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Abstract: The drivers of conversion to organic farming, which is still a residual choice in agriculture, are poorly
understood. Many scholars argue that farm characteristics can determine this choice but do not exclude the
role of social dynamics. To study this issue, we developed an agent-based model in which agents’ decisions to
shift to organic farming are based on a comparison between satisfaction with the current situation and poten-
tial satisfaction with an alternative farming strategy. A farmer agent’s satisfaction is modelled using the Theory
of Reasoned Action. This makes it necessary to compare an agent’s productions over time with those of other
agents to whom the former attributes considerable credibility (“important others”). Moreover, farmers make
technical changes that affect their productions by imitating other credible farmers. While we first used this
model to examine simple and abstract farm populations, here we also adapted it for use with data from an Agri-
cultural Census concerning the farm characteristics of dairy farming in 27 French “cantons”. Based on domain
expertise, data and previous research, we propose certain laws for modelling the impact of conversion on the
farm production of milk and the environment. The simulations with “real” populations of farms confirm the im-
portant impact of farm characteristics. However, our results also suggest a complex impact of social dynamics
that can favour orimpede the diffusion of organic farming through dynamic implicit networks of similarity and
credibility. We confirm the great importance of demographic changes in farm characteristics.

Keywords: Organic Farming, Adaptation, Theory of Reasoned Action, Agent-Based Model, Social Influence,
Credibility

Introduction

Despite its economicinterestin France (Dedieu et al.[2017;/Sainte-Beuve et al.[2011) and the increasing consumer
demand for organic food, organic farming is still a residual choice for farmers. Conversion to organic farming
is thus a rather poorly understood change in farming behaviour. One of the major issues in understanding this
change consists in distinguishing between the role of farm characteristics and that of social dynamics in the
process of adopting organic farming. The position varies with the chosen disciplinary approach. Agronomists
argue that farm characteristics play the dominant role (Neumeister et al.|[2011; |Pavie et al.|2002;|De Buck et al.
2001), economists argue that prices and funding are responsible (Kaufmann et al.[2009; |Kerselaers et al.|2007;
Latruffe et al.|2013), and social psychologists claim that subjective norms and professional identities are the
determining factors (Lamine & Bellon|2009; Padel|2001; Burton & Wilson|2006;[Mzoughi|2011;|Stock2007).

We recently tried to address this issue by implementing a recent view of the social dynamics of this adoption
in an agent-based model (Xu et al.[2018). Indeed, conversion to organic farming has been qualified, not only
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as an innovation adoption, but also as a major change (Sutherland et al.[2012) or a transformational adapta-
tion (Rickards & Howden|2012; Dowd et al.[2014), as well as a social movement (Sutherland & Darnhofer|2012;
Fairweather et al.[2009; Darnhofer et al.[2005; |Rigby et al.|2007; Pavie et al.[2002). It often implies that farm-
ers change their worldview and social networks and generally begins with a powerful need for change (Barbier,
et al.[2015;|Sutherland et al.|2012). This change, which involves a number of social processes relating to farms,
farmers, their peers and their environment, has rarely been studied (Burton et al.2003). This is why, in|Xu et al.
(2018), we proposed a model that includes both major and minor changes as possible causes for the evolution
of farmers and their farms. A minor change consists in copying the practices of similar credible farms. This imi-
tation heuristic represents the dynamics of changing practices with a view to adopting the relevant practice that
is perceived as offering the highest performance (based on the copying of more credible — i.e. more productive
— neighbours, who are relevant information sources since they have similar farms). A major change is based on
satisfaction with the current strategy (conventional or organic). When this level of satisfaction is too low, it may
be compared with the level which the farmer would have if the alternative strategy were adopted. Satisfaction
levels are computed based on the evolution of farm productions (positive or negative) and a process in which
the farmer’s current productions are compared with those of other farmers. The farmer changes strategy when
his/her satisfaction with the alternative strategy is sufficiently greater than his/her satisfaction with the current
strategy. This satisfaction involves two important aspects of the farmer’s identity: the desire for security and/or
the desire to improve results by exploiting changes in production levels, on the one hand, and the desire to be
a “good farmer” in comparison with credible others, on the other. A strategy change implies changing the na-
ture of the farm’s production, and thus changing one’s view of the credibility of other farmers with reference to
these productions. Therefore, minor and major changes modify the social networks associated with similarity
and credibility among farmers. This model is described in detail in Sections 2.1-2.52, in which the results of the
first study are also presented.

This first study, performed on highly simplified models of farms, suggests a variety of possible trajectories for
farmers (and their farms) explaining why they do not adopt organic farming. However, the implemented popu-
lations are very simple and itis ourintention to extend the approach to embrace more elaborate and data-driven
models of farmers and farms.

More precisely, our model includes minor changes of practice resulting from the imitation of similar peers (i.e.
having similar farms) who are credible — credibility being assessed by comparing one’s own with other farmers’
productions. It also includes major changes of strategy (i.e. conventional or organic farming) that are driven
by the satisfaction with each strategy. Farmers’ satisfaction levels are based on the development of their own
productions as well as on a comparison of one’s own productions with those of other credible farmers. Thus,
the credibility that farmers attribute to each other can be seen as an influence network which is related to the
similarity between farms (despite the fact this network is not modelled as a network). This influence network
and its evolution have a significant impact on the adoption rate in the model. The farms in|Xu et al.| (2018) are
divided into three categories (small, medium and large potential milk production) and the farms in the different
categories do not interact much since the interactions rely strongly on similarity between farms. More elaborate
farm models are expected to extend the scope of similarity, affecting related farmer credibility and, potentially,
the organic farming adoption rate.

In this context, the present paper attempts to achieve two aims:

e To extend the model proposed inXu et al.[(2018) to more highly elaborated and data-driven farm repre-
sentations;

e To analyse the simulations in the model by focusing on the role of social dynamics, as compared to the
role of the farm characteristics, in the adoption of organic farming.

We use data on French dairy farmers. The level of organic farming remains surprisingly low in this type of farm:
France is a major milk producer, but only 2.4% (in 2016) of produced milk is organic. This adoption level justifies
placing the focus on social dynamics and farm characteristics in the model. Indeed, the numerous dairy crises
and increasing knowledge about how to farm organically have made the conversion financially profitable, as
shown in France by|Dedieu et al.[(2017) and |Sainte-Beuve et al.|(2011). At the same time, [Latruffe et al.[(2013)
have shown that, unlike vegetable farmers, who mainly consider the economic impact of the conversion to or-
ganic farming, dairy farmers focus on the technical and identity-related aspects. This is why, considering that
the costs and benefits balance one another out and therefore make organic farming equally interesting eco-
nomically as conventional farming (Dedieu et al.[2017), we ignore the economic dimension and focus on social
dynamics, and in particular on the social identities of “good farmers” in the sense of “large-scale producers”.
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France is the second largest European cow’s milk producer after Germany. In 2016, there were 58,000 dairy
farms in France, 2248 of which were organic farms (3.88%). The change in the number of organic dairy farms
since 2001 is presented in Figure([i]

