is then given by: 

  
∈≠≠
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Let σjk (i) denote the number of shortest path from j to k that some individuals i lie on. σjk denotes the 
number of shortest paths from j to k. We use the Brandes’ algorithm to compute the betweenness 
centrality (Brandes 2001). 

The distributions of these two indicators among the whole population give insights about to which 
degree social networks are clustered and how close two individuals picked at random are on average. 
In the following, we note CC  and CCσ respectively the mean and standard deviation of the closeness 
centrality indicator among the population. Identically, we note BC  and BCσ the mean and the standard 
deviation of the betweenness centrality indicator among the population. 

4.2.3.2 Set of networks explored 
We chose to study specific cases, close to the interviews results. We chose the following varying 
variables: the number of local clusters, the kind of spatial cluster, if each one of them looks centralised 
(for example near a town-centre as a classical scheme of the French villages) with less and less 
individuals when we go far away of the town-centre or uniformly distributed around the town-centre, 
with approximately the same effective inside the town and in the countryside around (as in the Italian 
country-side). We chose for each type of links three plausible values of average links number. Each 
one of the possible combinations has been run ten times. The different values tested for the simulation 
are summarised in the following table. 
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Variable Simulation values 

Spatial clusters Around 9, and around 49 

Type of spatial clusters Centralised, not centralised 

nl 1, 3, 5 

np 0.5, 1.5, 2.5 

nr 0.5, 1.0, 1.5 

Table 4.1 : The different sets of variables tested, each combination is run ten times 

4.2.3.3 Results 
As we can see when we compare the centrality score indices for each type of links, some types of links 
are more linked to closeness centrality than others (Fig. 4.2). 
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Figure 4.2 : The sets of parameter values, represented in coloured squares at the bottom of the figure, 
are ordered according to the average closeness centrality of the resulting networks. The results of 
closeness centrality are the average over 10 generated networks with the same set of parameter 
values. 

The results of figure 4.2 show that the closeness centrality increases with the global connectivity of the 
network. One can notice that the centrality grows much faster when the global connectivity is low. The 
transitions from a 0.5 to 1 random link leads to a sharp increase of the closeness centrality. 

In these simulations, the number of clusters and whether they are centred or not do not influence 
significantly the properties of the generated network. This result may be due to the fact that the chosen 
number of professional and random links is relatively high. Therefore, the spatial distribution and the 
particular clustering of the neighbourhood network are less significant.  

 The results for the betweenness centrality show also a global dependence to the connectivity, but 
inverted : the betweenness centrality grows when the average connectivity decreases (see figure 4.3). 
This can be explained because the when there is a large number of links in a network, it becomes more 
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difficult to be in strategic positions (see (Watts 1999)). We note that the standard deviation over the 10 
simulations is much higher for the small connectivity networks. 
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Figure 4.3: The sets of parameter values, represented in coloured squares at the bottom of the figure, 
are ordered according to the average betweenness centrality of the resulting networks. The results of 
closeness centrality are the average over 10 generated networks with the same set of parameter 
values. 

4.2.4 Concluding remarks about the model of social network 
This first exploration of the social network model leads to the following conclusions : 

When the number of neighbourhood links is small (1 link in the simulations), and the professional and 
random links remain also small, the is high variability of the network centrality indices (for both 
closeness and betweenness centrality). 

The random links have a slightly higher effect than the neighbourhood links.  

The spatial distribution does not have much impact on the centrality, in the tested region of 
parameters. 

4.3 Propagation of discussions and information 

4.4 Rationale 
In classical innovation simulation models, the individual states are updated in a random order (with a 
uniform probability on all individuals). This approximation neglects particular dynamics of 
propagation that discussions have, depending on the social network structure, and on the particular 
farmers who are preferential targets of institutional messages. 
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We propose a simple mathematical function, which aims to represent the dynamics of discussion 
propagation. This function supposes that the average frequency of the discussions related to each link 
of the social network is specified.  

The model of the dynamics of discussions is based two variables affected to each farmer: 

• = The proportion of his social network the farmer wants to discuss with, 

• = The current proportion of his network he already discussed with. 

When an event happens to a farmer, we consider that the proportion of his network he wants to talk to 
is 1-γ where γ=is a parameter of the model. According to the frequency of discussions he has with the 
people of his network, each time step, he will discuss about the measure with some of them, and the 
current proportion of his network he discussed with is incremented accordingly. He stops talking about 
the measure when both numbers are equal. 

The people he discussed with have then their proportion of their network they want to discuss with 
which is put to 1-2γ. And then it continues if 1-2γ is positive. The next farmers have this number put to  
1-3γ, and so on. 

The main hypotheses behind this model are: 

• = The discussions about the AEM do not change the usual frequency of interactions. Farmers simply 
use the usual interactions to discuss about the AEM. 

• = The number of people reached by the discussions increases and then diminishes, with a rapidity 
controlled by the parameter γ. 

4.4.1 Mathematical expression of the dynamics 
More formally, we define: 

iτ  is the proportion of iF ’s social network he wants to discuss with 

iρ  is the proportion of iF ’s social network he has already discussed with (during the considered 
cycle) 

( )
kjjF

≤≤1
 the set of farmers belonging to iF  ‘s social network (of size k). 

( )
kjijf

≤≤1
 the frequencies of interactions per day between iF  and each of ( )

kjjF
≤≤1

 

] [1,0∈γ  is a parameter of information propagation decrease 

The interactions about the measure between iF  and each of ( )
kjjF

≤≤1
 are ruled as follows: 

At each step, we pick at random ( )
kjij ≤≤1

δ , 1=ijδ  with probability ijf , 0=ijδ  with probability 

ijf−1 . 

Considering each 1=ijδ in a random order, if 0>− ii ρτ , then: 

A discussion between iF  and jF  takes place (modifying the upper and lower expectations of each 
according to the previously defined rule) 

iρ  is incremented: 
kii
1+= ρρ  

If ii τρ =  then 0== ii τρ  
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jτ  is influenced by iτ : ),max( jij τγττ −=  

When a farmer iF  receives a message from outside (from an institution for instance), then we have: 

 iτ =1 

γ is therefore the only parameter ruling this dynamics. This parameter rules the depth of propagation of 
an event into the global farmer social network. 

4.4.1.1 Transmission of information 
The information transmission is ruled by a parameter ω., which indicates the probability of 
transmitting the information about the measure in a discussion or a meeting. When a farmer discusses 
about the measure and one of them has his Boolean at true, he will transmit the knowledge to the other 
with the probability ω. An other way to see it is that 1/ω is the average number of necessary 
discussions to get all the parameters (specifications of the measure, particular conditions of 
application, costs…) allowing the farmer agent to perform the lower and upper evaluations. The higher 
ω. is the faster the information propagates in the network. 

4.4.1.2 Qualitative description of the functioning 
To understand the mathematical rule, one has to imagine a farmer receiving a message of information 
about the measure. He then wants to discuss with 1-γ in his network. Each times he meets with a 
colleague, he talks about the measure and he gives this colleague the willingness to talk to the same 
proportion of his network minus γ (see figure 4.4). 

 It means that γ rules the depth of propagation of the discussions when an event happens to a farmer. 
This depth (number of different networks reached by the propagation) d of propagation is given by: 
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where E(x) denoted the closest integer inferior or equal to x. 

This model aims at representing especially the diffusion of discussions when a particular farmer is 
exposed to the media, or to institutional messages.  

An important point is that this discussion propagation can also be launched by a farmer on his own 
initiative, for instance if he adopted, or if he made a more precise calculation of his individual payoff. 
However, the opportunity to implement this type of process has to be evaluated in the light of the 
analysis of each study zone.  

 
Figure 4.4 :Two examples of propagation of discussions with γ = 0.2 in the same network. The nodes 
of the graph represent farmers and the links correspond to their relationships. The red arrow indicates 
the farmer who first recieved a message from an institution. The red links indicate discussions that 
happen at the first step, then the orange links correspond to discussions of the second step, and finally 
yellow links correspond to discussions of the third step. We can see the effect of the farmer’s position 



IMAGES project – Final report – version 2  

   

111 

in the network. In the left case, the total number of discussions is 3, and the right case, the total 
number of discussions is 8. 

The algorithm of discussion propagation rules the information diffusion process. In this section, we 
consider only a population of N individuals connected through a social network and an institution, 
which broadcasts the information to selected individuals in the population.  

In particular, we are interested in optimising the choice of these individuals in order to broadcast the 
information to almost the entire population. The first step is to evaluate the individual capacity of 
diffusion of each element of the network. 

It is important to notice that in this study, we consider that the individuals always tend to broadcast the 
information they have. 

4.4.2 Determination of the best diffusers in a network 
This algorithm of discussion propagation offers the possibility to identify a set of “optimal diffusers” 
which can be chosen as preferential targets in order to broadcast information. We now describe how 
this set of optimal diffusers is determined. The calculation involves three steps : evaluation of the 
probability to be reached by a single source, evaluation of the probability to be reached by several 
sources, and then from these calculation, the procedure which selects the best diffusers is defined. 

4.4.2.1 Probability for an individual to be reached by a source 
The first step is to calculate the probability for any individual j to be reached by the information 
broadcast from individual i. 

 Let Ti, be the tree of all the possible ways for the information to propagate from a source i. Each path 
of Ti will represent a possible diffusion path of the information without redundancy on the individuals 
(within this frame an individual plays the role of information source with associate diffusion 
probabilities, and can not be reached again be the information he broadcast). Each link of Ti represents 
a relation between two individuals. An individual j, can then appear in different part of Ti, because 
several paths may lead from i to j. Each path from the root to the leaves corresponding to a possible 
information propagation path, all the possible propagation paths are then represented in this tree, and 
the nodes are sorted according to this propagation. (Fig. 4.5). 

 
Figure 4.5: Transformation of a social network with i as an information source, into its tree Ti. 

 

Definition: Let K be the set of individuals connected to i, jif ,  the frequency of interactions per day 
between i and j. We define ji,φ  the relative frequency of interaction between i and j, considering the 
network of i by: 
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Let γ be the diffusion decrease in the network and ω is the information diffusion rate. From the root to 
each leaf we can then compute the probabilities associated to each node j of Ti of the path l. We then 
have  pi=1-γ for i the source of the information. On a given path l, given k the length of the path l 
linking i to j, l being re-indexed between 1 and k, we note: 

)( ji→ the event corresponding to the reception by the individual j of the information from the 
individual i.  

→ )( ji l  the event corresponding to the reception by the individual j of the information from the 
individual i following the path l. 

)( jip →  and → )( jip l are then respectively their probabilities to occur. We have : 
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−−=→
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The diffusion probabilities to an individual j on the different paths are independent. Its effective 
probability for receiving the information is then: 

→ )()( jipjip l
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where Pj is the set of paths in Ti containing the individual j and ∪  the cumulate probabilities function.  

4.4.2.2 Probability for an individual to be reached by several sources 
The probability for an individual to be reached is given by the probability of the disjunction of the 
probability to be reached by the different sources. 

Theorem: Let ( )kssS ,...,1=  be k sources of information broadcast. Let T=(T1, …, Tk) be the 
corresponding trees. The probability for individual i to be reached by the information satisfies: 

 �
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4.4.2.3 Selection of sources in order to optimise the diffusion 
For a given social network, we are interested to select a minimum set of sources allowing to reach a 
percentage P0 of the network with at least a given probability p*. The following algorithm selects sets 
which approach the minimum. However, there is no guarantee from this procedure to reach the real 
optimum set of sources. The determination of this optimum would require to solve a huge 
combinatorial problem. 

Procedure for optimal sources selection : 

Let { }=0S  and nS  be the selected set of sources at step n. Let rn be the number of agents reach by 
the sources nS  with a probability higher than p*. 

At each step, we select in the population the source s such that the number of supplementary agents 
reached by the set { }sSn ∪  reaches the highest number with a probability higher than p*. 

We stop the algorithm when the threshold proportion P0 is reached. 

Since this procedure is only sub-optimal, we made simulations in order to qualify it. 

4.4.2.4 Simulation results for generated networks 
Figure 4.6 gives an example of optimal sources. 
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Figure 4.6:  Best sources selection : on the left, the global network, on the right, the network of the 
best diffusers. The network involves 500 nodes and the select sources allow to reach 80% of the 
network, with a probability higher than 0.2. The simulation is done for γ = 0.3, which means that the 
discussions propagate with a depth of 2 in the network. 

Figure 4.7 shows the number of best sources as a function of the average connectivity in the network, 
for the set of network described in the previous section. We note that the number of optimal sources 
decreases with the average connectivity. Even with relatively low connectivity (2), 10% of the sources 
are sufficient to reach 80% of the network, with a probability of more than 0.2.  
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Figure 4.7 : The parameter sets are ordered according to the number of optimal sources needed for 
80% of the population to have a probability greater than 0.2 to be reached by the information.  N = 
500, ω = 0.9, γ = 0.3. When the number of optimal sources is 10, this means that each optimal source 
allows to reach around 40 other agents in two steps (on average). 

We note that the number of most efficient sources is the highest when the connectivity is small. When 
the average number of neighbourhood links is 1, we note the dramatic effect of the changes in the 
number of random links. This effect seems even more striking than in the curve of centrality indices. 
The central part of the curve, corresponding to the average number of neighbourhood links of 3 show 
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significant effects of the different values of professional or random links, but the increase is quasi 
linear. The third part of the curve, corresponding to 5 neighbourhood links on average show very small 
variations of the number of optimal sources. 

One can expect some link between the best diffusers and the centrality indices. In order to investigate 
this link, we tried to determine whether the best diffusers are among the individuals who have a high 
centrality in the population. We calculated the ranks of each best diffuser in the population ordered by 
decreasing centrality. The results is given on figure 4.8. 

These results are is more complex than expected : The best diffusers tend to be chosen among the 
individuals of the highest closeness centrality, but it is not always the case. In particular, when the 
connectivity is low, there seem to be no correlation between the best diffusers and the highest 
closeness centrality. 

This can be explained by the fact that when the connectivity is low, the individuals of the highest 
centrality tend belong to the same biggest connected sets of the population. The optimal diffusers 
cannot be chosen all inside this group, and there is a need to choose less central agents in order to 
reach the more isolated parts of the population. 
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Figure 4.8: Mean rank of the optimal sources in the increasing closeness centrality. The chosen 
optimal sources tend to be chosen among the individuals with the highest centrality, especially when 
the connectivity is high, but not always. The lowest connectivity networks lead to optimal diffusers 
which are not necessarily the most central. 

4.4.3 Concluding remarks about the discussion diffusion 
The proposed model of discussion diffusion was designed to take into account the two steps model of 
the sociologists in the innovation diffusion : some particular agents are more in contact with the 
information and diffuse it in the network. 

With the hypothesis of the decreasing diffusion of the model, one can identify the minimal sets of 
sources which allow to propagate to almost the whole network. We showed that the choice of these 
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optimal diffusers are chosen among the most central actors when the network is highly connected, but 
it is not the case when the network is poorly connected. 

These results lead to consider that the density of the farmer networks is a factor that must be taken into 
account when designing information campaigns. A more important effort is necessary when the 
network is sparse. 

.However, we must verify that this conclusion holds when the global model of decision process is 
considered. Before that, we focus on the other part of this process : the dynamics of social influences. 

4.5 Social influences 
In the previous section, we explained how the discussions propagate in the model. In this section, we 
consider the model of interactions : how do the discussions modify the state of the farmers ? Several 
possibilities are studied. We describe them beginning by the simplest ones, and explain how we 
selected the model which was applied to the case studies. 