The implementation of our model for dairy farming in France is presented in detail in section 2.53-2.65. Our
virtual population represents dairy farmers at the “canton” level (French administrative area as defined until
the end of March 2015). This choice was made since a “canton” is a sufficiently small French geographical area
for us to be able to assume that all the farmers in a canton know each other. It is also small enough for us
to assume that all the farms in one and the same canton are exposed to the same agronomical constraints,
for example in terms of soils, altitude, etc. Finally, it is described by the French Agricultural General Censuses
(FAGC) in terms of farming activities.
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Figure 1: Evolution of the number of organic dairy farms in France from 2001 to 2015. (Ennifar & Allain|2016)

We therefore chose 27 French “cantons” which had at least 60 dairy farmers in 2000 and which varied in their
average farm characteristics (see Figure[l|in[Appendix Alfor details). These variations correspond to differences
in practices in terms of intensiveness (measured in this paper in terms of the number of hectares required by
a farm in order to produce one litre of milk). The larger the farm is as measured in hectares, and the lower
the quantity of milk it is authorized' to produce per hectare, the less intensive it is. Low-intensity farms are
considered to have practices similar to those of organic farms and are possibly easier to convert to organic
farming. This is why we vary the average “intensity” of the selected “cantons” when implementing the model.
Our 27 French “cantons” are located in four different French “départements”: Cantal (identified by the number
15) in the Auvergne region; Cotes d’Armor (identified by the number 22) in the Brittany region; Doubs (identified
by 25) in the Franche-Comté region; Loire (identified by 42) in the Rhéne-Alpes region. Details about the average
farm characteristics of our cantons are given in the Appendix. The way their dairy farming populations are
implemented in the model is described in Sections 2.53-2.65. Concepts of the model have been adapted and
slightly redefined in order to match the concept for farm description in the FAGC.

These 27 virtual canton populations form the basis for defining the impact of farm characteristics and social
dynamics on the proportion of organic farmers. At this point, it is important to keep in mind that all our virtual
cantons started with no organic farmers at the beginning of the simulation. These farmers emerge from the
dynamics of the model. Our study confirms that farm characteristics are the main driver of the conversion to
organic farming. However, it also suggests the importance of social dynamics. Section 3 presents our results
and provides details about the impact of each type of social dynamic (imitation of a minor change and/or the
computation of satisfaction with a major change). It also shows that changes in the distribution of farm charac-
teristics should be taken into account. Indeed, when these distributions change (because of farmers’ decisions,
as well as due to institutional actions or market economics), the relationships of credibility and similarity be-
tween farmers change. This change affects the dynamics of conversion to organic farming.

1.11 [The next section|is dedicated to the materials and methods. It presents in details the model (including the re-

sultsfrom the previous study), the design of the farm populations from census data, and finally the experimental
design of the simulations.[The third section|describes our results together with explanations for the observable
evolutions in our populations, on the one hand, and a discussion about the simulated number of organic farm-
ers compared to the available data, on the other.[The last section|concludes and outlines the limitations of our
work.
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Materials and Methods

The model

General principles

Agent-based modelling (Goldstone & Janssen|2005) or individual-based modelling (Grimm|1999) appear to be
relevant and appropriate ways of testing the consequences and relevance of different hypotheses on farmers’
decision processes. As pointed out in|Huet et al. (2018) and|Xu et al.[(2018), none of the current agent models is
well-equipped to represent the conversion to organic farming as a decision process relating to a major change,
involving deep modifications in the agent’s world view and social interactions. Thisis the reason why the model,
described with detailed reference to the literature in Xu et al.| (2018), explicitly includes a difference between
minor and major changes, which involve different decision process. The main original features of the model
are the following:

e Like Kaufmann et al.[(2009), we propose a dynamic model of the Theory of Reasoned Action (TRA) (Fish-
bein & Ajzen|1977) in order to compute a farmer’s satisfaction. In the model, an agent’s decision regarding
conversion is based on a comparison of satisfaction with the current strategy with potential satisfaction
with an alternative one. These levels of satisfaction are computed based on the attitude and the subjec-
tive norm related to the current or alternative strategy. Both attitude and subjective norm are dynamic
and based on the difference in productions. In line with the TRA (Fishbein & Ajzen|1977), our model uses
decomposed variables: attitude and subjective norm — instead of global variables as in|[Kaufmann et al.
(2009). Our work thus assumes that a farmer agent’s satisfaction is based on the farmer’s concrete strat-
egy and practice instead of an abstract general opinion. Satisfaction relates to the farmer’s own experi-
ences and the peers’ strategies and practices.

e Afarmer agent’s attitude about its current strategy is modelled as the difference between its past pro-
ductions with its current strategy and its current productions. This choice is grounded in|Mintzberg et al.
(1976);|Ohlmér et al.|(1998), who argue that farmers’ earlier practices have a great influence on their de-
cisions about future practices. In the model, the agent’s attitude regarding an alternative strategy results
from the difference between past productions of using the current strategy and the productions of result-
ing from the alternative strategy on a similar farm or as described in the media.

e The subjective norm involves a comparison with peers, weighted by their credibility. This credibility is
based on the difference between production levels.

e As|Darré|(1985) showed that farmers co-construct their practices, the farmers in the model update their
practices by copying the performances of credible peers who have similar farms (Centola[2015). In line
with [Sutherland| (2013) and [Sutherland & Darnhofer| (2012), farmers’ activities are identified by two di-
mensions: producing, on the one hand, and managing nature, on the other.

e Finally, one important feature of our model is linked to the decision process regarding “major changes”
(Sutherland et al.[2012;|Rickards & Howden|2012;|Dowd et al.[2014). It is assumed that a major change is
only considered in critical situations where the agent faces high costs (economic, cognitive, emotional,
etc.). Otherwise, agents do not even consider changing their major options. In a stable period, if a farmer
agent is sufficiently satisfied with its current farming strategy, it does not envisage an alternative one.
Only a certain level of frustration or critical events (inheritance, major change in the farm, etc.) will prompt
the farmer to consider an alternative to the current strategy. The search for an alternative begins with
observing peers with farms that have similar characteristics (Centola|2015).

Basic elements

Farmer

The model studies the evolution of a population with NV farmer agents. Each agent is characterized by its farm,
its farming strategy, its geographical position (which can be used to build a spatial network linking farmers if
required by a particular implementation of the conceptual model), its performance defined on several dimen-
sions i for the evaluation of a practice, the importance W; given to each dimension of practice, the credibility
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(C(f,v)) it attributes to each of the other agents, its memory of applied strategies and performances during
the last M periods, its levels of satisfaction with the current farming strategy (/C) and an alternative one (I A),
and the period during which it has retained a strategy (DC) and been dissatisfied with a strategy (D D).