4.5.1 Interactions on Upper and lower anticipations 
The uncertainty is a key element in the farmer’s decision. It is therefore important to take it into 
account in the model. A frequent way  to represent the uncertainties is to use an interval between a 
lower and upper value. The lower and upper values can correspond to the limits in which the expected 
value is likely to be located. Sometimes, the interpretation of the bounds includes a subjective utility 
evaluation (like in Walley’s interpretation (Walley 1998)). 

Most models about opinion dynamics (Föllmer 1974; Arthur 1994; Orléan 1995; Galam 1997; Latané 
and Nowak 1997; Weisbuch and Boudjema 1999), are based on binary opinions which social actors 
update as a result of social influence. Binary opinion dynamics under imitation processes have been 
well studied, and we expect that in most cases the attractor of the dynamics will display uniformity of 
opinions, either 0 or 1, when interactions occur across the whole population. This is the ``herd'' 
behaviour often described by economists (Föllmer 1974; Arthur 1994; Orléan 1995). Clusters of 
opposite opinions appear when the dynamics occurs on a social network with exchanges restricted to 
connected agents. Clustering is reinforced when agent diversity, such as a disparity in influence, is 
introduced, (Galam, Chopard et al. 1997; Latané and Nowak 1997; Weisbuch and Boudjema 1999).  

The models based on continuous opinions appears much less interesting because the natural dynamics 
lead to homogenisation towards the average initial opinion (Laslier 1989; Latané and Nowak 1997).  

Considering uncertain continuous opinions, or segments of uncertainty on a continuous axis offers 
new possibilities for defining interaction dynamics which lead to various types of clustering.  

4.5.2 Case of a constant uncertainty and a uniform distribution of the 
average expectations 

The study of this case is presented in (Deffuant, Neau et al. 2000). The hypotheses of the study are : 

• = we consider a population of agents with an initial mean opinion x drawn from a uniform 
distribution between -1 and 1, and the uncertainty is constant u. Therefore the upper and lower 
opinions of the agents are x+u and x-u. 

• = the agents interact in a random order : at each time step, a couple of agents is chosen at random 
and they influence each other, 

Let x and x’ be the opinions of a couple of agents. They influence each other if uxx <− ' , and the 
opinion adjustments δx and δx’ are ruled by : 

 ( )xxx −= 'µδ  
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 ( )'' xxx −= µδ  

The parameter rules the intensity of the social influence. In the simulations, it is comprised between 0 
and 0.5. 

4.5.2.1 Theoretical result in the case when all the agents are connected 
We consider the case where all the agents are connected to each other. This simplification allows to 
get a theoretical result about the evolution of the distribution of opinions. 

It supposes that the distribution )(xρ  of opinion is regular and stays regular when the agents interact, 
and that u is small enough to allow limited development. Then, it is possible to approximate the 
density variations )(xδρ . They obey the following dynamics : 

 ( )
2

23

)1(
2

)(
x

ux
∂
∂−= ρµµδρ  

The interpretation of this result is that any local higher density of opinions is amplified until all the 
values converge to the same point, and the places where the density is smaller tend to decrease.  

4.5.2.2 Simulation results for a uniform initial distribution of mean opinions 
We first performed tests on a population of agents with initial mean opinions uniformly distributed 
between –1 and +1. In fact, the following phenomenon was observed in the simulations : the highest 
density changes lie in both edges of the simulation. Therefore the amplification of the density begins 
in general by the edges (although some local variations of the density in the middle of the distribution 
may lead to some peaks also). However, the two peaks corresponding to the edges correspond to larger 
densities and they tend absorb smaller peaks that were formed in their neighbourhood. 

In summary, the simulations show that a rough evaluation of the number of peaks is, for a uniform 
distribution on an interval of width w : 

 
u

w
p

2max ≈  

We shall refer to this result as to the “w/2u rule”.  

Moreover, a rough symmetry in the configuration of the peaks can be observed. We now present some 
examples of simulations illustrating the model’s behaviour. 

In the following, 3D graphs represent the evolution of histograms of “opinion segments” defined from 
opinion x and threshold d by [x-d, x+d]. The z axis measures the number of agents which opinion 
segment include opinion x given along the x axis (see figure 4.9). One can show that the result is equal 
to the result obtained by an estimation of the density using a constant kernel with a window of size 2d.  

 
Figure 4.9 : Schema for the calculation of “opinion segments” histograms. The left figure represents 
the opinions segments (horizontal lines). We count the segments intersecting the vertical lines. The 
right figure shows the resulting curve. This representation is equivalent to a local averaging by a 
constant kernel with a window of size 2u . 
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Figure 4.10: Time chart of opinions (w = 2, u = 1,  µ = 0.5  N = 400). One iteration corresponds to N 
interactions between two agents. The left plot shows the evolution of the mean opinions. The right plot shows the 
evolution of the opinion segment histograms  
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Figure 4.11: Time chart of opinions for a lower threshold (w = 2,  u = 0.4  µ = 0.5  N = 400 ). One time unit 
corresponds to N interactions between two agents. The left figure shows  the average opinion evolution. The right 
figure shows the evolution of the “opinions segments” histograms. 

 

Computer simulations show that the distribution of opinions evolves towards clusters of homogeneous 
opinions (at large times). For large threshold values (u > 0.6) only one cluster is observed at the 
average initial opinion. Figures 4.10 and 4.11 represent the evolution of mean opinions starting from a 
uniform distribution. 

4.5.2.3 Other results in the case of constant uncertainties  
We did also some studies for this type of dynamics across a social network. The number of clusters is 
increased. We also considered the case of vectors of opinions, in which the clustering can become 
extreme (see (Deffuant, Neau et al. 2000) for more details).  

We made some investigations in the case of two different uncertainties that remain constant with the 
same dynamics. We obtained some generic results about the clustering, which are based on the 
application of the w/2u rule with precaution. The long term behaviour depends on the larger threshold. 
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The short term behaviour, which might last for some significant is determined by the threshold of the 
most numerous population.   

4.5.3 Evolving uncertainties 

4.5.3.1 Considering the transmitted mean opinions as events of distribution 
A first possibility is to consider that the agents make statistics on the mean opinions which they 
receive, and use these statistics to adjust their own mean opinion and standard deviation. We are 
currently exploring such an approach. The first results show that there is the uncertainty of each agent 
decreases to 0 systematically. 

Although this direction of research seems interesting, it is clearly not a good direction for the problem 
of farmer decision making in which there is almost always a residual uncertainty, which is a very 
important aspect of the decision. 

Therefore, we privileged a different direction of work in which we consider that the farmers transmit 
their uncertainties as well as their average opinions, and we considered that they influence each other’s 
uncertainties. 

4.5.3.2 Averaging uncertainties 
The simplest dynamics of interactions, in which the agents influence each other’s higher and lower 
expectations when they interact, instead of their mean only. 

To be more specific, if agent's A opinion x averaged over its high and low values falls within the range 
of the other agent A’ expectations x’h and x’l, the modifications lxδ  and hxδ of A higher xh and lower 
xl expectations are given by the procedure:  

( )lll xxx −= '.µδ  

( )hhh xxx −= '.µδ  

Figure 4.12 exemplifies the influence of the “opinion segment” [ ]hl xx ','  on the opinion segment 
[ ]hl xx ,  for µ = 0.5 when the overlap condition is fulfilled. Note that in this case the new uncertainty 
becomes the average of the initial uncertainties. 

xl xh

x’l x’h

δxhδxl

 
Figure 4.12: Opinion influence of segment [ ]hl xx ','  on segment [ ]hl xx ,  when µ = 0.5. 

Figure 4.12 represents the evolution of opinions for these dynamics. Note the convergence of the 
distance of high and low opinions toward the average distance, as explained by the trapeze rule 
represented on figure 4.12 and the resulting convergence towards three clusters.  

If we consider the influences δd and δx of segment [ ]'',''' uxuxs +−=  on the mean x and uncertainty d 
of segment [ ]uxuxs +−= , , the averaging dynamics give (when uxx <− ' ): 

( )xxx −= '.µδ  

( )uuu −= '.µδ  

This dynamics is therefore a direct generalisation of the case with d constant. It seems appealing 
because of its simplicity. Moreover, its cognitive interpretation is that people who meet with confident 
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people tend to be more confident, and people who meet with uncertain people tend to be more 
uncertain, which seems reasonable. 

However, this dynamics presents a property which seems incompatible with a sound psychological 
interpretation :  there are discontinuities in the functions xδ  and uδ when x’ varies (for d’ fixed). 

This discontinuity is illustrated by figure 4.13. We see that when x’ moves from x to x+u, xδ  
increases linearly and then suddenly drops to 0, because suddenly the condition for the interaction is 
not fulfilled anymore. For udδ  there are also discontinuities at the same values of x’. 

0

x x+ux-u 

µ..u

|δu|

0

x x+ux-u 

µ.|u-u’|

|δx|

x’ x’
 

Figure 4.13 : Left : plot of xδ when x’ varies (bold lines). Right : plot of uδ  when x’ varies (bold 
lines). Note the discontinuities for x’=x+u and x’=x-u .  

The discontinuities of the influence are counter intuitive. One would expect that the influence of the 
others decreases progressively when their opinion segment gets further.  

4.5.3.3 Weighting the average by the level of agreement 
In order to avoid this problem of discontinuity in the influence, we consider that the influence is 
weighted by the level of agreement.  

We consider segment [ ]'',''' uxuxs +−=  and segment [ ]uxuxs +−= , . We define the level of 
agreement as the fraction of s’ overlapping s minus the fraction of s’ non overlapping s. 

The fraction h of s’ overlapping s is given by :  

'2
),''max(),''min(

u
uxuxuxuxh −−−++=  

The fraction of s’ which does not overlap s is 1-h. Therefore, the level of agreement α is : 

12 −= hα  

If 0>α  then the agreement outweighs the disagreement and we suppose that an influence takes place. 
The adjustments δd and δx of d and x are weighted by the level of agreement : 

( )xxx −= '..αµδ  

( )uuu −= '..αµδ  

If 0<α   the disagreement outweighs the agreement and we suppose that there is no influence (see 
figure 4.14). 
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x x-u x+u

x’+u’x’x’-u ’

h 1-h

x x-u x+u

x’+u’x’x’-u’

h 1-h  
Figure 4.14 : Weighted averaging dynamics : influence of segment [ ]'',''' uxuxs +−=  on segment 

[ ]uxuxs +−= , . On the left, the overlapping fraction h is larger the non overlapping fraction 1-h, 
therefore α>0 and s’ influences s. On the right, 1-h is larger than h, therefore α <0, and no 
interaction takes place. 

This modification in the dynamics changes significantly the behaviour of the model. We obtain 
functions of δd and δx which are continuous, piece wise linear or quadratic. However, the main effect 
of introducing the agreement is to give more influence to “confident” agents (low uncertainty). 
Moreover, when u’>2u, s’ has  no influence at all on s because α is then always 0. This corresponds to 
the common experience in which confident people tend to convince more easily uncertain people than 
the opposite (whereas their range of opinions are not too far apart). This dynamics seems therefore 
more plausible from a psychological point of view. 

We call this dynamics “weighted averaging” and we now explore its properties. 

4.5.4 Exploration of the dynamics of weighted averaging 

4.5.4.1 Representation of the densities  
One of the main differences with the simple averaging dynamics is that the final clusters may have 
their uncertainty segments which partially overlap. In such a case, the representation with of the 
segment density is not appropriate. Therefore, instead of counting the same value of presence for any 
part of the segment, we use a linearly decreasing function from the centre (the value of α for a 
segment of equal u). 

One can show that is all the segments have the same uncertainty d, this representation is equal to the 
evaluation of the density using the linearly decreasing kernel of size 2d. An example of result is given 
by figure 4.15. 

 
Figure 4.15 : Representation of the segment density for the averaging dynamics. The density is 
obtained by summing up the a functions (triangles) corresponding to each uncertainty segment. When 
all uncertainties are equal, one can show that it is equivalent to the approximation of the point density 
by a linear decreasing kernel. 
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Figure 4.16 : Example of evolution of the density of segments with the weighted averaging dynamics. 
The initial distribution of opinions is uniform between –1 and +1 and all agens have the same 
uncertainty : 0.3. Note theat the peaks slightly overlap. This never takes place with the simple 
averaging dynamics.  

4.5.4.2 Constant initial uncertainty 
The dynamics of weighted averaging gives the same results (in terms of clustering) than the simple 
averaging in the case of a constant initial uncertainty in the whole population : for an initial uniform 
distribution of mean opinions between -1 and +1, the w/2u rule applies (see figure 4.17). 

However, the number of clusters can be higher than in the case of the simple average because the 
mean opinions in the clusters can more easily be distant of less than 2u.  
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Figure 4.17: Plot of the average cluster number function of w/2u. Each dot represents the number of 
clusters averaged over 10 simulations.  

4.5.4.3 Random mixing of confident and uncertain agents 
We first observe the behaviour of the model for the case of a random mixing of confident and 
uncertain agents. Let u be the initial uncertainty of confident agents and U the initial uncertainty of 
uncertain agents. 
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In this case, the behaviour is also similar to the one of the simple averaging : the number of clusters is 
defined by the average uncertainty in the population. The only difference is that the average 
uncertainty is lower with this model than with the simple averaging, which for some values of u and U 
may lead to a larger number of clusters. The reason is that in the weighted averaging, the low 
uncertainty agents have more influence. We note that in general, some confident agents stay at the 
extremes of the distribution and do not go into any cluster. 

However, when one gives a particular location to the confident agents, then the weighted averaging 
dynamics shows different properties. 

4.5.4.4 Uniform distribution with total connection and presence of extremists 
We now suppose that the confident agents are the ones which have the most positive or negative mean 
opinions. This hypothesis can be justified by the fact that often people who have extreme opinions 
tend to be more convinced. On the contrary, people who have moderate initial opinions, often express 
a lack of knowledge and uncertainty. 

We define two categories of agents : the extremists, which are initialised with the low uncertainty and 
are at the extremes of the distribution, and the uncertain agents which have a high uncertainty and are 
located in the middle of the distribution (see figure 4.18). The initial distribution is therefore defined 
by : u the low uncertainty,  U the high uncertainty, ep  the proportion of extremists in the population. 
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Figure 4.18 : We suppose that the uncertainty is function of the mean opinion. The mean opinion 
uniformly distributed between –1 and +1. The proportion of extremists pe=5% with the low 
uncertainty u=0.1 and for the  uncertain U=0.8. 

With these hypotheses, three typical behaviours of the model can take place :  

• = the extremists do not influence the whole population and the biggest peak takes place at the centre 
(central convergence), 

• = the extremists win and attract the uncertain agents on the extremes, leading to two opposite groups 
(one positive and one negative) with low uncertainty (both extremes convergence),  

• = the extremists attract the whole population on one of the extremes (single extreme convergence). 

Figure 4.19 illustrates these behaviours. Note that it is not possible to obtain the same types of 
convergence with the simple averaging dynamics. The fact that the confident agents have a stronger 
influence than the uncertain ones is essential to get the attraction to the extremes. 

We defined some rules allowing us to automatically detect each type of convergence, and we explored 
the parameters in order to identify the values leading to each type. The results are given by figure 4.20. 

The following points about these results are noticeable : 
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• = Both extremes convergence is the most frequent in these experiments. The other types of 
convergence take place for small U or small pe. 

• = The single extreme convergence takes place only for pe =5% and U>1.1. In these cases, the 
uncertain agents converge first to a single central peak which interacts with both groups of 
extremists. If one of the groups is slightly more influent, it manages to attract the whole 
population. 

• = The central convergence for U=0.4 is more likely for pe =15% than for pe =5%, which seems 
strange. This can be explained because the uncertainty of the uncertain agents decreases more 
rapidly for pe =15%  to a value corresponding to a convergence to 3 peaks (with a central one). 
When pe =20%, the attraction of the extremists is stronger and this peak is less likely to appear. 

• = For pe =5% central convergence probability increases slightly when U is close to 1, and is 0 before 
and after. The reason is that for these values of the parameters, there is a convergence to a single 
peak with an uncertainty which is small enough to prevent the influence of the extremists. 

This type of behaviour can find some sociological interpretations in terms of influence of extremists. 
However, in such an interpretation, the hypothesis of a uniform distribution of mean opinions seems 
very artificial. Normal distributions of mean opinions seem more reasonable. We now explore the 
behaviour of the model in the case of normal initial mean opinions distributions. 
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Figure 4.19 : Three convergence 
configurations. The initial 
distribution of mean opinions is 
uniform betwen –1 and 1. N= 
400 , small uncertainty u= 0.1, 
µ  = 0.2. t represents the time in 
iterations (one iteration 
corresponding to N random 
encounters between two agents), 
nb represents sum of weighted 
segments at this point. 

Above : proportion of extremists 
pe = 15%, initial large 
uncertainty U = 0.4. The 
extremists attract a part of the 
population but the most 
important peak is central: 
(central convergence). 

Middle: proportion of extremists 
pe = 15%,  initial large 
uncertainty U = 0.7. The 
extremists win and the 
population converges to the 
extremes: (both extremes 
convergence). 

Below : proportion of extremists 
pe = 5%, Initial large 
uncertainty U = 1.4. The 
extremists win and the 
population converges to one of 
the extremes. Note the small 
peak of extremists on the left. 
We call this behaviour : single 
extreme convergence. 
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Figure 4.20 : Plot of the number of each convergence type obtained over 10 trials for different values 
of the large uncertainty (U) and the initial percentage of extremists pe. In these simulations N=400, 
µ=0.5, and the small uncertainty u = 0.1. The initial distribution of mean opinions is uniform between 
–1 and +1.The rules to define the types are:If the absolute value of the mean of the biggest peak is less 
than 0.5, then the type is central convergence.If not, then if the biggest peak has a density of more than 
250, then the type is single extreme convergence.Else the type is both extreme convergence. Note that 
for U= 0.4, the central convergence is more likely for 15% of extremists than for 5%. Moreover, for 
pe=5%, the probability of central convergence decreases when U increases, and then increases 
slightly for U close to 1, and then decreases again. 

4.5.4.5 Normal distribution with constant uncertainty and total connection 
First of all, it is important to study how the clustering properties of the dynamics evolve in the case of 
normal distribution of mean opinions in the simplest case : when the initial uncertainty is the same for 
the whole population.  
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Figure 4.21 : Plot of the number of clusters as a function of 1/d for a normal distribution for different 
values of  the standard deviation of the distribution. For d=0.5, the number of clusters is similar to the 
one obtained for a uniform distribution between –1 and +1. 

4.5.4.6 Centred normal distribution with total connection and presence of extremists 
The results of classification of the different convergence types when U and pe vary are given on figure 
4.22. We note that the central convergence is more likely to take place than in the uniform distrbution. 
Moreover, for small percentages of extremists, the central convergence takes place even for large 
values of U.  

Moreover, the single extreme convergence is less likely than for uniform distributions. 

These differences can be explained by the fact that, in a normal distribution, the majority of uncertain 
are closer to each other, and the extremists are further from them than in a uniform distribution. 
Therefore, there is a higher tendency for the uncertain agents to group themselves in the centre.  

The results with an initial normal distribution of the mean opinions seem more in adequation with the 
common experience of social systems : the single extreme convergence seem to be a quite exceptional 
event in the social systems. Therefore, the results advocate for the hypothesis of normal initial mean 
opinion distributions against uniform distributions.  
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Figure 4.22 : Top left : Plot of the mean distance to 0 of the segments after convergence. The other 
graphs : Plot of the number of each convergence type obtained over 10 trials. The initial distribution 
of mean opinions is normal of mean 0 and standard deviation 0.6 N=400, µ=0.5, and the small 
uncertainty u = 0.1. The rules to define the convergence types are: If the absolute value of the mean of 
the biggest peak is less than 0.5, then the type is central convergence.If not, then if the biggest peak 
has a density of more than 250, then the type is single extreme convergence. In these experiments, the 
central and both extremes convergences are much more likely than the single extreme convergence. 

4.5.4.7 Shifted normal distribution with total connection and presence of extremists 
In the previous experiments, we made the hypothesis that the initial distribution of mean opinions was 
centred. One can imagine that there are cases in which this hypothesis does not hold : the agents have 
globally a positive or a negative prejudice (see figure 4.23).  
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Figure 4.23 : Shifted distribution of opinions (the mean of the distribution is 0.2). The extremists are 
more numerous on the positive side 
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We can represent such a case by considering shifted normal distributions : normal distributions with 
non zero mean. In such a case, there are more extremists on the side where the density of agents is 
higher. 
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Figure 4.24 : shifted normal initial distribution of mean opinions. The centre of the initial distribution 
is 0.2. N=400, U = 0.6,  pe = 15%. The strange effect is the creation of a major peak which is slighly 
negative. On the positive side, the agents are attracted either by the extremists, either by the central 
biggest peak. 

Figure 4.25 shows the probabilities of getting the different types of convergence when U and pe vary. 
We note that the single extreme convergence is more frequent than for the centred distribution. We 
note also a small region for the small U (0.4) and large pe where the extremists are dominant.  

In the region of the central convergence, interesting global behaviour can take place. In the example 
shown on figure 4.24, the majority is close to the centre, but in the negative side, as a reaction to the 
presence of a large number of extremists on the positive extreme. This means that a large number of 
positive extremists may lead to a negative reaction of the moderate majority. However, this 
configuration is not totally stable for the given set of parameters : in some cases, the majority is on the 
contrary totally attracted by the peak of positive extremists. More investigations would be necessary to 
get a better understanding of this behaviour.  
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Figure 4.25 : Shifted normal distribution. The initial distribution of mean opinions is normal of mean 
0.2 and standard deviation 0.6 N=400, µ=0.5, and the small uncertainty u = 0.1 Top left : Plot of the 
average distance to 0 of the segments after convergence. The higher this distance, the more extreme is 
the population. The other graphs : Plot of the number of each convergence type obtained over 10 
trials. The rules to define the convergence types are: If the absolute value of the mean of the biggest 
peak is less than 0.5, then the type is central convergence. If not, then if the biggest peak has a density 
of more than 250, then the type is single extreme convergence. In these experiments, the single 
extreme convergence is much more likely than when the distribution is centred. 

4.5.4.8 Centred normal distribution with social networks 
Up to now, we studied the model in the case where all agents communicate. It was simpler to begin for 
a first understanding of the model. We can now investigate the effect of the social network on the 
model. We restrict ourselves to the case of a uniform distribution of the mean opinions and with 
extremists. 

Moreover, we simplify the social network by considering only the neighbourhood and the random 
links. We consider in this approach that the professionnal links can be considered as a particular case 
of random links in a first approximation. Figure 4.26 gives an example where there is a both extreme 
convergence in the network. 
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Figure 4.26 : View of a part of the network at the initialisation (left) and after convergence (right). 
The network has 4 neighbourhood links on average, and 0.1 random links. There are 20% of 
extremists at the initialisation. U = 1.2, u=0.1. The blue dots represent uncertain agents, the red dots 
the negative extremists, and the green dots the positive extremists. We note that the extremists compete 
for the influence in each sub-network. 

Figure 4.27 gives the corresponding view of the segment density in an example. 

Figure 4.28 gives the frequencies of the types of convergence, using the same rules as previously to 
define the types. We observe that the central convergence takes place more often than for the 
equivalent parameters in a totally connected network. Moreover, when the initial distribution of 
opinions is centred, the single extreme convergence never takes place for the considered parameters (it 
can happen in other cases). 
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Figure 4.27 : Evolution of the segment density. N=400, µ=0.5, u=0.1, U=1.2, pe=0.15. The average 
number of links per agent is 3 neigbourhood links and 0.1 random link. We note that the density is not 
zero between the peaks. This corresponds to the isolated uncertain. 
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Figure 4.28: convergence types of in the case of networks with 3 neighbourhood links on average and 
0.1 random links on average, for a spatial distribution leading to 10 potential connected clusters for 
the neighbourhood relation. N=400, µ=0.5, u=0.1. The initial distribution of mean opinions is normal 
centred, with a standard deviation of 0.6. The rules for the definition of the convergence types are the 
same as previously. The convergence to a single extreme never takes place in this region of the 
parameter space. 

4.5.4.9 Shifted normal distribution with extremists and  social networks 
The case of shifted normal distribution is interesting to investigate because we use it to initialise the 
population with a social opinion which can be favourable or unfavourable to the measure. We present 
here some results of simulation in the case of a social network with 3 neighbourhood links on average 
and 0.1 random link on average. An example of density evolution in such case is represented on figure 
4.29. 
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Figure 4.29 : example of evolution of the segment density. The initial distribution is shifted normal 
(centred on 0.2).  N=400, µ=0.5, u=0.1, U=0.4, pe=0.2. In this case the number of extremists is 
higher in the positive side, which is sufficient to attract the central opinions. 

The result of the exploration of the parametres is given on figure 4.30. We note that there is no 
convergence toward a single extreme for this part of the parametres. However, the peak on the positive 
extreme is always higher than the peak on the negative extreme. 
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Figure 4.30: convergence types of in the case of networks with 3 neighbourhood links on average and 
0.1 random links on average. N=400, µ=0.5, u=0.1. The initial distribution of mean opinions is 
normal with mean 0.2, and a standard deviation of 0.6. The rules for the definition of the convergence 
types are the same as previously. The convergence to a single extreme never takes place in this region 
of the parameter space.We note that the central convergence takes place in a larger region of the 
parameter space than when the initial distribution is centred.This is due to the fact that on the 
negative side, the low number of extremists allows more easily the presence of numerous moderate 
agents. 

4.5.5 Concluding remarks about the social influence model 
This study led to several results about the behaviour of a model of weighted averaging interactions. 
We particularly investigated the implication of the presence of extremists in the population because we 
know that this situation can be found about the problems of environment (and in general for many 
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social subjects which matter for the population), and we focused on the main properties of the 
distribution evolution : whether the formed groups are central or at the extreme. This allowed us to 
classify the model behaviour in three large categories : central convergence, both extreme 
convergence, single extreme convergence. 

The main results can be summarised as follows : 

• = The total connection of all the agents favours the apparition of single extreme convergence : the 
whole population converges toward an extreme opinion6. This can be related to mob violent 
unanimous movement that can happen in particular circumstances. In the model these 
circumstances correspond to a very high uncertainty of the majority, and a low number of 
extremists more concentrated in one side. This type of behaviour was not found when the agents 
are only in contact with a limited part of the population (their social network). 

• = The central convergence takes place when the uncertainty of the majority is not too high. When 
connectivity is not total, the a high proportion of extremists leads more easily to the both extremes 
convergence (this is not the case for when the connection is total). 

• = A shift of the initial distribution (giving an initial positive or negative prejudice on average) 
favours the convergence to the extremes for small values of the uncertainty of the majority. In the 
central convergence case, a shift of the majority peak in the opposite direction of the dominant 
extreme was observed. 

The investigations were not completely systematic, in particular, only a few experiments with different 
values of the extremists uncertainty were conducted (not reported here). Moreover, the behaviour of 
the model in the case of the central convergence would require a more careful study, with the 
elaboration a more refined classification of the dynamic behaviour. 

4.6 Exploration of the global model 
In the previous sections, we developed the studies of the different part of the model independently 
from one another. In this section, we test the global model linking the information diffusion and the 
social influence on an abstract populations of farms, and we make different assumptions about the 
farmer network, the initial social opinion distribution, the personal impact and the institutional 
scenario. The aim is to identify typical situations to be referred when the model is applied to the case 
studies. First, we present the model of institutions, and then the protocol of exploration of the global 
model. The final section presents the results of this exploration. 

4.6.1 The global model 
The global model includes the dynamics of discussion diffusion, the social influence and the action of 
the institutions. The institutions are considered in a broad sense : the media are institutions as well as 
the implementing extension agencies. They initiate the dynamics by delivering information or social 
messages to a part of the population. Then, through the model of discussion  diffusion, the discussions 
propagate. 

4.6.1.1 Variables of the institution model 
The institution model is characterised by : 

• = A farmer network, with whom the institution is regularly in contact (not necessarily for agri-
environmental problems). The network is defined by its size, and in general it is supposed fixed, 
and a frequency of meeting, which is supposed equal for the members of the network. 

                                                      
6 The single convergence was observed for larger number of agents than in the experiments reported here, and 
for similar percentages of extremists in the same conditions. Therefore it is not an artefact due to a too small 
number of extremists. 
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• = A general opinion about the personal and social benefits of farmers to adopt, and a level of 
information. All these can be void. 

• = The presence (or not) of specialised technicians who can visit the farms, and help the farmers to 
evaluate the impact of adoption, and the number of farms that can be visited per day. 

4.6.1.2 Dynamics of the institution 
The first dynamics of the institution is to regularly meet the farmers of its network. If these farmers are 
interested by the measure, they ask for information during these meetings. 

The main part of the institution dynamics is defined by a scenario (a set of actions which take place at 
pre defined dates). The possible actions are : 

to change its opinions and level of information, 

to broadcast its opinion to its network, or to the whole population, at a given moment (meeting or 
letter). The model offers the possibility to define the proportion of farmers who actually receive the 
message according to their interest state, and if they were already visited or adopted.  

To diffuse systematically its message during the normal meetings with the farmers of its network. 

To visit the farms and help the farmers to evaluate the impact of the measure on their farm. This is 
done only by the institutions which have technicians. 

4.6.1.3 Examples of institutional scenarios 
The results of the data collection allows us to define examples of dynamics of implementation of the 
measure. We describe shortly some examples in order to illustrate the possibilities of representation of 
the model. 

Example 1 : Minimum involvement of the implementing institution. 

• = The measure is announced in the press, with some information. In general a media which reaches 
a large part of the population is chosen. 

• = The farmers who are uncertain ask for more information if when they meet the institution if they 
have regular contacts, or at the meeting. The interested farmers ask directly the information, even 
if they are not in the network of the institution. 

• = The farmers who have enough information make an evaluation of their personal benefit, and they 
adopt if they are still interested for a while (reflection time) after this evaluation. 

Example 2 : Information meeting and compulsory visits on farmer’s request  

The scenario is the same as in type 1, except that : 

• = an information meeting is organised  after the announcement of the measure in the press. The 
interested or uncertain farmers are more likely to go to the meeting than non interested farmers. 

• = The farmers who are interested must request a visit from a technician, who makes a more accurate 
evaluation of their personal impact. 

Example 3 : Systematic visit of a technician after the measure announcement 

The institution visits systematically all the farmers who are interested or uncertain. During the visit, 
the technician evaluates the personal impact and transmits the information to the farmer (who can 
propagate it afterward). 

Example 4 : influence of the society 

The farmers can be influenced by the media and people external to the farming activities, especially 
about the importance of the environment. This influence is implemented as a specific institution (the 
society) which sends messages to the farmers about the social impact of the measure. 
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4.6.1.4 The personal impact 
As explained in the first part of this chapter, the personal impact is evaluated when the farmer is 
interested and has enough information. In the study zones, the personal impact is related to the 
economic characteristics of the farm and to the specifications of the measure.  

In the abstract model we are considering now, we make the assumption that the personal impact 
follows a given distribution (for instance normal, defined by a mean and a standard deviation). 

4.6.2 Space of exploration 
The number of variables of the model is large, even if we tried to restrict it to the minimum. It was not 
possible to explore the whole space of the parameters. We tried to choose explore some variations of 
the parameters which are likely to have a important impact on the outcome of the simulations. 