DC and DD capture the duration between two events related to the decision process. DD counts an agent’s
duration of dissatisfaction with its current strategy. In the model, an agent has to be dissatisfied with its current
strategy for long enough in order to change it. DC counts the duration since the last strategy change. An agent
cannot consider changing strategy again even if it becomes dissatisfied with it during the confirmation period.
This is consistent with the theory of innovation diffusion (Rogers|[1983), in which an agent has a confirmation
period just after adopting a new strategy. Both durations are necessary in order to account for an agent’s stabil-
ity and consistency. The delayed action of both can only occur when the corresponding duration is longer than
the parameter T'D.

With the exception of W, all these attributes of a farmer agent are dynamic during the simulation, and the rules
governing the way they change are described in detail below.

Credibility. Each agent f attributes a credibility C'(f, v) to another agent v by comparing their respective pro-
ductions. Thus, any two agents are connected by a credibility. Credibility has a value between 0 (not credible
at all) and 1 (very credible).

Satisfaction. Each agent has a satisfaction with its current farming strategy (/) that corresponds to an evalu-
ation of the strategy. It may also evaluate an alternative strategy in certain cases and have a satisfaction with it
(I4). Satisfaction with a farming strategy lies between 0 (not satisfied at all) and 1 (very satisfied).

If an agent is satisfied with its current farming strategy, it does not consider an alternative. Otherwise, its sat-
isfaction levels with its current farming strategy (/) and with an alternative one (I 4) are computed and com-
pared. If 14 is higher than I by a sufficient amount, the agent will change its farming strategy. I is thus
computed at every iteration, whereas I 4 is only computed when a stable agent is dissatisfied with its current
farming strategy.

In accordance with the TRA, the satisfaction /s with a farming strategy S depends on two elements: attitude Ag
and subjective norm S Ng toward S. In the original theory, the interaction between these two elements varies,
with different agents facing different situations. In order to keep the model simple, satisfaction is assumed to
be the average value of these two elements.

_ Ags + SNg

5 ()

ls

Both attitude and subjective norm lie between -1 (very negative attitude/subjective norm concerning the farm-
ing strategy to be evaluated) and 1 (very positive attitude/subjective norm concerning the farming strategy to be
evaluated). They are computed on the basis of the farms’ productions, the farmers’ strategies, and credibility.
See the section “Farmers’ dynamics” for the details regarding computation.

Considering the range of values for attitudes and subjective norms concerning a farming strategy, satisfaction
should also lie between -1 and 1. However, to facilitate other calculations, satisfaction is normalized between 0
and 1.

Performance. Performance is evaluated over two dimensions: the level of output production (i.e. the produc-
tivity impact, in our case milk production), and the level of environmental amenities production (i.e. the envi-
ronmental impact), respectively called productivity performance (P,) and environmental performance (P;) in
the paper. We assume P, and P lie between 0 (very bad on a given performance dimension) and 1 (very good
on a given performance dimension).

Importance placed on each dimension. The importance placed on the productivity dimension is termed Wy,
and that placed on the environmental dimension is termed W;. W, and I, lie between 0 (notimportant at all)
and 1 (most important). They sum to 1.

Wo+W; =1 (2)

Importance defines an agent’s personal values. An agent uses its own perspective to judge the information
it receives and the other agents it meets. In this model, both W and 17 are kept constant if an agent does not
change its farming strategy.

Farming strategy. Thisis defined by the importance that a farmer attributes to each dimension of practice. Two
farming strategies are considered: organic and conventional. The organic strategy places more importance
on the environmental dimension and less on the productivity dimension, whereas the conventional strategy
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places greater importance on the productivity dimension than on the environmental dimension. It is assumed
that when a farmer agent changes its strategy, it changes the importance attributed to the different dimensions
accordingly.

Farm

Afarm has three attributes: its farming production (productivity outcome) Ty, its environmental amenities pro-
duction (for example, volume of chemical inputs, energy consumption, etc.) 71, and its reference R. R is the
maximum possible productivity performance in the light of a farm’s characteristics and evolution. Interviews
and expert opinion show that the references of conventional farms are grounded in the negotiations with dairy
enterprises (often expressed in terms of the “quota” in Europe in the past). Organic farms have more constraints
in terms of reference due to stricter regulations. Consequently, a conventional farm f’s reference is considered
as its farmer f’s initial productivity performance PJ (t = 0) and that for an organic farm is a function [ of P({
(t =0).

Rf_ {P({(t =0) iffisaconventional farm/farmer Q)

I(P{(t=0)) otherwise

The implementation of a farm may need more attributes for different use cases. The detailed computation of
Ty and T are defined in the model’s implementation (see Sections 2.54-2.65).

Media

When an agent is dissatisfied with its current farming strategy and looks for an alternative, it first searches in the
population for other agents having similar characteristics but using an alternative farming strategy. If it cannot
find one, it can access the media to find an alternative farming strategy model. These models result from certain
functions that depend on the farm’s current productions.

Dynamics
One time-step (iteration) t — ¢ + 1 represents one year, i.e. once a year, farmers decide on their farming strate-

gies, their performance and so on. During any iteration, the order in which the farmers are updated is randomly
selected by a uniform distribution.
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Figure 2: Overview of the farmer’s update.

2.19 Asshown in Figure[2land the pseudocode of Algorithm[i] during each iteration, an agent evaluates its satisfac-
tion with its current farming strategy. If the agent is in a stable period and is satisfied with its current strategy, it
does not consider a change. Otherwise, the agent looks for an alternative and evaluates it. If the agent has been
dissatisfied for long enough and the alternative is good enough, it will change. Otherwise, the agent stays with
its current farming strategy. It will then update the credibility it attributes to other agents and its performance.
The details can be seen below.

for each iteration do
Generate the order of the population for each agent f in the population do
ComputeICif DC > TDand IC < T Athen
| compute IA
end
if DD >TDandIA > IC + TO then
\ change strategy and update W, W,
end
for each agent v that is different from agent f in the population do
| compute C(f,v)
end
Compute Fy, P,
end
end
Algorithm 1: Population updating loop. IC'is the satisfaction with a current strategy; I A is the satisfaction
with an alternative one. DC'is an agent’s confirmation duration; DD is an agent’s dissatisfaction duration.
TD is the minimum time of dissatisfaction before considering the alternative. T'A is threshold of IC to
consider an alternative. T'O is the threshold of 7 A to change strategy. W0 is the importance given to pro-
ductivity performance, W1is the importance given to environmental performance. C( f, v) is the credibility
that agent f gives to agent v. Py is the productivity performance, P; is the environmental performance.

W W g4 O U1 AW N =

- =
N = O

-
& w
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Credibility update

Every relationship between two agents is characterized by the credibility one attributes to the other and de-
pends on an agent’s personal view of its difference to another in terms of productions. For agent f, its differ-
ence to agent v is the sum of the differences on each production dimension weighted by the importance given

to each dimension. )
Dl =" (Wif (17 -1/ )) (4)
=1

The credibility that agent f attributes to agent v is calculated on the basis of f’s difference to v:
1

Cf=—+7—
1+ e-oD!