4.6.2.1 Institutional action 
We suppose that all farmers heard about the measure in some way from the media or from their 
colleagues at the beginning of the simulation. We consider an implementing institution, with regular 
contacts with a part of the farming population (its network). The variables which are considered in the 
space of exploration are : 

Size of the institutional network : defined by the percentage of farmers in the network of the institution  
inp .  

Whether the institution organises an information meeting or not. We fixed the probabilities of 
participation to the meeting (according to the interest stage of the farmer). 

Whether there are systematic visits of the uncertain or interested. 

Whether there is an influence of the society about the importance of the environment. 

4.6.2.2 Personal impact 
At this stage, we simplified the definition of the mean of the personal impact by considering that it is 
drawn from a normal distribution. Therefore, we can define more or less interesting measures by the 
definition of the mean and standard deviation of this distribution. 

Let : 

 pm be the mean of the mean personal impact distribution, 

 pσ  be the standard deviation of the mean personal impact distribution, 

To simplify the problem, we considered that the uncertainty is the same for every farmers. Let : 

 pu  be the uncertainty on the personal impact. 

The personal impact is systematically calculated by the farmer when he is interested and if he has the 
information. At the beginning of the simulation, the farmers have no idea about this impact.  

The parameter which varies in the simulations is pm , the others are fixed. 

4.6.2.3 Social impact 
At the beginning of the simulation we initialise the values of the mean of the social impact from a 
normal distribution. Let : 

 sm be the mean of the impact distribution, 

 sσ  be the standard deviation of this distribution. 
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For the uncertainty distribution, two cases are considered : 

• = a fixed initial uncertainty : sU  

• = a distribution involving a percentage ep  of extremists with uncertainty su  at the extremes of the 
distribution, and the others with uncertainty sU . 

The parameters which vary in the simulations are sm  and ep , the others are fixed. 

4.6.2.4 Social networks 
We simplified the social networks by considering only neighbourhood and random links. It is 
therefore supposed that the professional links do not play a significantly different role than the random 
ones.  

We fixed the value of the average number random links rn  and the frequencies of interactions. 

The average number of neighbourhood links takes the values ln  is variable in the simulations. 

4.6.2.5 Discussion and information diffusion 
We chose to test different values for γ (decreasing rate of the discussions) and ω (information 
propagation) in the simulations. The other parameters ruling the decision process are kept fixed (µ 
intensity of social influence, T interest threshold and r reflection time). 

4.6.2.6 Protocol of simulation 
The values of the parameters which are fixed are given in table 4.2 below : 

Description of the parameter symbol value 
Number of farmers N 400 
Intensity of the social interactions µ= 0.5 
Reflection time for adoption r 15 
Interest threshold T 0.05 
Average number of random links 

rn  0.2 
Frequency of interactions in neighbourhood links fl 0.1 
Frequency of interaction in random links fr 0.1 
Frequency of message from institution (for the farms in the 
institution network) 

fi 0.01 

Frequency of messages from society  fso 0.01 
Mean value of the society message 

mso  0.3 

Uncertainty of the society message 
uso  0.15 

Variance of the mean personal impact distribution 
pσ  0.3 

Variance of the mean social impact distribution 
sσ  0.5 

Uncertainty on the personal impact 
pu  0.2 

Uncertainty on the social opinion 
sU  0.3 

Uncertainty of the extremists 
su  0.05 

Table 4.2 : fixed parameters in the exploration of the global model 

The values which are modified are given by table 4.3below: 



IMAGES project – Final report – version 2  

   

137 

Description of the parameter symbol values 
Organisation of a meeting M Yes, No 
Systematic visits V Yes, No 
Society influence S Yes, No 
Percentage of farmers in of the institutional network 

inp  15%, 50% 

Choice of the best diffusers in the institutional network bd Yes, No 
Decreasing rate of the discussion diffusion γ= 0.1, 0.4 
Information transmission rate ω= 0.1, 0,5 
Mean of the mean personal impact distribution  

pm  0.25, 0.4 

Mean of the initial mean social impact distribution 
sm  -0.25, +0.25 

Percentage of extremists 
ep  0%, 20% 

Average number of neighbourhood links 
nn  1, 4 

Table 4.3 : varying parameters in the exploration of the global model 

The simulations are repeated 10 times for each set of parameters, in order to evaluate the variability of 
the results which is due to the random parts of the model. We run each model for 1000 time steps (one 
time step corresponding to one day). This makes 211 * 10 = 20 480 simulations. 

4.6.3 Results 

4.6.3.1 Global adoption results 
It is not possible to show the results for the 2048 parameter configurations. Therefore, we limit 
ourselves to the presentation of 3 series of 50 configurations : one corresponding to the lowest level of 
adoption, the second is chosen for medium level of adoption and the final one is the 50 best 
configurations (see figure 4.31). 

As shown on figure 4.31, the lowest levels of adoption are obtained when : 

• = the social impact (ms) is negative. We note some configurations of parameters where the personal 
impact can be high (0.4), but the uptake is nevertheless very low, 

• = There is no influence of the society in favour of the principle of the measures, 

• = The implementing institution has a low level of activity (small network, no information meeting). 
The organisation of visits or systmatic diffusion in the network does not seem efficient in these 
configurations.  

These results are not very surprising. The social evaluation can be dominant in the model because it 
rules the first interest of the agents, and their interest to learn more about their possible personal 
advantage to adopt. This explains why in these lowest adoption configurations, the social impact is 
more regularly negative than the personal impact. 

The relative inefficiency of the visits could be more surprising. In fact, these visits are made only to 
the farmers who are uncertain or interested. If their number is very small, the visits have almost no 
impact. 
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Three portions of the parameter space leading to low, medium and high percentage of adoption
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Figure 4.31 : Exploration of the abstract model. The sets of parameter values are represented by the colour codes at the bottom of the figure. We simulations 
are in the increasing order of the final proportion of adopters in the population (the order is figured on the horizontal axis). The proportion of interested 
farmers is also represented. The values of percentage of adoption are averages over 10 simulations, and the corresponding standard deviation is represented. 
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The configurations leading to a medium level of adoption reinforce the impression of importance of 
the social impact. It is always positive in the set of considered parameters. Moreover, one can notice 
the high variability of the percentage of interested, whereas the final levels of adoption are equivalent. 
The differences can be explained by the institutional activity. In some cases, there are potentially 
interested farmers who did not get the information about the measure, and therefore, the level of 
interested is higher than the level of adopters. In other cases, on the contrary, there was a high pressure 
from the institution, and possibly the society which led some farmers to adopt too rapidly, and they 
regret it afterwards. 

For the highest adoption levels (around 75%), we note that several parameters have constant values for 
this series of simulations : 

• = the social impact is 0.25, 

• = the personal impact is in the high value (0.4) 

• = there is an influence of the society, 

• = the number of links in the network is high (4). 

There is no clear influence of one of the action of the implementing institution (visits, meeting or 
diffusion). However, the very highest level of adoption are all obtained with the best diffusers in the 
institutional network, which tends to be large (50% of the population). 

We note that the level of interested is always lower or equal to the level of adoption. This means that 
in these cases, all the farmers who were potentially interested could get the information. 

4.6.3.2 Sensitivity analysis 
The influence of each variable can be better understood with a sensitivity analysis. For each variable, 
we consider its effect on the adoption when all the other variables are fixed. We focus on the 
significant influence of the variables on adoption. We fixed the threshold of more or less 15% (this 
percentage is computed taking into account the standard deviation of the number of adopters for each 
value of the variable over 10 simulations). 

The results are presented through a set of commented graphs. 

4.6.3.2.1 Influence of the mean initial social opinion distribution (ms) 

The first analysis made on the results of adoption indicated the importance of the impact social in 
these simulations. This is not surprising because the difference between the low mean value of the 
social impact (-0.25) and its high mean value (0.25) is higher than the difference between the low 
mean value of the personal impact (0.25) and the high mean value (0.4).  

The results of the sensitivity analysis confirm the conclusion about the high importance of this 
parameter. The difference of number of adopters between the simulations with ms = -0.25 and ms = 
+0.25 is always higher than 100%, and reaches more than 165%. 

Figure 4.32 presents the results for the 25 sets of parameters giving the lowest difference, 25 taken at 
the middle and the 25 giving the highest difference.. 
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Sensitivity to the social opinion
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Figure 4.32 : The adoption is always sensitive to the social opinion: when the other parameters are 
constant changing ms from –2-0.25 to +0.25 leads always to more than 100% more adoption, up to 
160% .The numbers on the horizontal axis correspond to the increasing order of effect on the 
adoption.  

There is no parameter having a constant value in this selection of the 25 sets of values leading to the 
lowest or medium differences. However, one can note that the personal impact tend to be high, that in 
general there are no extremists and the society has an influence. 

On the contrary, of the sets leading to the highest difference the personal is at the low value, the 
extremists are always present, and the society has never an influence. 

These findings can be explained as follows : the presence of extremists tends to polarise the 
distribution to the extremes as shown in the previous study. Then the farmers tend to have extreme 
attitudes (rejection or adhesion), especially when the mean opinion is shifted from 0. Moreover, when 
the personal evaluation is high, the social evaluation is relatively less important. 
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4.6.3.2.2 Influence of the mean personal evaluation 

Sensitivity to the mean personal impact
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Figure 4.33 : The sensitivity to the mean personal influence. The numbers on the horizontal axis 
represent the rank of the parameter set in the increasing order of effect on adoption. 

The results of the sensitivity to the mean personal impact, on figure 4.33 show clear differences with 
the previous results : there is an important part of the parameter space where changing the personal 
benefit has no effect on adoption. However, on the other extreme, the effect on adoption can be very 
significant (up to80% more adoption with the values of these simulations). 

One can note that the mean social opinion is low at the two extreme in almost all the parameter sets. 
The simulations leading to a high impact correspond to the absence of extremists and no influence of 
the society. 

This result can be explained as follows : the presence of extremists, when the distribution is shifted 
toward the negative values, tends to create a single negative attractor. The population is then a priori 
negative about the measure, and do not look for information about it. On the contrary, when there are 
no extremists, the population stays more open (uncertain) even though it could be negative on average. 
Many people can then make an evaluation of the personal benefit, and the value of this evaluation 
takes a major importance in the final decision. 

4.6.3.2.3 Influence of the society 
Figure 4.34 shows the results about the sensitivity of adoption to the influence of the society.  One can 
note this influence can be very significant in the range of chosen parameters (up to more than 100% 
more adopters).  

None of the parameters is constant over the 25 sets leading to the highest sensitivity, which indicates 
that there are interactions between these parameters, which lead to a high influence of the society. 
However, we note that in the selected sets of parameters, the mean social opinion and the mean 
personal impact tend to be low, and γ, the diffusion coefficient, is low.  

This can be explained because the effect of the society influence will be higher on an initially 
unfavourable opinion. Also, a very high personal impact decreases the importance of the social 
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judgement (on which the influence of the society takes place). Moreover, if γ is high, there is less 
propagation of the discussion, and the influence of the society is less important. 

Sensitivity to the influence of the society

-80

-60

-40

-20

0

20

40

60

80

100

120

140

1 6 11 16 21 497 502 507 512 517 522 1001 1006 1011 1016 1021D
iff

er
en

ce
 o

f a
do

pt
io

n 
(%

) 

gamma 0.4

gamma 0.1

best diff  Yes

best diff  No

netw ork 0.5

netw ork 0.15

meeting Yes

meeting No

visits Yes

visits No

Diffusion Yes

Diffusion No

nb links 4.0

nb links 1.0

No extremists

extremists

ms 0.25

ms -0.25

mp 0.4

mp 0.25

diff  of adoption (%)

Figure 4.34 : Sensitivity of the adoption to the influence of the society. 

4.6.3.2.4 Sensitivity to of γγγγ (parameter ruling the discussion diffusion) 

The results of the sensitivity to γ are presented on figure 4.35. One can note that, for this set of 
parameters, the decrease of γ always lead to an increase of adoptions. This increase is particularly 
significant when : 

• = the institutional network is small (15%) 

• = there is no influence of the society, 

• = there is no meeting, 

• = the number of links is high (4). 

A network which is not constituted of the best diffusers tends also to increase the influence of γ.  
These results can be explained as follows : when g is small, the discussion better propagate, and so 
does the information. The difference is higher when the network has many links. A large institutional 
network, the organisation of meeting, or the influence of the society increase the exchanges in the 
network and therefore compensate a bad diffusion. 
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Sensitivity of diffusion parameter (gamma)
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Figure 4.35: Effect on adoption when changing γ from 0.4 to 0.1. The significant impacts are always 
negative. The coloured squares at the bottom of the graph symbolise the configurations of the 
parameters. 

4.6.3.2.5 Influence of an institutional network constituted of the best diffusers 
The results of sensitivity to the presence of the best diffusers in the institutional network are 
represented on figure 4.36. The influence of the presence of the best diffusers in the network is 
negative when : 

• = the network is large (50%), 

• = the number of links is large (4) 

• = the average social impact is negative (-0.25) 

• = the diffusion of discussions is high, γ is low (0.1) 

This result can be explained as follows : the best diffusers tend to be more against the measure when 
the level of discussions is high, because they are averaging the views of many of their neighbours. 
Since the views of these neighbours are negative on average, they tend to be against the measure and 
to stop the information diffusion more than when the members of the network are chosen at random. 

On the contrary, it tends to be positive when : 

• = the network is small (15%) 

• = the number of links is small (1) 

• = the average social impact is positive (0.25) 

This can be understood by the fact that the presence of the best diffusers in the network increases the 
diffusion of the measure, because on average, they are a priori favourable to it. 



IMAGES project – Final report – version 2  

   

144 

These results can be related to the empirical findings of sociological studies, which showed that the 
presence of leaders can decreases the level of adoption when the measure is not socially well 
considered, even if it is positive from an individualistic perspective. 

Sensitivity to the presence of the best diffusers in the institution network
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Figure 4.36: Effect on adoption (in percentage) when changing the institutional network from 
randomly chosen farmers to the best diffusers. We note that the presence of the best diffusers can 
decrease the adoption in some particular cases (negative percentages on the left), although it is more 
often favourable to the adoption. 

4.6.3.2.6 Influence of the number of neighbourhood links 
The results of figure 4.37 show that the density of the social network can have a very important 
influence on the final proportion of adopters. This influence is particularly high when the insitutional 
action is weak (small institutional network, no meeting, no visits, no influence of the society and γ 
high). This can be understood because in such circomstances the information is mainly transmitted in 
the informal farmer networks, which take therefore a very high importance. On the contrary, the 
results show that a high activity of the institutions compensates the negative effect on adoption of a 
weak density of the farmer network. 
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Sensitivity to the number of neighbourhood links
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Figure 4.37 : Effect on the number of adopters (in percentage) of changing the number of 
neighbourhood links from 1 to 4. This impact can reach more than 85% when the institutional action 
is very weak. 

4.6.3.2.7 Sensitivity to the meeting 

The sensitivity to the meeting is represented on figure 4.38. We found that the meeting can have 
significant positive influence on the uptake (more than 50% increase). The meeting is particularly 
efficient when the institution has a small network and the farmer network is not dense, and the 
measure well perceived and interesting for the individuals. In this case, the important factor is the 
information diffusion. 

The meeting is not efficient is in the cases where the measure is not well perceived socially and its 
personal interest for the farmer is limited. Since that in the model, only the interested and uncertain 
farmers tend to go to the meeting, the participation to the meeting tends to be very low. 
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Sensitivity to the meeting
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Figure 4.38 : Effect of the meeting on the adoption percentage. In many cases, this effect is not 
significant. However, it can have an important effect when the network of the institution is small, and 
the social network is not dense. 

4.6.4 Concluding remarks about the exploration of the global model 
This exploration allowed us to get a better understanding of the global behaviour of the model. The 
main conclusion is that the model shows a high sensitivity to non directly economic variables : the 
initial mean of social opinions, the average connectivity of the social network, the institutional action. 
Different values of these variable can modify the level of adoption dramatically for the same 
specifications of the measure. 

These results could be expected because of the particular structure of the model, in which the initial 
social opinion leads to be interested or not to the measure, and then to propagate or not the 
information. Moreover, the discussions in the informal network are very important in the model. 

The result obtained about the influence of the best diffusers, which can be positive or negative 
according to the circumstances, was more difficult to predict a priori. The likely link between this 
result and the observations of sociologists is an argument in favour of the plausibility of our model. 

However, this exploration is still partial, and it should be continued in order to get stronger results. In 
particular, more values of the different parameters should be tested, different number of agents. The 
study of the results at different time steps could also be interesting.  
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5 Results of the model applied to the study zones 

 

 

This chapter presents the results of the application of the abstract model described in chapter 4 on a 
selected set of study zones.  

In order to apply the model, the first step is to generate a farm population which reflects the actual 
population of farms, with a sound geographic distribution. For large study zones, we had to develop a 
particular method to deal with this problem. The details of the method are presented in a first part of 
this chapter. 

The second part presents the results of the model applied on the study zones. For each study zones, we 
describe the different hypotheses about the personal impact and the institutional scenario. Then we 
present some simulation results. 

5.1 Generation of the farm population for large study zones 

5.1.1 The problem 
The farm characteristics define the farming population of the model. They are the inputs of the model 
of lower and upper evaluation of the individual payoff (when the farmer makes his own evaluation as 
well as when a technician does it with him). Therefore they are essential to relate the model to real 
farming populations, and evaluate different effects of the measure on the study zone. 

The farm characteristics are initialised with different methods according to the study zones. For small 
study zones, we got information about the set of farms of the zone. For large study zones (several 
thousand farms), we used a combination of FADN and census data. Our procedure optimises the 
duplication of FADN prototypes in order to match the aggregated census data by commune. This 
allows us to get a farming population which is geographically located. This method is now described. 

5.1.2 The method 
Let us consider a population P of N  farms that we want to approximate. We suppose that we have the 
aggregated data P

kn  representing the number of farms in P producing product k and the global 
quantity P

kQ  of k produced by P. These are the typical figures which are available at a commune level 
in census data. We suppose also that we have a sample P' of this population (the FADN prototypes). 
We want to generate a population P" which is as close as possible to the population P and made of 
only of duplicated farms taken from P'. The problem is thus to determine a set of coefficients ix , 
associated to every individual i of P', ix  representing the number of time that every individual of the 
population P' will has been used to generate the population P", and to minimise the difference with the 
available aggregated data. 

To resolve this problem is equivalent to solve a linear system. However most of cases the linear 
system has no solution. A solution to avoid this difficulty is to minimise the quadratic difference 
between the aggregated figures of P and the corresponding figures of P’’.  

If we note i
kQ  the quantity of k produced by the individual i Of P '.  

The problem to resolve becomes : 
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coefficients that are calibrated to balance the importance of various production.  

Replacing the aggregated variables of P’’ by their values, we get the following system : 
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This is a quadratic problem in ix  which can be solved using commercial specialised software (scilab 
and Mathlab were tested). 

5.1.3 Application of the method to generate the farming population of 
Allier 

5.1.3.1 Available data used for the population generation 
RICA7 data are a set of particular farms, representative at the regional level. The available data about a 
prototype comprise a lot of variables : size of the farm, productions, financial figures…Small farms, or 
for which there is not the equivalent of a full time worker are not represented in the RICA data. We 
used the data for 1996. 

The aggregated data of CAP subsidies by canton in Allier in 1996 (number of farms, productions, 
surfaces for each production, number of heads of different livestock), provided by the Direction 
Départementale de l’Agriculture et de la Forêt de l’Allier. These data cover roughly the same 
population of farms than the RICA.  

Census data (RGA) of 1988 which give the same type of data by communes. 

This is done by the RICA prototypes several times in each canton, and optimising this affectation in 
order to match the available aggregated data at the canton level.  

We selected 201 prototypes among the 350 of the Auvergne region, because of their compatibility 
with the farms found in Allier. The optimisation is done on the following variables : global surface, 
total number of farms, surfaces and number of farms producing wheat, corn and other cereals, 
permanent grass, number of cows, ewes, number of farms subscribing to milk quotas.  

5.1.3.2 Results 
The optimisation method selected 165 prototypes over the 201 initially considered. The others were 
not used. Figure 5.1 gives the percentage of global population represented by each of the 165 
prototype. We note that the maximum is around 4.5%. 

                                                      
7 Réseau d’Information Comptable Agricole 
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The results of the optimisation are given by figure 5.2. They show the difference between the 
aggregated values obtained from the generated population and the data which were used for the 
optimisation. The results are quite satisfactory : the maximum error is of a few percents. 
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Figure 5.1 : Percentage of the total population represented by each of the 165 prototypes. 

Comparaison du nombre d'exploitations

0

1000

2000

3000

4000

5000

6000

7000

Nombre total ayant des
vaches

allaitantes

ayant des
brebis-mères
et agnelles

saillies

soumises aux
quotas
laitiers

cultivant du
blé tendre

cultivant du
maïs

cultivant
d'autres
céréales

ayant des
prairies

temporaires

ayant des
prairies

permanentes

Population
générée
Population
"primes 1996"

Comparaison des surfaces 
agricoles en ha

0

100000

200000

300000

400000

500000

600000

SAU to
tal

e

Blé 
ten

dre Maïs

Autr
es

 cé
réa

les

Prai
rie

s t
em

po
rai

res

Surf
ac

e t
ou

jou
rs 

en
 he

rbe

Population
générée
Population "primes
1996"

 
Figure 5.2 : Comparison of the agricultural surfaces and the number of livestock between the 
generated population and the aggregated data of 1996 subsidies [MAP, 1997 #844] (The data are 
average on the cantons of Allier). 

Moreover, we compared the obtained results to aggregated which could be used for the optimisation 
(because they were not available at the canton level) : the farming systems and the classes of sizes of 
the farms. The results are of course less good than for the variables which were used in the 
optimisation, but they the broad tendencies are respected (see figure 5.3). 
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Figure 5.3 : The generated population gives satisfactory results in terms of technical orientations and 
distribution of SAU, although these elements were not part of the optimisation. 

5.1.3.3 Other steps for the population generation 

5.1.3.3.1 Second step : localisation of the farms in the canton 

The farms are dispatched at random in the communes of the canton. The only constraint which is taken 
into account is that the global agricultural surface of the commune. We evaluate this surface from the 
census data of 1988, and we suppose that it stayed almost constant.  

5.1.3.3.2 Third step : affecting the age of farmers 
The census data provide tables linking the age of the farmers and the average size of their farms. We 
considered that this statistical link remained constant. For each interval of farm size, we could define a 
distribution of age, and affect the value drawn from this distribution to each farm of this size. 

5.1.3.3.3 Fourth step : population of organic farmers in 1992 

In 1992, there are around 40 organic farmers in Allier in 1992. We got a description of each of these 
farms, and its location. The description of the farm allowed us to find the most similar RICA 
prototype. 

We added these prototypes to the generated population and localised in their commune. The change to 
the aggregated statistics is negligible.  

These farms constitute a particular network, to which specific messages are addressed by specific 
institutions. 
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Figure 5.4 : Geographic distribution of the generated farming population in Allier. The farms are 
represented by dots of different colours, corresponding to their farming system. (green : cereals &  
mixed, red : breeding cows, blue : dairy cows, pink : sheep). 

5.1.4 Results for the farming population of Pavia 

5.1.4.1 Available data used for the population generation 
We used the FADN data for Pavia province of 1996. The population of the area is around 20500 
farmers. But only 6000 has a total useful area greater than 5 ha. 

We selected 125 prototypes which have a SAU>5 ha of the Pavia region. 

The aggregated used are the ISTAT data by commune in Pavia in 1991 (number of farms, productions, 
surfaces for each production, number of heads of different livestock).  

The optimisation is done on the following variables : global surface, total number of farms, surfaces 
and number of farms for various productions (see fig 5.6) . 

Two important problems must be mentioned in relation with these data : 

• = It exist an important temporal difference between FADN and ISTAT data (5 year). This can lead 
important error on the number of farm with an important increase of number of large farm and 
decreasing number of  small farm, with total SAU remaining constant. It would be more 
appropriate to perform this method on more recent aggregated data (which was done in Allier), but 
we could not get such data.  

• = In FADN prototypes do not represent well the small farms (less than 5 ha).  This is a problem in a 
region where the very small farms are very numerous. 
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5.1.4.2 Results 
Only 96 prototypes on the 125 initially chosen were actually used in the optimisation. Figure 5.5 
shows their representativity in an increasing order. 
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Figure 5.5 : representativity of the FADN prototypes used to generate Pavia farming population 

The chosen prototypes allowed us to match with a reasonable accuracy the aggregated data (fig. 5.6) 
for the different productions we have optimised. It is always less than 20%, except for the bovine 
production and the vineyard.  
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Figure 5.6 : Relative error on the aggregated agricultural surfaces, number of farm and the number of 
livestock between the generated population and the aggregated data of 1992. The data are average on 
the communes of Pavia region. We show the results for an optimisation using all the FADN prototypes 
in each commune and an optimisation using a selection of prototypes for homogeneous areas of the 
province. We note that the second solution gives better results for the non optimised parameters. 
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Compared to the data which were not used for the optimisation, we note that the results are good for 
the number of farms in each class of size. However, the ovine and pig productions are not well 
predicted. 

Moreover, we noticed that for some productions, we got some anomalies in communes located in the 
hilly zone. In order to improve the results, we selected the prototypes corresponding to homogeneous 
areas of the province, and optimised by using uniquely the prototypes of the corresponding areas (see 
year 4 report, annex IV.3 for details).  

Figure 5.6 shows the results of  the standard method compared with the optimisation with a selection 
of prototypes for each homogeneous area. 

5.1.4.3 Localisation of the farms in the communes 
The farms are dispatched at random in the communes, as shown on figure 5.7 

 

 
Figure 5.7 : Geographic distribution of the generated farming population in Pavia. The coloured dots 
represent the farms and their level of production of a particular cereal. The colour of the commune 
background correspond to the number of ha of cereals. 
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5.2 Results of simulations on the study zones 

5.2.1 Environmentally Sensitive Area of Breadalbane (Scotland, UK) 

5.2.1.1 The farms in the model 
Using secondary data sources, it was possible, for each farm within the ESA (where ESA1 = 127 
farms, and ESA2 = a total of 160 farms), to collate data relating to : 

• = Farming system (sheep; sheep & cattle; sheep, cattle & arable; cattle & arable),  

• = Farm size (hectares). 

• = Tenureship (owned, rented, mixed). 

These three characteristics were selected, since other research indicates that they can be significant in 
terms of the types of decisions taken by the farmer, and in terms of probable links between farmers 
within their social networks. 
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Figure  5.8 :number of farms by farming systems. (source : SAC 2000). 
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Figure 5.9 : Left : Number of farms by size categories. Right : Number of farms by tenure categories. 
(source : SAC 2000). 

We localised the farms on the map (see fig.5.10). 
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Figure 5.10 : Farm population of Breadalbane ESA1 and ESA2. The red dots represent the farms 
located in ESA1, the yellow dots the farms located in ESA2. 

5.2.1.2 Financial impact computation model 

5.2.1.2.1 The problem  
In this version of the model, the only computed criterion is the financial one. We would like to 
evaluate for each farm a lower and an upper evaluation of the financial benefit of adoption. These 
values must be evaluated in different contexts : before the elaboration of the farm plan (individual 
evaluation), and after this elaboration. Of course, without the actual farm plan, the evaluation includes 
much higher uncertainty than with the farm plan. 

This work must be done for both ESA1 and ESA2, taking into account their differences. 

5.2.1.2.2 Available data for ESA1 
Our main source to elaborate socio-economic evaluation of ESA1 (Lilwall et al 1990) brought us 
important data about : 

• = the economic impact of the measure on the farms,  

• = the  breakdown of the various conservation activities and their relative cost, 

for the year 1987-1990.  

We also used different documents of specification of the measure, and an example of farm plan which 
had been communicated to the farmers in the information meetings. 

The payment of the measure comprises two tiers : 

• = Tier1 corresponds to the compliance to general specifications of environmentally friendly 
management. The payments are proportional to the surface in inbye and rough grazing of the farm, 
and there is a ceiling per annum (£ 1500 in ESA1).  

ESA1 Tier1 payments 

Enclosed land £ 15.00 per ha. 

Rough grazing £ 2.5 per ha 

Table 5.1 : ESA1 tier1 payments for enclosed land and rough grazing per ha.  
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• = Tier2 corresponds to the rebuilding of traditional walls (dykes), and fencing off parts of the 
surface in order to protect the biodiversity, planting trees and bracken control. The payments are 
calculated according to the surface of dykes to build and the length of the fences. There is also a 
ceiling for tier2 per annum (£ 3000 in ESA1).  

The values of payments related to the different items are given by table 5.2. 

tier £ 
Tier 1 87,548 

Tier 2 113,388 

Total 200,936 

Table 5.2 : Actual ESA1 expenditure: financial year to end March 1990. Source:  SERAD (1990) 

Moreover, the report gives results of a survey done on 52 ESA farms in 1990, about the ESA work and 
impact. 

5.2.1.2.3 Evaluation of ESA1 tier 1 benefits 

The respective payments for rough grazing and enclosed land in tier1 are given in table 5.1. Table 5.3 
gives the global and average area per farm under contract for year 1990. 

Land type Total area (ha) Average area per farm

(ha) 

Number of cases 

Enclosed land 11,565.70 141.05 82 
Rough grazing 26,593.00 886.43 30 

Total 38,158.70 465.35 82 
Table 5.3 : Area of ESA work in 1990. Source:  SERAD (1990) 

From table 5.3, we see that there are only 30 under 82 farms (36%) which have rough grazing land 
under contract, and that the average size of enclosed land is 141 ha.  

In ESA1, the ceiling of flat-payment is reached with 100 ha of enclosed land. From table 5.3, we can 
conclude that small farms (under 100 ha) have all their surface in enclosed land. Let s be the surface of 
the considered farm. We can apply the following rule to calculate the flat-rate payment per annum : 

If s < 100 ha then tier1 = s * pi 

If s > 100 ha then tier1 = ceiling 

This rule applied to our whole population gives an average value per year of : 

 £ 1241 

With approximately 65% of the farms reaching the threshold. 

5.2.1.2.4 Evaluation of ESA1 tier1 costs 
According to the experts, the cost of tier1 is very low and can be neglected in a first approximation. 
However, some important uncertainty can be connected to this cost, because some important parts of 
the farm could be defined as ecologically sensitive, and prevent any farming activities on them. Some 
farmers could fear that they would not be allowed to work in large parts of their farms. Also, without 
knowing well the scheme, farmers could affect some cost to this part (which would be particularly 
negative for large farms, because of the ceiling effect). 

Moreover, it seems relevant to consider a small management flat cost per ha, in order to take into 
account the ceiling effect (the very large farms are disadvantaged). 

We fixed this cost to £0.1 per ha. 
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5.2.1.2.5 Evaluation of ESA1 tier2 benefits 

To simplify, we consider that the amount of possible activities are proportional to the farm size, and 
then we take the ceiling into account. In our references, the average amount perceived for tier2 is £ 
1388 (on 82 farms). Considering a that the tier 2 is paid 4,5£ per ha up to the ceiling, we get an 
average payment for the whole population of : 

 £ 1377 

Therefore, we adopted this simplification to evaluate the payments of tier2.  