H (5)
InFigu re agent f’s difference and credibility vis-a-vis v are plotted on the x-axis and y-axis, respectively. When
the difference is negative, this means that v has worse productions than f, and f therefore attributes little
credibility to v. When the difference is positive, v has better productions than f and f therefore attributes
considerable credibility to v.

The lines with different colours represent « variations that characterize the degree of bias that an agent has
for others with better productions. When « is small, the bias is small. An agent tends to attribute the same
credibility to others irrespective of whether they achieve better productions. If « is large, the bias is strong.
Only others with better productions are credible.

Inthe model, any two agents are “potentially connected” by a credibility indicating the respective influence they
have on each other. Credibility depends on an agent’s perceived difference in productions compared to another
and it is then used to update the agent’s productions, thus potentially changing the perceived difference. If
credibility is too small (lower than a threshold cred), it is considered totally incredible. The two agents are then
not connected. For example, if the calculated credibility that agent f attributes to agent v is less than cred, the
real credibility in the model will be 0. This means that agent v has noinfluence on agent f. Thus, the relationship
associated with credibility is dynamic, oriented and not complete.

—a=5
0.8F a=14
—a=41

0.6

C(fv)

0.4F

02F

0 L . L 1 L 1 L
-1 08 06 04 -02 0 0.2 0.4 0.6 0.8 1

D(£v)

Figure 3: The credibility (y-axis) agent f gives to v depends on f’s difference (x-axis) to v for three values of
parameter « (different-colored lines).

Farming strategy change

An agent changes its farming strategy in the light of the evaluation of its satisfaction with its current farming
strategy (/) and with the alternative one (I 4). If an agent is in a stable state (its confirmation duration DC' >
threshold T'D) and it is still dissatisfied with its current farming strategy (/¢ < threshold T'A), it will consider
an alternative one. If the agent is dissatisfied for long enough (its dissatisfaction duration since being stable
DD > TD)and its evaluation of the satisfaction of the alternative is sufficiently greater than its satisfaction
with its current one (/4 > I¢ (1 + threshold T°0)), it will change farming strategy. As stated in Equation
satisfaction I with a strategy is the average sum of the related attitude A and subjective norm SN.

In Equation [i} attitude (As) represents an agent’s personal view of the difference between its experience and
the (potential) productions resulting from evaluated strategy S.
Agent f’s experience (Té)i, i can be 0 or 1to represent each dimension) is its memory (M) of the average pro-
duction on the farm with its current farming strategy (S/). It is calculated as follows:
_ M It
_ Ztand St=5f Tz

f
T = “Np(st = 59 (6)
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Tif’t is agent f’s memory M of production at time ¢. S? is agent f’s strategy at time ¢. S7 is agent f’s current
strategy. Nb(S* = S7) is the number of experiences for which agent f has had the same strategy as the current
strategy in memory.

The evaluated production depends on the strategy to be evaluated. For the evaluation of agent f’s current
farming strategy, the evaluated production is f’s current production (Tif ).

Agent f’s attitude toward the current farming strategy (A¢) is as follows:

2

Aé = Z <Wz‘f (Tzf - T(Jj‘,i)) (7)

i=1

If an agent’s productions on its farm changes and this change is considered better than its experience, A¢ will
be positive and strengthen the agent’s decision to keep its current strategy. Otherwise, A¢ will be negative and
may influence I¢. In this case, the agent may be dissatisfied and evaluate I 4.

For agent f’s evaluation of an alternative farming strategy, the evaluated production is the average production
(Tj;i, i can be 0 or 1to represent each dimension) of other agents having similar farm characteristics as f but
applying the alternative. The level of similarity between two farms is computed with a function Y,/ defined as
the difference in farm characteristics between f’s farm and v’s farm. It is then compared with a distance thresh-
old simi. If Y,/ is less than simi, the two farms are considered as similar. Y,/ is defined in the implementation of
the model (see Sections 2.53-2.65). The evaluated production is computed as follows:

N v
T? = ZYq,f<simiand Sv£SF T; .
AT Nb(YS < simiand Sv #£ SF)

N represents all agents in the population. 7} is the production of agent v. SV is agent v’s current strategy.
St is agent f’s current strategy. Nb(Y,/ < simiand S* # SY)is the number of peers having similar farm
characteristics to and different farming strategies from agent f.

If agent f has no corresponding peer (no other agents having similar farm characteristics and different farming
strategies), it will search the media to find stereotypical farm production in order to evaluate the alternative.

T/fl,i = Trilcodel,i (9)
Therefore, agent f’s attitude toward an alternative is:
0 if (IL>TA)

Al = _ _
4 E?:l (Wif(Tg,i—TéJ)) otherwise

(10)

Another component of satisfaction is the subjective norm, which represents how an agent considers others’
opinions concerning the evaluated farming strategy on the basis of productions, i.e. the results ofimplementing
the strategy. It is thus the difference perceived by an agent between the production to be evaluated and the
average of other agents’ productions.

For agent f’s evaluation of its current farming strategy, the subjective norm is:

2 N ofTv
st =3 (wi (ot - =) )
i=1 vt OO

An agent will be socially satisfied if it perceives that other agents, especially those to whom it attributes a high
level of credibility (“important others”), consider it to be a ‘good farmer’. The agent may be so satisfied at having
a good social image that it will never consider a major change. Otherwise, if the agent feels that it has a poor
social image, it may try to become more similar to others in the group or to change group. This can be done
with a change of strategy.

For the evaluation of an alternative farming strategy, the subjective norm is:
0 if (IL >TA)

SNi = - N i .
S P <Wf(T£i—W)> otherwise (12)
’ v C0
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If in other agents’ opinions, especially those to whom agent f attributes great credibility (“important others”),
the alternative is not better, then it is judged to be not good enough to improve the situation. Agent f will
tend to keep its current strategy. Otherwise, the agent’s subjective norm strengthens its intention to change its
strategy.

If an agent changes its strategy, it also changes the importance placed on each dimension of practice. The
parameter W is the initial importance placed on the productivity dimension by conventional farmers.

For conventional agents: Wy =W; W; =1-W (13)
Fororganicagents: Wy =1—-W; W, =W (14)

Performance update.

As farmers co-construct their practices (Huet et al.[2018), a farmer agent updates its performance at each time
t by copying the practices of its credible peers with a similar farm.

N ) f
APf _ Zv;éfand v, S <simi C{f(Pf - Pl )

(15)
i N Vi
Zv;ﬁf and Y,J <simi Cy

Both performance dimensions are between 0 and 1. A farmer’s productivity performance is also limited by its
farm’s reference.
0 if (B)'+APR] <0)
pf =S RE it (P + AP > RY) (16)
P{" + AP] otherwise

We therefore see that, in addition to the credibility relationship between farmers, they are also connected to
each other by an information network based on their similarity in terms of farm characteristics. Performance
is therefore updated on the basis of an underlying inter-farmer network which is defined by links indicating
the similarity between their farms and weighted by the credibility they attribute to each other. This network
governs the influence they have on each other’s practices (i.e. performance). A subnetwork of this network
corresponding, for a farmer, to the farmer’s similar credible neighbours having a different farming strategy, is
the implicit network informing this farmer about the interest of the alternative strategy in order to define his
or her attitude concerning this strategy (see Equation [8). As credibility is not symmetric and since strategies
can change during the simulation, we once again point out that the relations between farmers are oriented and
dynamic and that the underlying network is not complete.

Previous study using the model

Our model was introduced in an initial study conducted by Xu et al.| (2018). We started our study with proto-
typical farm populations. Our virtual theoretical populations correspond to small populations of 100 farmers
each, living in sufficiently small agricultural areas to easily meet each other if they want. Each population in-
cludes only three types of farms: small, medium and large. The type (also called the size) is characterized by
the maximum volume of milk production on the farm. There is also another indicator, namely environmental
production, which is inversely proportional to milk production. As can be observed in real farms, conversion to
organic farming is accompanied by reduced milk production and increased environmental production. The re-
duction and increase are proportional and parameterized in the model. The similarity between farms/farmers
is implicitly defined by the fact that farms have only three possible different sizes. In this simple case, a given
size is equal to a given milk production level. Moreover, this production level is also the proxy for the farmer’s
performance. Consequently, the credibility a farmer attributes to another farmer depends on the relative dif-
ference in their production levels. We will see that these concepts have evolved slightly due to the adaptation
of the model to the data from the French Agricultural General Census.

These parameters, as well as the parameters governing an agent’s dynamics (slope of the credibility function,
duration of decision and confirmation period, decision threshold, loss of production during the conversion,
importance placed on each dimension when evaluating practice, production levels for small, medium and large
farms), constitute a package of 9 examined parameters in the first work. The most significant parameters were
determined by means of a sensitivity analysis of the results from a large experimental design.
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This work also identified farmers’ typical change-of-practice trajectories. The change of practice is associated
with the production level and changes in credibility and satisfaction (based on comparisons of production di-
mensions). In our model, these factors are all highly interrelated. These relations explain both adoption and
non-adoption. From these trajectories, we have identified the reasons for the non-adoption of organic farming
and the relative frequency of each reason. These reasons vary with the size (i.e. the type) of farm.

The results show that the most frequent reason for non-adoption is satisfaction with the current situation. Due
to this satisfaction, farmers are not interested in alternatives to their current production mode. They will not
evaluate the alternatives for their own farms to any great degree. This reason is common to all farmers, and
especially those having large farms and high subjective norms as they are the reference for other farmers.

The second most frequent reason is a negative subjective norm for organic farming. This is a reason for farmers
having small and medium farms, as they feel they suffer from a poor evaluation on the part of farmers having
much larger farms. Farmers having relatively small farms are not satisfied with their current situation. Due to
the negative subjective norm of the alternative, they are dissatisfied with it as well.

The third and fourth most frequent reasons are related to the dissatisfaction duration with the current situa-
tion, which lasts not long enough compared to the decision period. This is usually a reason found for farmers
having small and large farms, although the explanations are totally different in each case. Although farmers
with small farms are dissatisfied with the subjective norm at first, their subjective norm can be improved as
practices become homogeneous throughout the population. It is also a reason for farmers with large farms
who are dissatisfied with their personal evaluations at first, before this satisfaction subsequently improves as
their memories are updated.

Overall, the adoption rate in the model is low. Generally, farmers having small farms are the ones who adopt. In
most cases, farmers having relatively large farms do not change their farming strategy due to their satisfaction
with the current situation.

Despite the interest of these initial results for an understanding of the conversion dynamics, the fact that we
studied very simple populations represents one of the limitations of this first study, as outlined in our introduc-
tion. In particular, the notion of types, the fact that practice is defined solely in terms of production level, as
well as the very simple way of computing the losses and gains resulting from conversion appear inappropriate
for more data-driven farm models, as described in Sections 2.53-2.65.

The design of use cases based on agricultural data

The model was designed with data from the FAGC 2000. In each of the three main French dairy production
regions, we selected one or two “départements” and their related “cantons” having at least 60 dairy farmers.
On average, there were 113 farms per canton, with a standard deviation of 34.6. In total, four “départements”
were studied and their INSEE (The National Institute of Statistics and Economic Studies) code is indicated in
parentheses: Cantal (15), Cétes d’Armor (22), Doubs (25) and Loire (42). In these “départements”, we simulated
27 “cantons” in which dairy farming is the main activity. We decided to conduct the study at “canton” level to
be sure that all the farmers in each canton’s population would know each other and that the farms in one and
the same canton would be exposed to the same agronomical constraints. Given that, in each of our use cases,
all the farmers live in the same “canton”, the attribute “geographical position” is the same for all the farmers in
each location. To permit comparisons, each of our virtual cantons has 100 farmers.? These “cantons” exhibit
large variations in terms of the intensity of practice and the homogeneity of farm types. In line with established
knowledge and reports in the literature (Pavie et al.[2012;/Chambaut et al.|2011), we defined three variables for
farms: the utilized agricultural area (UAA), the number of dairy cows (NC) and the quota (Q), which is a synthetic
indicator of the farm’s maximum milk production (the average farm characteristics of each studied canton are
shown in[Appendix A). A farm’s intensity can be measured by calculating UAA/Q. The implementations of the
farms, farmers and the media based on real data and the literature are presented in the following.

Farmer

In the model described here, farmer agents are designed on the basis of their practice in the light of their pro-
ductivity performance Py and environmental performance P; data. Py isdirectly deduced from the farm’sinitial
characteristics and corresponds to the normalized average milk volume produced by one cow in one year. For
farmer agent f with its farm, at the initial time t = 0, P{ = Qf/NC/. Ateachtimet, P/ = T/ /uAA7,
Equationis only used to update Pof.
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ence between their farms’ characteristics regarding UAA and NC. For agent f, agent v is a peer having similar
e s _ v - J_NCv - Lo
farm characteristics if % < simiand YC =N~ simi. The value of the threshold simi is fixed at

NCT
0.1in the model.

Thus, in this implementation, the update of farmer f’s performance PJ at time t is, in fact, an imitation of
credible similar performances — i.e. the average quantity of milk produced by one cow. Once Pg at time ¢
is updated, it is possible to compute T({ (farmer f’s milk production) at time ¢ based on the farmer’s number
of cows. Given Tof at time ¢, we will see in Sections 2.57-2.62 how to compute Tlf (environmental amenities

production) at time ¢ (Equationsand. As soon as we know Tlf attimet, Plf (environmental performance)
at time ¢ can be computed based on the UAA of farmer f’s farm.

Farm

As described above, in the model, each farm is initialized using the crossed distribution of the discretized uti-
lized agricultural areas (UAA) and quotas (Q) of its “canton” from FAGC 2000. These values remain constant
throughout the simulation. The number of dairy cows (NC) is computed using a law derived from the FAGC data
(with a regression r2 = 0.9563):

NC = 0.2463UAA + 0.0001106Q) (17)

Qand UAA are, respectively, the real value of the quota in litres and the real value of the utilized agricultural area
in hectares. The value of Q is much larger than that of UAA and it therefore seems to have a small coefficient.