5.2.1.2.6 Evaluation of ESA1  tier2 costs 
This global amount is then broken down into the different activities, by considering the average global 
amount (see table 5.4). 

Activity Part of tier2 payments 

Dykes 55% 

Fences 35 % 

Others (trees, bracken control) 10% 

Table 5.4 : break down of the specific activities for tier2 in ESA1 (Lilwall et al 1990). 

According to the survey made in (lilwall et al. 1990) the farmers almost always subcontract the dyking 
work to professional dykers, whereas they do the fence themselves. 

The cost of dyking is the cost of the workers, which was low at the beginning of the ESA1 and then 
increased to the level of payments in ESA2. There is therefore an uncertainty about the cost of dyking. 
We considered that the costs of dyking were around 50% of the payments at the beginning of ESA1, 
and then increased up to 90% of these payments by the end of ESA1. 

In general, farmers build the fences by themselves. 

To simplify, we considered that the costs represented on average 70% of the payments. 

5.2.1.2.7 Available data for ESA2 

The main evolution of the specification of the measure are : 

• = for tier1 : the payment for rough grazing is decreased to £ 1.5 per ha, and the global ceiling for 
tier1 is £ 2000. 

• = For tier 2 : a payment for management of wetlands, water margins, woodlands, herb rich pasture is 
added to this tier, and the global ceiling is increased to £ 4000. 

We got less structured data about the financial impact for ESA2. Our main sources are : 

• = an example of fictive farm plan communicated by SERAD to farmers, 

• = a personal communication from SAC, giving an evaluation of the measure’s global payments from 
1992 to 2000. 

5.2.1.2.8 Evaluation of ESA2 tier 1 benefits and costs 
We chose to keep the same rule as for ESA1 as well as for the costs, except that the ceiling is higher. 
This rule applied to our whole population gives an average payment per year for tier 1 which is : 

 £ 1557 

and 60 % of the farms reaching the threshold. 

5.2.1.2.9 Evaluation of ESA2 tier2 benefits and costs 
The main differences with ESA1 are: 
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• = the management payment included in tier 2 

• = the increase of dyking costs, which were about 120% of the payment by the end of ESA2 (S. 
Skerratt). Moreover, the farm plans include less dyking (the recommendation from the evaluation 
was to define more balanced plans between dyking and the other activities in ESA2). 

Using the global data communicated by SAC, we get an average value per year, per agreement of : 

 £ 4444 

In which the capital (for dykes and fences) and management amounts to an average value per year per 
agreement of : 

 £ 2887 

Which is an average of £ 20 per ha up to the ceiling for the whole population.  

We considered that the costs of 70% were in a first approximation. 

5.2.1.2.10 Uncertainty 
We considered that the uncertainty is proportional to the benefit of the measure. There is a value of 
uncertainty when the farmer calculates his personal evaluation, and a smaller one when it is done with 
the technician. The typical values of parameters taken in the simulation are 20% for the uncertainty of 
the expert evaluation and 40% for the uncertainty before the visit of the technician 

5.2.1.3 Results for the whole population (160 farms) 

5.2.1.3.1 ESA1 
The global results of upper and lower expectations for the whole population are given by figure 5.11. 
We notice that the lower expectations have a peak for the values between 1500 and 2500 £, and upper 
expectations have a peak between 3000 £ and 3500 £ (corresponding to the biggest farms). 
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Figure 5.11 : Left : Histogram of the model of the expert mean financial impact evaluation for ESA1 
the whole population (160 farmers). Right : Distribution of the expert financial impact, taking into 
account the associated uncertainty (same method of representation as in chapter 4) . 
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Histogram of the mean financial impact for ESA2
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Figure 5.12 : histogram of the results of the expert mean evaluation of the financial impact for ESA2.  

Distribution of ESA2 financial impact
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Figure 5.13 : Distribution of the expert financial impact evaluation, taking into account  the 
uncertainty (same method of representation as in chapter 4)  

We note that from this evaluation, ESA2 appears financially more interesting than ESA1 for a 
significant number of farmers. 

5.2.1.4 Social networks 
The social networks comprise three categories of links : neighbourhood, professional and random 
links. 

Neighbourhood networks 

The problem to calculate the neighbourhood networks is to evaluate the communication distance 
between two farms. This communication distance can be very different than the euclidian distance 
between the farms, because it takes into account the natural obstacles, the topology of the roads. 
Ideally, the communication distance should be computed through a GIS in which all the information 
about the obstacles, types of road is stored. Since we did not have this information, we propose 
method which allows us to approximate the communication distance. This method is based on the 
concept of “direct neighbours”. 

The direct neighbours, are defined using the following rules (see fig.5.14, left): 

• = if the farm is along a road,  

• = the closest farms in each direction along the road are the direct neighbours, 

• = the closest farms in each opposite direction of the road, if these are not along a road (isolated 
farms) 

• = if a farm is not along a road, then the closest farm along a road is its only direct neighbour. 

In general the farms have at most 4 or 5 direct neighbours. 
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We denote ),(1 jiN  the fact that farmers i and j are direct neighbours, ),( jidc  the communication 
distance between farmer i and farmer j and ),( jid the euclidian distance between them. 

The communication distance between direct neighbours is considered as roughly equal to the euclidian 
distance : 

If ),(1 jiN then ),( jidc = ),( jid  

Then, we define second order neighbours as follows (see fig.5.14, right) : 

Farmer i and farmer j are second order neighbours (denoted ),(2 jiN ) if they are not direct 
neighbours, and they share one direct neighbour.  

It can be shown that the definition of direct neighbours ensures that :  

If ),(2 jiN then there is only one farmer k such that ),(1 kiN and ),(1 jkN . 

This property allows us to define the communication distance between second order neighbours : 

If ),(2 jiN then ),( jidc = ),( kid + ),( jkd , where is the direct neighbour shared by i and j. 

 

     
Figure 5.14 : (left) The direct neighbour links are represented by blue lines between farms. The 
definition of direct neighbours takes into account the natural obstacles and the roads. (right) 
Representation of direct and second order neighbour links. 

The second order neighbours are used to define the final neighbourhood network. The procedure of 
neighbour network generation has two stages : 

First, we evaluate the probability of picking a link among all the possible neighbour links, 

Second, we pick at random the neighbour links within all the possible ones, according to this 
probability. 

More precisely, let  nn  be the average number of neighbourhood links (estimated from the second 
phase interviews), and nd  the maximum communication distance between neighbour farmers (also 
estimated from the interviews). 

We say that farmers i and j have a possible neighbour link, denoted ),( jiN , if and only if i and j are 
either direct or second order neighbours, and their communication distance is lower than nd  : 

 ),( jiN  if and only if : ( ),(1 jiN  or ),(2 jiN ) and nc djid ≤),(  

First, we evaluate the mean number of possible neighbour links for a farmer of the population. Let 
p
nn be this number. The probability nP  of actually choosing one possible neighbour link is given by : 
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n

n
n n

n
P =  

We then go through all the possible links, and actually keep some of them according to this 
probability. It can be shown that on average, this procedure yields the expected average number of 
neighbour links. An example of network generation is shown on figure 5.15. 

Figure 5.15 : example neighbour links generation, based on second order neighbour links and for a 
maximum communication distance of 5 km, and an average number of neighbour links of 3.5. We see 
that a few farms are isolated (i.e. they do not have neighbour links), because the communication 
distance to their direct neighbours is too high. 

5.2.1.5 Professional networks 
 Our hypothesis is that the professional links are organised within each commune, and for each 
farming system. We say that farmers i and j have a potential professional link (denoted ),( jiπ ), if 
they belong to the same commune, and have the same farming system. 

The procedure of network generation is a bit different than the one used for the neighbour network, as 
explained in the global model paper. We count the number of element in each equivalence class 
defined by the relation p, and evaluate the corresponding probability to pick up a link in each 
equivalence class. An example of professional network is given on figure 5.16. 
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Figure 5.16 : example of professional network, based on commune and farming system. The average 
number of links is 1. 

5.2.1.6 Addition of a low number of random links 
The final procedure for network generation involves a final step : the addition of a low percentage of 
random links across the population. Figure 5.17 gives an example of final generation of network, 
including the three types of links : neighbourhood, professional and random. 

 
Figure 5.17 : example of social network generation, with 3.5 neighbour links, 1 professional link and 
0.3 random link on average by farmer. The number of totally isolated farmers is very low. 

5.2.1.7 Institutional actions 
We simplify the institutional scenario by considering only one global actor implementing the measure. 
This actor represents SAC associated with other organisations which participated to the 
implementation and the meetings (SERAD, FWAG). In the software, the institution is labelled  ‘SAC’, 
because SAC has been the most central actor of the implementation. We will refer to ‘the institution’ 
in a generic sense in this text. 
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We considered that the institution provides information about the measure and only information (no 
message about the social impact). This is of course a simplification of the reality because the message 
from the institution was certainly going beyond the simple information. 

We explored different simplified versions of the institutional action. We considered a basic scenario 
comprising the most important actions of the institution, which is tested alone or with other 
complementary actions. The aim is to evaluate the impact of these actions, and whether they are 
necessary to fit the adoption data. The considered basic scenario and the options are the following : 

Basis scenario : It comprises the an action of communication to a small set of leader farmers at the 
very beginning of ESA1, a few months before the information meeting. Then an information meeting 
takes place in the beginning of 1987. The farm visits begin just after the information meeting. An 
information meeting takes place in the end of 1992 for ESA2. The farm visits begin in 1993 (see table 
5.5 For more details). 

Option 1 (active promotion). The institution makes an active promotion (information transmission) at 
the regular meetings it has with the farmers. 

Option 2 (society pressure). The farmers are regularly in contact with elements of the society which 
send messages to them about the importance of the environment and their responsibility. 

Event date Not interested  Uncertain  Interested  
First contact ESA1 End 1986 0 0 15 leaders 
launch meeting ESA1 Beginning 1987 0 80% 80% 
Farm visits begin Right after the meeting 0 0 100%  
Launch meeting ESA2 Beginning 1992 0 80% 80% 
Farm visits begin Right after the meeting 0 0 100% 
Table 5.5: Basic scenario, simplifying the actual process of implementation.  

5.2.1.8 Exploration on other parameters 
A partial exploration of the influence of several variables was performed. Table 5.6 shows the values 
of the fixed parameters and of the ones which were modified. 

Description of the parameter value 
Intensity of the social interactions  0.3 
Reflection time for adoption 6 weeks 
Interest threshold 0.05 
Discussion diffusion  0.25 
Average number of random links 0.1 
Average number of professional links 0.1 
Frequency of neighbourhood interactions 0.1 times per day 
Frequency of professional interactions Once a month 
Frequency of interaction in random links Twice a year 
Frequency of message meeting with the institution (when the farmer is in 
the network of the institution) 

Once a year 

Frequency of messages from society  Twice a year 
Mean value of the society message 0.15 
Uncertainty of the society message 0.1 
Uncertainty on the social opinion 0.1 
Percentage of extremists 10% 
Uncertainty of the extremists 0.01 
Table 5.6 : Fixed parameters in the exploration of the model applied to Breadlabane ESA. 
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Description of the parameter values 
Diffusion of information through institutional network Yes, No 
Society influence Yes, No 
Information transmission rate 0.05, 0.1 
Mean of the initial mean social impact distribution 0.0, 0.1 
Standard deviation of the mean social impact distribution 0.05, 0.1 
Average number of neighbourhood links 1, 3 
Table 5.7 : varying parameters in the exploration of the Breadalbane ESA model 

The simulations are repeated 10 times for each set of parameters. The total number of simulations is : 

 25 * 10 = 640 

This exploration is sufficient to give a first view of the model’s behaviour when applied to the 
particular constraints of Beadalbane ESA. However, a more systematic exploration would be 
necessary for a complete understanding. 

5.2.1.9 Results 
The global results of the exploration are represented on figure 5.18. We considered the difference in 
absolute value between the number of adopters given by the simulation and the actual number at four 
key moments : T1 beginning of adoptions for ESA1, T2 end of ESA1, T3 beginning of adoptions for 
ESA2, T4 end of ESA2. We ordered the simulations in the increasing order of the mean error over the 
four dates. 

Breadalbane ESA : Percentage of adoption error at T1, T2, T3 and T4
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Figure 5.18 : results of the parameter exploration of the model applied to Breadalbane ESA. The 
errors are considered on four points in time (T1 : beginning of ESA1, T2 : end ESA1, T3 : beginning 
ESA2, T4 : end ESA2). The standard deviation of the mean error over the four dates for the 10 
simulations made on the set of parameter values is represented. 

These results lead to the following comments, which are relative to the explored set of parameters : 

• = The initial mean social opinion ms is (as shown in the study of the abstract model) a very 
important parameter. The best results are obtained when this value is 0.1 instead of 0.0 : The 
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model follows better the actual adoption when the farmer are initialised with a favourable opinion 
about the measure. 

• = The second important parameter is the influence of the society. The best results are obtained when 
this influence is present.  

• = The best results are obtained (when the previously considered variables are at the favourable 
value), when there is a low number of neighbouring links. 

• = Within the favourable values of the previously considered variables, the direct diffusion of 
information by the institution does not seem important, which means that the transmission of 
information was sufficient (in the model) without this supplementary diffusion. The changes of ω 
and the standard deviation of the initial social opinion do not have an important impact either. 

These results can also be classified into four types of  simulations : 

• = Type 1 : good simulations (for which all the errors are below 10%) 

• = Type 2 : Medium simulations (average error is lower than 20%) where the error at T1 is higher 
than 15% and the other errors are lower or close to 10%, 

• = Type 3 : Medium simulations (average error is lower than 20%)  where the error at T3 and T4 are 
higher the 15% and the errors at T1 and T2 are lower than 10%, 

• = Type 4 : Bad simulations (average error higher than 20%). 

We now study the examples in the three first types in more details. 

5.2.1.9.1 Example of simulation of type 1 
Figure 5.19 shows the evolution of the number of interested, uncertain, interested, visited and adopting 
farmers over time for one example of good fitting. In this example, the parameter values are given by 
table 5.8. 

Description of the parameter values 
Diffusion of information through institutional network Yes 
Society influence Yes 
Information transmission rate 0.01 
Mean of the initial mean social impact distribution 0.1 
Standard deviation of the mean social impact distribution 0.05 
Average number of neighbourhood links 1 
Table 5.8 : parameter values for the example of type 1 (good) simulation. 
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Figure 5.19 : example of good fitting of the curves of adoption. The sharp change in the number of 
interested in january 1992 corresponds to the addition of farmers who are eligible for ESA2, and who 
are not counted in the first part of the curve. The global error in percentage of adopters is less than 
10%. 

One can notice that with these values, the number of non interested farmers at the beginning is very 
low : the majority is uncertain, and there is a minority of a priori interested. Then the number of 
interested is constantly growing until 1992 where there is a sharp increase, due to the addition of 
newly eligible farmers for ESA2, who were already interested because of their discussions in their 
network. One can see that the number of interested farmers in the second ESA is high at the beginning. 
The relatively slow progress of the adoption curve comes from the necessary delays of the visits and 
farm plan elaboration, but to the necessary delay of five years after the first adoption.  
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Figure 5.20 : Evolution of the social opinion for the example of good fitting. The messages of the 
society have a big impact, especially in the period of ESA2. 

The social opinion is globally shifted toward positive values and more consensus, except for a 
minority group which is still close to 0. Note that we called the external influence “society” arbitrarily. 
It could very well be the advisor who also has partly such an influence. 

5.2.1.9.2 Example of simulation of type 2 (medium with high error at T1) 
An example of evolution of type 2 is given on figure 5.21. The values of the parameters are given by 
table 5.9. We note that the adoption curve for ESA1 is much simpler : rapid increase and then a 
plateau. The evolution of adoption for ESA2 is similar, except that the delay for re-adoption slows the 
curve. A larger number of links explains also the rapidity of the evolution. 

Description of the parameter values 
Diffusion of information through institutional network Yes 
Society influence No 
Information transmission rate 0.05 
Mean of the initial mean social impact distribution 0.1 
Standard deviation of the mean social impact distribution 0.05 
Average number of neighbourhood links 3 
Table 5.9 : parameter values for the example of type 2 (medium simulation with high error at T1 and 
low for the other points). 

The too rapid increase of adoption, especially in ESA1 explains that the error is high at T1.  
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Figure 5.21 : example of evolution of not interested, uncertain, interested, visited and adopters in the 
type 2 simulations. 

5.2.1.9.3 Example of type 3 simulation 
An example of type 3 is given by figure 5.22 . the parameters of this simulation are given on table 5.9. 
The problem is similar to the previous case : the curve of adoption arrives to a plateau and stays there. 
There is no external source which makes the farmers change their mind progressively. 

Description of the parameter values 
Diffusion of information through institutional network No 
Society influence No 
Information transmission rate 0.01 
Mean of the initial mean social impact distribution 0.1 
Standard deviation of the mean social impact distribution 0.1 
Average number of neighbourhood links 3 
Table 5.10 : parameter values for the example of type 3 (medium simulation with low error at T1 and 
T3 and high for T3 and T4). 
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Figure 5.22 : type 3 simulation : the error is low at the beginnings and high at the ends of tyhe 
adoption curves.  

5.2.1.10 Concluding remarks about the simulations of Breadalbane ESA 
The situation is very similar to a case where the model is calibrated on a first phase, ESA1, and then 
tested on the second : ESA2. An interesting point about the simulations is that the best fitting the 
ESA1 adoption are also the best  fitting the ESA2 adoption. This can be interpreted as a good sign for 
the predictive capacities of the model. 

However, some caveats must be underlined : in this particular case, all farmers are very favourable to 
the measure at the beginning of ESA2, and the shape of the curve is almost in totality due to the 
frequency of the visits by the technician, and the dates of renewal of ESA1 contracts after 5 years. 

5.2.2 Conversion to organic Farming in Allier (France) 

5.2.2.1 Generation of the farming population and social networks 
The farming population of Allier was generated through the method described in the previous chapter. 
The phase 2 interviews gave us very partial results about the social networks. Clearly, the sample is 
not representative of the population we want to model.  

However, the model is in this case particularly schematic because, as seen in the study of the general 
model, the distribution of neighbourhood links depends much on the spatial distribution of the farms. 
The procedure of localisation of the farms for Allier gives only a very rough idea of this spatial 
distribution.  

Therefore, the distribution of neighbourhood links is very approximate in this model. 

The professional links are related to the distance of each farm to the nearest city, or market centre. The 
rationale is that the professional organisations, meetings and so on happen in these cities and structure 
the professional links between farmers. 

Finally a very small number of random links was chosen (0.1 ) on average.  
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Figure 5.23 gives an example of generated network. 

Figure 5.23 : Example of generated social network in Allier. The blue lines represent social links. The 
majority of the links correspond to geographic neighbourhood, but some links going through large 
parts of the département can also be seen. These are the random links. 

5.2.2.2 Evaluation of the personal impact 
We studied mainly the financial impact of the conversion (see Huet and Deffuant 2001 for the details). 
The evaluation of the financial impact of the conversion to organic farming is a very delicate problem 
because of the lack of references and the high variability of this impact with the quality of the land, 
and other parameters on which we do not have information. We developed a simplified model of this 
financial impact based on the following steps : 

• = definition of a simplified model of the financial impact for the period of conversion and after 
conversion. This model is limited by the available variables in RICA data. It takes as input the 
characteristics of the farm, the specifications of the measure (level of subsidies), and involves 
several parameters ruling the decrease of yields, the prices of organic products… 

• = definition of possible ranges of values of variation for the parameters. These values come from the 
literature about organic farming. The combination of all these values of parameters gives a large 
set of possible models. 

• = Selection of a set of models by elimination of the models which are not compatible with the 
available references. The selection is related to the effect of the load of the farm and by the study 
of the effect on a farm which particularly close to the typical organic farms. 

The final selection of models gives a range of possible values for the lower and upper impact. This 
calculation is used to defined the personal calculation from the farmer, and the result of the technico-
economic study. 

Four periods are considered for the impact calculation : 
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• = Period 1 : no subsidy for the conversion, 

• = Period 2 : First ceiling of the subsidy (30 000 F per year per equivalent full time work in the farm, 
limited to two workers) 

• = Period 3 : second ceiling of the subsidy (60 000 F per year per equivalent full time work in the 
farm, limited to two workers) 

• = Period 4 : no ceiling. 
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Figure 5.24 : the histogram of financial impacts in the farming population of Allier for the four 
periods. The results are negative for a majority of the population, but they are improved by the 
introduction of the subsidies. 
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Figure 5.25 : Number and percentages of farms for which the financial impact is positive (taking into 
account the uncertainty). We note that the evolution of the subsidies has a very significant impact. On 
the right, we note that the percentage of prototypes is lower than the percentage of farms. It means 
that the considered prototypes represent more farms than the average. 

5.2.2.3 Initialisation of the social impact 
The initialisation of the social impact is based on the analysis of the interviews results, and also on 
various sources of other data.. In particular, we used a study made in 1991, in which the farmers were 
asked about their priorities for the five next years. We noted that 10% of the farmers envisaged to 
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convert a part of their productions to organic. On the other hand, 13% had the project to intensify their 
production. 

Considering also the strong set of values which are related to organic farming, with ethical aspects, a 
distribution including very convinced people (extremists) on both sides seems appropriate. We test a 
number of extremists of about 10%. 

The values of the mean value of the social opinion and its standard deviation were constrained by the 
following reasons : 

the values of –0.2 or +0.2 correspond to extreme positions, because when they are added with the 
financial evaluation in the aggregated function, it means that the agent is ready to pay or to loose 20% 
of his benefit because of his social convictions. 

The mean of the social opinion about organic farming is very probably negative at the beginning of the 
simulation (1992). The majority of the farmers consider organic farming as marginal practises. 

5.2.2.4 Modelling the institutional process 
The study of the institutional process and of the messages of the press showed that one can distinguish 
three main periods which are described in the presentation of the measure in chapter 3. In the model, 
we made the following simplifications : 

we considered that the main institution in charge of the promotion sent only information about the 
financial interest of the conversion, and the technical risks or problems. Practically this means that in 
the model the institution sends only information messages, and no “social” messages. The information 
messages are boolean values which express that the farmer has enough knowledge to make a personal 
calculation of the impact, and if he is aware of the current subsidies. 

We modelled the global trend in the society which gives more importance to the environment, and also 
to the quality of the agricultural products by a global source of messages which touches at random all 
the farmers with the same frequency, and delivers a positive social message. Table 5.11 shows the 
number of articles about organic farming which we found in the local papers. The counting includes 
some reference to national papers, but is not exhaustive. 

Years Number of messages 
1992-1993 8 

1994 21 
1995 38 
1996 50 
1997 92 

From 1998 Almost daily messages
Table 5.11 : number of message in the local press. 

We considered four periods in the model, and the farmer receive (on average) the following number of 
messages each year : 

• = from 1.03.1993 : 2 messages per year, 

• = from 1.06.1995 : 12 messages per year, 

• = from 1.01.1997 : 45 messages per year, 

• = from 12.06.1998 : 75 messages per year. 

The study of the messages during the period led us to propose the following set of messages from the 
society : 

• = from 14.10.1994 : mean broadcast opinion 0.1 uncertainty 0.08 (organic farming is a quality 
label), 

• = from 14.06.1996 : mean broadcast opinion 0.15 uncertainty 0.1 (BSE crisis push people to be 
interested to this label which assure of food tracability), 
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• = from 19.12.1997 : mean broadcast opinion 0.2 uncertainty 0.1 (the French Prime Minister invites 
farmers to convert), 

• = from 12.06.1998 : 0.25 uncertainty 0.1 (a national politic to support organic farming is 
implemented). 

5.2.2.5 Parameter exploration 
A first parameter exploration focused on the initial value for the mean social opinion and the 
corresponding standard deviation, without the messages from the society. We extract from this first 
exploration the values which led to low numbers of adoption, because the addition of the positive 
messages from the society tend to increase this number. 

Description of the parameter value 
Reflection time for adoption 1 week 
Interest threshold 0.05 
Average number of neighbourhood links 4 
Average number of random links 0.1 
Average number of professional links 0.2 
Frequency of neighbourhood interactions 0.1 times per 

day 
Frequency of professional interactions Once a month 
Frequency of interaction in random links Twice a year 
Frequency of message meeting with the institution (when the farmer 
is in the network of the institution) 

Once a year 

Frequency of messages from society  See above 
Mean value of the society message See above 
Uncertainty of the society message See above 
Percentage of extremists 13% 
Uncertainty of the extremists 0.01 
Table 5.12: fixed parameters in the exploration of the model applied to Organic farming in Allier. 

Description of the parameter Values 
Information transmission rate 0.1, 0.2 
Mean of the initial mean social impact distribution -0.15, -0.1, -0.05 
Standard deviation of the mean social impact distribution 0.1, 0.2, 0.3 
Uncertainty of extremist 0.01, 0.05 
Uncertainty on the social opinion 0.1, 0.2 
Communication noise 0.01, 0.02, 0.03 
Discussion diffusion 0.2, 0.25, 0.3, 0.4 
Uncertainty percentage for personal economical impact calculation 10, 20 
Table 5.13 : varying parameters in the exploration of the Organic farming in Allier model 

5.2.2.6 Results 
Figure 5.26 shows the diversity of the results which can be obtained within the range of chosen 
parameters (considering the number of adopters on 31.12.1999). The actual number of adopters being 
111, be particularly focus on parameter stets corresponding to the bottom left part of the curve.
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Mean and standard deviation of adopter's number for different parameters
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We consider the parameter sets leading to average values between 90 and 138 adopters on 31-12-1999. 

Mean and standard deviation of adopter's number on 31.12.1999 
for the interesting parameters
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Figure 5.26 : Zoom on the simulations which are close to the actual number of adopters on 31-12-
1999. 

This selection leads us to consider 7 configurations of parameters are compatible with the data about 
the adoption. These configurations are represented in table 5.14. 
 Information 

transmission 
probability 
(omega) 

Social 
influence 

Mean of mean 
opinions 

Standard 
deviation of 
mean opinions

Uncertainty of 
the rest of the 
population 

Number of 
Adopters 
(average over 
20 
simulations) 

Standard 
deviation on 
the number of 
adopters (%) 

A 0.1 0.3 -0.15 0.1 0.2 87,8 14,55 
B 0.1 0.3 -0.1 0.1 0.2 114,3 15,89 
C 0.2 0.3 -0.15 0.1 0.2 143,4 15,09 
D 0.1 0.3 -0.1 0.1 0.2 100,4 11,37 
E 0.2 0.4 -0.1 0.1 0.1 119 31,64 
F 0.1 0.4 -0.1 0.1 0.2 121,8 12,05 
G 0.1 0.3 -0.1 0.1 0.1 129,4 32,79 

Table 5.14 : the values which are the most compatible with the data of adoption (111 adopters on 
31.12.1999). 

We now study these 7 cases. 

We identified two social dynamics : 

• = A and C with an mean initial social opinion of – 0,15 

• = B, D, E, F, G with a mean initial social opinion of – 0,10 

For both of them the majority shifts toward more negative values. However, the shift is more 
important for dynamics A..  
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For both these dynamics, a group of positive extremists appears (later for dynamics A). In both cases, 
the positive extremists have a mean opinion at 0.33.  As an example, figures 5.27 and 5.28 give more 
details on the evolution of the social opinion of the farmers and the evolution of the number of farmers 
in the different interest phases. 
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Figure 5.27 : Evolution of the distribution of social opinions in the case of parameter values A. 

Evolution of the number of farmers in each phase (A)
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Figure 5.28 : evolution of the number of farmers in the different phases. 

5.2.2.7 Concluding remarks about the application of the model on organic farming 
conversion in Allier 

The presented results are very preliminary. A more systematic exploration of the parameter space is 
necessary. In particular, the shift toward negative values of the majority of farmers is a counter  
intuitive result. It is likely that other parts of the parameter space are compatible with the constraints of 
the data, without this average worsening of the social opinion about organic farming. 
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5.2.3 Reduction of inputs in Isère (France) 

5.2.3.1 Generation of the farming population and social network 
The farming population comprises 97 farmers which characteristics were reconstituted from different 
sources. The model is restricted to the farmers who are concerned by the measure, which means that a 
part of their land belong to the catchment perimeter (see presentation of the measure in chapter 3). 

Eight communes and the same number of catchment perimeters are considered. 

The farmers are localised by commune and by catchment perimeter. The percentage of the land in the 
catchment perimeter is known.  

 
Figure 5.29 : example of generation of the network in the Isère study zone. We note that the number of 
farms in each commune can vary significantly. A small number of links connect the dense commune 
networks.  

The phase 2 interviews in Isère were done by post, and the part on the social networks has been 
removed. Therefore, we have no specific information about the social networks in this study zone. We 
adopted a range of medium possible values for these parameters. 

We considered that all the farmers of the different communes could be in the same professional 
networks. Therefore, the condition for the professional link is based on the farming system. 

5.2.3.2 Evaluation of the personal impact 
The financial impact was evaluated by taking into account the following elements : 
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the estimation decrease of yield due to the reduction of inputs, varying according to the type of 
culture. 

The surface in the catchment perimeter. 

More detailed information about this model can be found in (Perret et al.). 

This impact is not initialised (the farmers have no opinion about it at the beginning of the simulations). 

Histogram of financial impacts in Isère
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Figure 5.30 : evaluation of the farm impact of adoption on the farm benefit in Isère. Most of the 
impacts are close under 10%. 

Distribution of financial impact (with uncertainty) in Isère
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Figure 5.31 : distribution of the financil impact with the uncertainties. We adopted an uncertainty 
which is proportional to the value of the impact. This leads to a smoother for high positive or negative 
values. 

5.2.3.3 Initialisation of the social impact 
The initialisation of the social impact is the main difficulty of the simulation. As suggested in the 
analysis of the interviews on the zone, the social aspect played certainly an important role. We know 
that for instance the perimeters where the measure was financially attractive did not systematically 
adopted, and vice-verca. 
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5.2.3.4 Dynamics of the measure implementation and decision process 
The dynamics of implementation is very specific in this study zone because there is a need to reach a 
particular threshold of agreement from the farmers in order to implement the measure. This leads also 
to a particular dynamics of decision process, in which the collective aspect is more important than in 
the other study zones. 

However, the abstract model presented in chapter 4 could be adapted to the particularities of this zone 
without too important changes. We simplified the institutional action by considering the same 
sequence for each catchment perimeter which comprises : 

an information meeting to which we suppose that all the concerned farmers attend. In this first meeting 
some information is given to the farmer, and most of them do a personal evaluation by themselves. 

a systematic visit of a technician in each farm, in which the farmer has a more accurate evaluation of 
the personal impact of adoption. These visits take place in a random order, and with a given frequency 
which is the same for all the catchment perimeters. 

After a period of several months (we chose 5 months), the farmers count whether they have the 
majority or not at a “decision” meeting. 

If there is the majority, then the measure is actually implemented and the farmers of the perimeter who 
want to adopt can. If not, then no farmer can adopt in the perimeter. 

Technically this could be achieved with minor modifications of the general classes “Institution” and 
“Farmer”. The modifications include : 

the introduction of a specific event which triggers the visits (the information meeting), 

the fact that the adoption of a farmer requires that the  decision meeting took place and that a majority 
is in favour of the measure. 