As shown in Figure[4] we derived a linear regression from databases regarding farmers’ production and various
other sources® in order to estimate the potential maximum milk production of an organic farm starting with the
conventional strategy. Knowing the initial productivity performance Py after normalization and P}, before nor-
malization, a farm f’s normalized reference R and reference before normalization R’ are computed as follows:

For a conventional farm: R = Py(t = 0) (18)
For an organic farm: R’ = 0.6046 P0’(t = 0) + 1913NC (19)
O real data = simulated data ——linear (real data)
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Figure 4: Real and simulated productivity performance before the conversion (x-axis) and after the conversion
(y-axis).

Using the unit litres/cow, the values of R’ and P§ are much larger than that of NC. Consequently, the coefficient
of NC is much larger than that of P}.

Environmental production T} is computed at each time-point using an aggregated function reported in the
literature (Pavie et al.|2012;|Chambaut et al.|2011). It considers mineral impacts and energy consumption related
to total milk production and the farm’s agricultural surface:

For a conventional farm: 71 = (53U AA + 2.918T}) /2 (20)

For an organic farm: Ty = (—10U AA + 2.588T})/2 (21)
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In line with the database of French dairy farms in FAGC 2000, R’ has to be normalized between 0 (very low
production) and 1 (very high production). 53 UAA, 2.918 Tj, -10 UAA and 2.588 Tj are normalized values between
0 and 1. The normalization is:

x = (2’ —min)/(max — min) (22)

With: min=minimum real value in the database; max =maximum real value in the database; = is the normalized
value of real value z’.

The media

Farmers’ alternative models are designed in the light of the changes of productions in the data. When a conven-
tional farmer f wants to evaluate the organic strategy at time ¢ + 1, it computes T} (¢ + 1) as follows and also
calculates the related 77 (¢ + 1) with Equation[20] It should be noted that T} is the farmer’s real milk production
on the farm (before normalization).

T)(t + 1) = 0.6046T}(t) + 1913NC (23)

When an organic farmer f wants to evaluate the conventional strategy at time ¢+ 1, he or she computes T (t+1)
as follows and its related T (¢ + 1) with the Equation[21]

Ti(t+1) = (T3(t)"1913NC) /0.6046 (24)

Notation Definition Tested value(s)
D Threshold for the duration of confirmation and dissatisfaction before 5

changing farming strategy
cred Threshold of credibility to seeif a peer can have influenceonanagent 1
M Size of memory of agent’s farming strategies and practices 10
simi Threshold of difference between two farms to see if they are similar 0.1
Q@ Slope of the logistic function in the computation of credibility {5, 23, 41}
TA Threshold to consider an alternative farming strategy {0.41,0.45, 0.49}
TO Threshold to change farming strategy {0.01,0.05, 0.09}
W Importance given to the dimension of practice corresponding to an  {0.6, 0.8, 1}

agent’s farming strategy

Table 1: Experimental design of the most important parameters of the model

Each “canton” is initialized with 100 conventional farmers (no organic farming at the beginning). The evolution
of each “canton” is simulated for 30 years and replicated 100 times.

Analysing the Drivers for Conversion to Organic Farming in the Model

To define the impact on the adoption of organic farming of our various psychological and social dynamics,
compared to the role of the farm characteristics, we distinguish in the following between:

e Potential adoption rates explained by initial farm characteristics (at time 0) or after the first 5 years (value
of the “waiting” period TD), during which only minor changes can occur due to the dynamics of the model:
the influence on the differential performances of farmers having similar farms.

e Real adoption rates, which can be explained by farm characteristics as well as by the social dynamics of
interacting farms. These real adoption rates are measured at time 6, i.e. the first date at which a farm can
adopt an alternative strategy, and at time 29, i.e. at the end of the simulation. The measure at the end
of the simulation indicates the impact of all the dynamics, and particularly the impact of the interactions
between organic and non-organic farmers (based on the difference between time 6 and time 29).

The measures presented below are averages over the 81 parameter sets an d 100 replications for each set. The
details corresponding to the variations due to a particular parameter set are not investigated here since they
have already been presented in more detail in Xu et al.|(2018). These averages are used as global indicators
of the coupled dynamics instead of particular indicators of a particular dynamic. This approach is relevant for
comparing what is explained by farm characteristics with what is explained by social dynamics.
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Change in the adoption rate in 27 “cantons”

InFigu re different colours represent “cantons” in different “départements”. In the first three figures, the x-axis
represents the adoption rates at time 0 (initial farm characteristics), the y-axis represents the adoption rates at
time 5 (a. initial practice evolution effect), 6 (b. decision effect) and 29 (c. complete effect), respectively, based
on the average values over 100 replications of each parameter set. The fourth (d) shows the adoption rates at
times 0 and 29 based on the average values over all the 81 parameter sets and the 100 replications of each of
them.
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Figure 5: (a-c) The average virtual/real adoption rates of each parameter set over its 100 replications at times
5, 6 and 29 compared with the virtual adoption rates at time 0, (d) the average real adoption rates over all the
81 parameter sets and their related 100 replications. Purple lines represent the virtual adoption rates at time
0. Points with different colours represent different “cantons” from the four different “départements” to which
they belong (15: Cantal in blue, 25: Doubs in green, 42: Loire in purple and 22: Cotes d’Armor in orange).

As shown in Figure[5] all the conversion rates at these times retain the same tendency as the virtual adoption
rate at time 0 and depend only on the farm characteristics. The Cétes d’Armor “département” has the lowest
conversion rate, Doubs and Loire have nearly the same adoption rates, and Cantal has the highest conversion
rate. This indicates that the principal determinant of conversion to organic farming is probably the initial farm
characteristics.

The average level of adoption in Figure[4]is reduced by nearly a factor of 10 compared to the first 3 figures. This
indicates the high frequency of “0 adoption”, which lowers the average aggregated adoption rates. Overall, our
simulation revealed the following non-adoption rates: 63%, 53%, 68%, 52% at times 0, 5, 6 and 29, respectively,
for all “cantons” over the experimental design (impact of social dynamics: +5% non-adoption at time 6, but -
11% non-adoption at time 29). The details corresponding to the variations due to a particular parameter set are
not investigated here since they have already been presented in greater detail in|Xu et al.[(2018).

In some cases, social dynamics can favour adoption up to a 100% adoption rate; in other cases, social dynamics
can impede adoption and result in an adoption rate that is lower than the potential one at time 0. Indeed, at
time 5, the virtual adoption rates are slightly higher than the initial rates in most “cantons”. The adoption rates
measured at time 6 are lower than at time 5. However, the adoption rates at time 29 are, finally, higher than at
other times. This indicates that the adoption rate also depends on social dynamics.