5.2.3.5 First example of application of the model 
The application of the model to the study zone only began. We now give a few examples of results. 
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Figure 5.32: The error over 10 simulations for the decision at the perimeter level. The rows at 8 and 
10 are the villages which refused the measure. We note that for this set of parameters, the tendency to 
adopt is quite similar for all the villages (it is mostly ruled by the social initial opinion). 
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Error on adoption rate when adoption is possible
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Figure 5.33 : Frequency of individual adoption in each perimeter (the frequency are counted only 
when the adoption is possible). The rows 8 and 10 are the villages which refused the measure, this 
explains why that their error rate is high.. 

Figure 5.32 and figure 5.33 illustrate a first exploration of the problem. This first exploration shows 
that it is difficult to find a set of parameter values which reproduced the adoption of the perimeters 
which took place in the reality.  

Since we know that the economic impact was not the main reason of the decision, as in the abstract 
model, the main parameter ruling the decision is the initial social anticipation. In the model, the initial 
social anticipation is drawn from the same distribution for all the villages. The differences of a priori 
opinions are therefore distributed at random. This explains why, if it is possible to get by chance a 
distribution which leads to the results observed on the ground, we cannot reproduce it regularly. 

A direction of improvement could be to introduce in the institutional scenario more of the institutional 
messages before the implementation of the measure, which can explain differences of attitude of the 
population.  

However, it could be that the problem of Isère, with this particular collective procedure, reaches the 
limits of the core model developed in the project. A further study would probably require a deeper 
adaptation of this core model to the problem.  

In particular, it appears that one anticipation of high importance for the farmers during the period of 
collective decision process, is to evaluate the chances to get a majority for or against the 
implementation of the measure. This anticipation is not taken into account at all in the current model, 
which is more adapted to an individual decision. 

Moreover, a specific theoretical approach to the problem, based on an abstract model of this collective 
decision for an abstract, simplified perimeter would be necessary to better understand the specific 
effect of the introduction of such anticipations on the collective decision.  

Note that, although probably important in terms of the dynamics of the system, such modifications of 
the model can be relatively easily reachable, because they could inherit an important part of the 
existing structure (social influences, treatment of uncertainties…). 
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5.2.4 Reduction of inputs in Pavia province (Italy) 

5.2.4.1 Generation of the population and social network 
The generation of the population is described in the first section of this chapter.  

The data about the social networks show a significantly lower number of links between the farmers of 
this region (in particular the neighbourhood links). This is probably due to the fact that the farms are 
large and far from each other in the valley. 

5.2.4.2 Evaluation of the financial impact 
A very detailed model of the financial impact of the measure was developed during the project (see 
progress report year 2). However, we simplified this model for its integration into the global model, 
and finally we considered a model which is similar to the one used in Isère. 

The results of this calculation are given on figures 5.34 and 5.35. 

Histogram of financial impact for Pavia reduction of input.
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Figure 5.34 : Histogram of finanial impact in the Pavia region. 

Distribution of financial impact (taking into account the uncertainty)
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Figure 5.35 : distribution of the financial impact, taking into account he uncertainty, which is 
supposed proportional to the mean impact itself. 



IMAGES project – Final report – version 2  

   

182 

5.2.4.3 Model of the institutional action 
The implementation took place in a standard way, with information meetings. When the farmers were 
interested, they mainly addressed to their unions to get more information. 

We know from the institutional surveys that the unions did not promote very actively the measure at 
their beginning. They found that they were not very interesting for the farmers. Then, after the change 
of 1997 in the specifications of the measure, the unions become more involved in the promotion.  

We tried to translate this into the model by considering an increasing availability of the advisors for 
the farmers who were interested by the measures. 

Event date Not interested  Uncertain  Interested  
First meetings Beginning 1995 0 50% 70% 
Low involvement of 
unions 

From beginning 1995 - - - 

Change of the measure Autumn 1997 - - - 
Second meetings Beginning 1998 0 50% 70% 
Higher involvement of 
unions 

From beginning 1998 - - - 

Table 5.15 : institutional actions for Pavia study zone 

5.2.4.4 Preliminary exploration of the model 
Figure 5.36 show some results of parameter exploration with the previously described institutional 
scenario. 

Figure 5.36 : Results of a first exploration of the model : adoption error at the end of the simulation 
for different values of the parameters. 

As shown in figure 5.36, the first exploration allowed us to identify stets of parameter values which 
are compatible with the data. Further study of the behaviour of the model for these values will be 
necessary. 
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6 Conclusion 

 

6.1 Summary of the achievements 
The project led to the elaboration of several innovative approaches in a multi-disciplinary context, 
within cycles of data collection, elaboration of models, critique and definition of new needs for the 
data collection. Each part of the cycle brought some results. 

6.1.1 Data collection and analysis results 
The primary data collection effort was significant : more than 400 farmer interviews, more than 100 
other actors interviews. It took place in two phases, and brought the following main results : 

The first phase (more than 300 farmer interviews) shows an clear difference between adopters and 
non-adopters in their attitude related to the information. Most of the adopters tend to be active and 
look for information about the measure whereas the most of the adopters seem to make a decision 
without considering the measure in its details. Most of them do not have a clear idea of the impact of 
the measure on their farm (except in particular cases where systematic visits of the farmers by a 
technician took place). Moreover, the first phase of data collection showed that the decision process 
can take very variable time scales, even for farmers who were interested at the beginning. 

The second phase, based on the multi-criteria framework gave us a representation of the different 
dimensions which are considered in of the decision, and to understand better the types of trade-offs 
made by the farmers. Moreover, it gave us more precise information about the interactions of the 
farmers and the influence of these interactions. 

The actor interviews allowed us to better understand the mechanisms of measure elaboration and 
implementation. 

6.1.2 General model elaboration 
The model elaboration was fed by the data collection. However, the second phase results appeared too 
difficult to generalise. In the final version of the model we simplified the intermediate prototype which 
was based on a multicriteria approach. In particular, instead of considering a large number of 
dimension of the decision, we restricted the model to the two basic criteria which are found in the 
classical threshold innovation diffusion models : an individual and a social criterion. This allowed us 
to eliminate a large number of parameters which were very difficult to validate. The dynamics of 
discussion diffusion was also radically simplified. However, this simpler model still extends the 
classical threshold innovation diffusion model in several directions. 

• = In order to model the results of the first phase of data collection about the information and 
decision process, we introduced three stages of interest (not interested, uncertain, interested), 
which lead the agents to different attitudes toward the information : only interested or uncertain 
agents have an active attitude and tend to take contacts with the sources of information. The 
definition of the interest stages takes into account the uncertainty over the evaluation of the 
consequences of the decision. These are significant differences with the classical innovation 
diffusion model, in which only two states of the agent are considered (non-adopt or adopt). 

• = In the classical threshold model, the social influence is proportional to the number of adopters in 
contact with the considered agent. In our model, the social influence is based on a continuous 
opinion which is modified through interactions, independently from the adoption of the other 
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agents. This modification appeared necessary in a problem where the decision of one agent has no 
direct consequences on the others.  

• = We proposed an innovative model of the influence of opinions, which takes into account a 
certainty or a conviction about this opinion. This approach allows to model the constitution of 
clusters of similar positions and the particular influence of more convinced agents. We began the 
systematic study of these dynamics, depending on the hypotheses on the initial distribution of the 
continuous opinions and uncertainties. 

• = In the classical threshold model, the individual part of the evaluation is an a priori bias, which 
varies in the population. It is supposed fixed and well known by each agent. In the problem of the 
agri-environmental measure adoption, this hypothesis is difficult to hold because the farmers need 
some information in order to evaluate their individual interest in the adoption. Therefore, the 
dynamics of information transmission is very important, and we incorporated a simple dynamics 
of information diffusion in the model. 

• = We proposed a model of this dynamics which is inspired by the “two steps” model of the 
sociologists. This model postulates that some agents are more in contact with the sources of 
information and diffuse it to the rest of the network, with a decreasing intensity. This is an 
important difference with the classical cellular automata models in which the interactions take 
place in totally random order. 

• = We proposed a model for the generation of the farmer social networks which is based on the data 
collection results. This model involves three types of links : neighbourhood, professional and 
random. It relates to the recent literature about social network models. 

The global model, coupling all these sub-models, even simplified compared to the first version 
prototype, shows complex dynamics which must be studied with an adequate strategy. We chose to 
study the sub-models on their own before studying their interactions in simulations of the global 
model. This work can be summarised in the following main steps : 

• = The study of the social network generation models, using the classical indicators coming from 
social network analysis : the closeness centrality and the betweenness centrality. This study is 
based on a choice of exploration of the parameter space which corresponds to the values found in 
the data collections. 

• = The study of the discussion propagation dynamics, using a direct calculation of the probability of 
an agent to be reached when a set of sources are activated. This led to the definition of a method 
approximating the minimum sets of sources in order to reach probably almost the whole network. 
These sets of optimal sources appear to be an interesting means to characterise the properties of 
the network.  

• = The study of the social influence dynamics was done by isolating typical types of convergence 
(supposing that a given percentage of extremists are present in the population) : central 
convergence (the majority of the population keeps a moderate opinion), both extreme convergence 
(the majority of the population is evenly distributed in the extremes), and single extreme 
convergence (the majority of the population converges to one extreme). The main results are that 
the convergence to the extremes takes place only when the initially non extremist part of the 
population has a very large uncertainty, and that the single extreme convergence takes place only 
when all the agents are in contact (mob dynamics). These results correspond to broad sociological 
observations and give some credibility to the chosen dynamics. 

• = The global model integrating all its part was studied by simulation, in an abstract generic case. In 
this abstract model, the personal impact calculation is a normal distribution which parameters 
define whether the measure is economically favourable or not to a majority of farmers. In this 
abstract model, we test a set of possible actions done by the implementing institutions 
(organisation of information meeting, visits). The results showed that the initial social opinion 
plays a particularly important role in the level of adoption, together with the means of diffusion of 
information. The connectivity of the farmer network can also modify dramatically the level of 
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uptake. Moreover, we showed that the effect of designating privileged interlocutors who almost 
cover the whole network is in general positive on adoption, but can be negative in some particular 
cases. This result of the model seems in accordance with observations made in sociological 
surveys, which gives the model some credibility. 

6.1.3 Application of the model to the study zones 
The theoretical study was performed in parallel with the study of the model application to a selected 
set of study zones (four of them). This work included : 

• = The development of a general method for reconstituting statistically sound populations of farms, 
in terms of the variety of productions and their spatial distribution, using a combination of 
generally available secondary data sources (FADN and census data). 

• = The development of specific modules, approximating the effect of the adoption of the considered 
measures on the set of considered farms in the population. A rough evaluation of the uncertainty 
connected to this calculation was also necessary. 

• = The adaptation of the general model to the particular aspects of the study zone. In particular we 
defined a simplification of the real set of implementing actions, and tested some variants. 

We tried to limit the exploration of the parameters by using some expert knowledge about the measure 
and its history. We only restricted ourselves to the study of the behaviour of the model compared with 
the past data. 

The main conclusions are the following : 

• = In 3  study zones over 4, the model could be adapted to the particularities of the actual situation, 
without major changes, the preliminary exploration allowed us to identify subparts of the 
parameter space which satisfy the constraints of the data. In the study zone where this first 
exploration failed (reduction of inputs in Isère), a refinement of the institutional scenario could be 
sufficient to improve significantly the results. We did not have the time to test it. However, it 
could also be that the particular collective decision of this zone reaches the limits of the model, 
and that a deeper adaptation would be necessary.  

• = A first examination of the results confirmed the result obtained on the abstract model : a large part 
of the work is focused on the hypotheses about the initial distribution of social opinions : its 
average, standard deviation, the presence of extremists or not. From this hypothesis, the model 
gives the evolution of the global social feeling about the measure, the constitution of different 
groups. 

• = This first examination led to the identification of small sets of types of evolution which can be 
further analysed and confronted to other data. 

This work is only at its beginning : we did not have time to perform really systematic exploration of 
the parameter spaces, and the obtained conclusions are very partial.  

6.2 Limits 
This report hides a large part of the exploratory work done during about four years. In particular, we 
did not present the work on the first attempts of modelling, and also the first development prototype. 
This first prototype was more ambitious and aimed at representing the decision in a more precise 
multi-criteria approach. The design of the second phase questionnaire corresponds to this orientation. 
The quality of the data, and the complexity of exploration related to such models led us to a different 
compromise in which the model was simpler, but still extending significantly the current classical 
threshold model of innovation diffusion. 

This reference to the models of innovation diffusion, although identified in the very beginning of the 
project (Chattoe and Gilbert 98), did not structure our research until its very last months. One of the 
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main reasons is that the study of the threshold model of the sociologists through cellular automata 
models began their main development in parallel to the project, and that our attention was brought to 
them lately. In this report, we privileged the final coherence in the presentation, and this explains why 
the innovation diffusion model appears such a structuring reference.  

However, it is important to stress in this conclusion that the process of elaboration has been much 
more complicated than it appears in this report. This non linear process of model design, with many 
loops of interactions between modellers and specialists of rural sociology, economy and the 
environment, is a direct consequence of the global method of multidisciplinary work adopted in the 
project. This method is based on frequent interactions between the members of different disciplines, in 
order design the model through successive phases of proposal and critique.  

Because the cycle of questionnaire design, interviews and data analysis is much longer than the 
conceptual evolution of the model, it always remained a few steps behind. This is one of the main 
difficulties of the adopted method. It implies that important parts of the model have only an indirect 
validation : the model of social influence and the model of discussion propagation. The study shows 
that they lead to plausible interesting results. However, a more rigorous evaluation would require the 
elaboration of  specific experiments of data collections. 

Moreover, this long elaboration, with the first test of a prototype which was totally rewritten after its 
critique explains the lack of time remaining for a really systematic study of the final version. This 
leads to stress several limits of the results : 

• = More systematic studies of the behaviour of the abstract model would be necessary. Moreover, 
concerning the influence model, more theoretical approaches of the dynamics are under 
development, and will allow us to get better established results. 

• = The application of the final version of the model on the study zones could not be done in the best 
conditions, because of lack of time. It is very likely that better and more robust results are 
reachable through a more careful exploration. 

• = The models were only partially tested on past data. We did not have time to carry on seriously the 
study of their use in a prospective purpose. 

To summarise, the results of this project do not have enough maturity to be directly used by decision 
makers or technicians on the ground. However, during the steering committee meetings, and the 
discussions with the technicians specialised in the implementation of the measure, we noticed an 
important interest to the concepts and the ideas we developed. Some of them are motivated to continue 
the collaboration. 

6.3 Potentialities 
The first study of the model is sufficient to get an evaluation of some of its potentialities. A major 
interest of the model is the integration within a single coherence of several points of view which are 
usually disconnected :  

• = the social influence and influence of others in the decision which comes from the innovation 
decision model, 

• = the multi-criteria analysis of the decision, which gives a very general framework for the evaluation 
of the opportunity to adopt at a single moment, 

• = the information search and transmission connected to the evaluation of an individual benefit, 

• = the importance of the uncertainty in the decision and in the social interactions. 

We showed that the global structure of this integration is applicable for the implementation of very 
different measures, without major changes.  

The details of the choices made for the dynamics (discussion diffusion, social influence) can easily be 
modified and new variants tested in the future, within the global structure of the model. The global 
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structure integrating the different components will keep a high potentiality for the analysis of the type 
of social dynamics taking place in the adoption of agri-environmental measures. 

This interest could go beyond the case of the agri-environmental measures, because the model fits the 
general situation of facing complex individual decision which involves social dimensions (the question 
of GMO diffusion would be particularly interesting for instance).  
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