During thefirst 5 time periods, an agent cannot change its farming strategy. The variation in the adoption rate is
due solely to changes in performance. Less productive farms cannot substantially improve their performances
due to the maximum production R, while the performances of more productive farms may fall. As a result, more
productive farms will have lower total productions and more negative personal evaluations compared to their
experiences, and eventually a lower level of satisfaction with the current situation. Thus, the virtual adoption
rate at time 5 is higher than at time 0, especially for more productive farms.
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At time 6, less productive farms convert immediately since they can increase their milk production (Equations
-. This can make the alternative less interesting for other agents searching for an alternative. For first
adopters, who refer to the media, the evaluation of the alternative depends directly on their own farm charac-
teristics. They can therefore act as references for other “similar” farms (in terms of farm characteristics) which
are looking for an alternative. Since these first adopters are rather less productive farms, they lead to a worse
evaluation of the alternative than that given by the media. Therefore, the adoption rate at time 6 is lower than
attime 5.

Later, as adoption becomes more widespread, there are more and more adopters. At time 29, the adoption
rates are higher than the initial virtual rates due to social dynamics. This effect is mainly due to the dynamics
of the implicit credibility network. Indeed, credibility is based on global productions. These productions are
updated on the basis of performance updates and changes in strategy (i.e. conversion to or from organic farm-
ing). Thus, when farmers’ productions change, the implicit credibility networks also change and this may, in
turn, bring about new changes. Figure[g]illustrates how organic farming adoption rates can be sensitive to the
initial distribution of milk production (i.e. the quota) in the population.

s Part of small (Q < 133000) farms in 2000 Part of medium (133000 < Q < 257000) farms in 2000
Part of large (Q 2 257000) farms in 2000 —e—Simulated potential organic farming adoption rate in 2000

—o—Simulated organic farming adoption rate in 2010 —o—Simulated organic farming adoption rate in 2030

lw%llllll“ ‘ ‘ ‘ | ‘ 0.15

0.1

50%

Organic farming adoption rates in the population

~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~

Cantons

Percentage of farm type (volume of quotas) in the population

Figure 6: Percentage of farm types defined by their quota and simulated organic farming adoption rates in the
populationin 2000 (based only on the farms’ characteristic), in 2010 and 2030, for each studied “canton”. Three
categories of farm type are distinguished depending on each farm’s quota (Q): @ less than 133,000 litres are
considered as small farms, between 133,000 and 257,000 litres as medium farms, more than 257,000 litres as
large farms.

Figure[6again shows that the organic farming adoption rate is sensitive to the distribution of farms in terms
of quota (i.e. the maximum and the initial milk production). In particular, we observe low rates in “départe-
ment” 22 (Cotes d’Armor), which has the highest proportion of large farms in 2000 and which is quite intensive.
However, the results in 2010 and 2030 also reveal the effects of social dynamics, which increase the proportion
of organic farmers and are particularly sensitive to the distribution of the farm characteristics. To understand
this increase, it is necessary to remember that the quota is the initial level of milk production for conventional
farms, as well as the maximum possible milk production for a farm. The productions of two farms define the
credibility their farmers attribute to each other. Consequently, different distributions of quotasin a region, even
if implying the same level of conversion computed on the basis of each farm’s characteristics independently,
can lead to different adoption rates due simply to different relationships in terms of credibility.

Regarding the three types of quotas presented in Figure[6] we can note in particular that:
e Although the adoption rate of canton 2521 is different from that of canton 2515 and canton 2504 at time
2010, their adoption rates are similar at time 0 (deduced only from the farm characteristics).

e Similarly, the adoption rate of canton 4229 is different from that of canton 1520 and canton 2508 at time
2010.

e Also, asin Figure, we see that the adoption rate of canton 1512 is different from those of canton 4230
and canton 2517 at time 2030.

Toillustrate the complexity of our model in more detail, and more particularly that of the social dynamics in the
model which lead to such sensitivity to local distributions of farm characteristics, we investigate in
why the cantons with codes 1512 (Murat in Cantal), 1515 (Riom-eés-Montagnes in Cantal) and 2517 (Mouthe in
Doubs) vary in their organic farming adoption rates.
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Comparison with “real” adoption rates

The first subsection compares our average results with the adoption rates given by the FAGC in 2010 (this is
the last available Census). They are different, but not by very much. However, such a comparison is irrelevant
given the fact that farm characteristics (which are dynamic over time) are the main drivers of conversion, as we
discuss in the second section.

Comparison of the adoption rates in the simulated results and the real data

Figure[7]shows that the simulated adoption rates are relatively similar to the adoption rates from the FAGC. The
proportion of organic farmers is small in the real and the simulated populations. The “département” of Cotes-
d’Armor (cantons with a code beginning with 22) has fewer organic farmers than the other "départements” in
both the simulations and the FAGC. Canton 4224 has the largest prediction error. However, we know from a
use case survey and various interviews conducted in this canton that an unusual and forceful joint institutional
action by the local Agricultural Office and the Dairy cooperative was launched in 2000 in order to support con-
versions to organic farming. Such an action has not been modelled in our approach. Its high impact on the
adoption rate cannot therefore be reproduced by our model. Globally, this comparison tends to confirm the
interest of our model as a tool for understanding the importance of social dynamics in the change process.
However, it should be noted that we choose not to calibrate the model but simply to look at the average results
over the 81 studied parameter sets and their replicated simulations for each canton. It is to be expected that
selecting the best parameter sets would provide much better results. However, as suggested in the next sec-
tion, the practical interest of this exercise is limited unless we also take account of the decrease in the number
of farms during the last years.

OOrganic farming adoption rate in FAGC 2010  # Simulated organic farming adoption rate in 2010
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Figure 7: “Real” and simulated organic farming adoption rates among dairy farmers in the various studied can-
tons. The model has not been calibrated — the presented simulated results are averaged over 81 parameter sets
and their replications.

Evolution of farm characteristics

Our model lacks important elements such as institutional actions or milk price crises. However, probably the
most serious omission is the absence of farm and farmer demographics. Indeed, the total number of dairy farms
in France has fallen considerably: from 156,222 in 1996, to 109,822 in 2005, 83,700 in 2010, and 58,000 in 2016.
For the “départements” we are interested in this paper, it should be noted that, from 2000 to 2010, the number
of dairy farms decreased by 27% in Cantal (15), 31% in Cotes-d’Armor (22), 19% in Doubs (25) and 38% in Loire
(42). Regarding our 27 cantons, Figure[8|shows the decrease in average UAA by farm between 2000 and 2010 (on
the left), and the relative decrease in the number of farms (on the right). Data on the evolution of quotas are not
available at the local level but, due to changes in European regulations, quotas have increased everywhere in
France (Depeyrot|2017; Perrot & Cébron|2013;|Ennifar & Allain|2016): from about 180,000 litres of milk per farm
on average in 2000 to about 300,000 litres of milk per farm on average in 2010.

This increase has greatly changed farm characteristics as it is mainly small farms which have disappeared. The
agricultural surface areas and the quotas of farms that have disappeared have been redistributed over the other
farms, which are now larger and have larger quotas. Consequently, given that it is generally agreed that farm
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characteristics have a great impact on the adoption rate, these significant changes make the adoption rate data
quite difficult to compare with our results (which consider farm characteristics to be constant over time).
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Figure 8: For each studied cantons, average UAA by farm in 2000 and 2010 (source FAGC) on the left, decrease
in percentage of farms between 2000 and 2010 (on the right).

Since UAA, and probably the number of cows, have changed in farms, the similarity network, which we consider
as constantin our work, isin fact significantly evolving. As a consequence, the credibility network also probably
evolves in a more complex way than it does in the model.

Conclusion

In|Xu et al.[(2018), we proposed an agent-based model that implements hypotheses concerning the social and
psychological processes that are involved in the conversion of conventional farmers to organic farming. This
model assumes that farmers introduce minor changes by imitating the processes of similar credible others,
and make major changes as a result of a deeper social and psychological process. The first study using the
model was conducted on simple theoretical populations consisting of three types of farms: small, medium and
large. The excessive simplicity of such populationsis a considerable limitation which affects the social dynamics
taking place during the conversion process. Therefore, to overcome these limitations, we now present a second
study using more highly elaborated models of dairy farms from 27 French “cantons”, derived from the data of
the French Agricultural General Censuses (FAGC) 2000. Our work was intended to achieve two aims:

1. Adapt the agent-based model to these more highly elaborated farm models;

2. Analyse the respective roles of farm characteristics and social processes in the simulated conversions to
organic farming.

Minor changes in the agent-based model for integrating more highly elaborated dairy
farm models

Afew changes were necessary to the agent-based model. In particular, compared to the first model, we had to
introduce a difference between the farmer and his/her farm. Afarmer has a performance which is dependent on
his/her strategy (conventional or organic) and the farm characteristics (surface area and number of cows). This
performance represents the practices that the farmer has chosen and, in particular, farming intensity. Farmers
try to copy the performances (implicitly the practices) of credible farmers having similar farms.

Afarm has a level of milk production which depends on the farm characteristics (UAA, utilized agricultural area,
the number of dairy cows and the quota) and the farming strategy. This milk production, as well as the envi-
ronmental production, are criteria that make it possible to define the credibility that farmers attribute to one
another, while also taking account of the relative importance a farmer places on each type of production. This
credibility has a daily influence on performances, as well as on farmers’ satisfaction with the various strate-
gies. We have also added the notion of similarity between farms, based on their characteristics, so that farmers
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can choose an appropriate source of information in order to define performances (i.e. the practices) and the
strategy they want.

Thus, a farmer’s performance and the production on his/her farm are different, but are both linked to the char-
acteristics of the farm.

Moreover, the farm models are based on simple and original models built from the data and literature relating
to the calculation of: (1) the difference in milk production between conventional and organic farming; (2) the
environmental impact of a level of milk production in organic farming and conventional farming.

Analysis of simulation results

In general, final adoption rates depend to a great extent on farm characteristics. However, social dynamics and
farm characteristics can have a strong interaction effect on adoption rates.

Indeed, small farms with low milk production and high environmental production convert more than others.
This result is in line with [Bos et al.| (2013);|Groeneveld et al.| (2016) who argue that large farms intensify more
than small farms, and are less likely to convert.

However, adoption can be impeded or favoured by the social dynamics of interacting farms. The imitation of
minor changes favours adoption since it reduces farming intensity (due to the fact that the quota, or maximum
possible milk production, of each farm is constant over the simulation).

The process of searching for information to assess the potential satisfaction of organic farming initially tends
to impede adoption. Indeed, compared to the institutional information obtained from the media when there is
no similar farm as a source of information, the information delivered by similar farmers who have already con-
verted is generally less favourable. These first adopters are often the least intensive and therefore exhibit low
milk production in organic farming. There is therefore a large negative difference in satisfaction between them
(who place considerable importance on environmental production) and farmers who place greater importance
on milk production than environmental production.

In cases where it increases, conversion to organic farming is generally accompanied by an increase in the im-
portance attributed to environmental production compared to milk production in the definition of credibility.
This increases the credibility and influence of organic farmers. Itis thus possible to observe highly positive local
effects of social dynamics on conversion.

Inthe model, the quota — i.e. the right to produce milk — represents the initial milk production level for conven-
tional farms and also the maximum possible production for the farm. The actual milk production level defines
credibility and determines the different quotas applied in a region and this can lead to different organic farm-
ing adoption rates. Similarly, the similarity network is sensitive to the local distribution of farm characteristics
and can affect adoption. Indeed, the “cantons” with larger farms, which are generally more intensive, tend to
convert less. This is the case, in the simulations and in the FAGC, of Cotes-d’Armor compared to less intensive
“départements” located in more mountainous areas, such as Cantal or Loire.

Overall, we conclude that farmers can change their practices in ways that reflect their interest in adopting or-
ganic farming. However, they can also change their practices without adopting. These two possible avenues
of development are consistent with (Sutherland et al.;2012;/Sutherland2011) and depend on the distribution of
farm types within the population. They are also due to constraints in terms of production level, as the agronomic
characteristics of the soil and/or regions, the size of the farm and the quota all limit the possible production.

Limitations and avenues for further studies

The greatest limitation in our work is the lack of demographic information about farmers and their farms in the
model. Indeed French dairy farming has undergone many transformations in recent decades. Farm numbers
as well as their characteristics in terms of surface area and possible maximum milk production have changed
greatly due to economic crises and regulatory changes. In line with the academic literature, we have found that
farm characteristics are the main drivers of the conversion to organic farming. We have also shown that the so-
cial dynamics of farmers, which are not independent of these characteristics, are also important for conversion.
These social dynamics, based on relations of similarity and credibility among farmers, are very sensitive to local
distributions of farm characteristics which impact these relations. Temporal evolutions in farm characteristics
modify the similarity and credibility networks and can therefore significantly affect the dynamics of conversion.
Furthermore, other factors which are more subjective than those we took into account can greatly influence
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the way individuals develop. These are mainly psychological characteristics such as “fellowship”, “sympathy”
or “familiarity”.

This work shows that farm characteristics are very important in the social interactions between farmers at a
local level. Therefore, changes in farm characteristics in a region have to be taken into account and better un-
derstood if we are to clarify the social aspects of farmers’ decision-making processes. The irrational subjective
psychological characteristics of agents should also be considered in future studies.
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Appendix A: Average farm characteristics of each studied canton in 2000
(Source: FAGC, 2000)

Départe- Name Canton Average Average Average Cow Part of Part of Part of Cow Percentage Percentage Decrease
ment of  the (INSEE UAA by quota Q number dairy small medium large dairy of or- of or- of  the
départe- code) farm (in by dairy of Cows farmers Q < (133000 Q > farmers ganic ganic number
ment hectares) farm (in by dairy in 2000 133000) << 257000) in2010 dairy dairy of farms
liters) farm farms in 257000) farms in farmers farmers from
(NC) 2000 farms in 2000 in2000 in2010 2000 to
2000 2010 (in
%)
15 Cantal 1508 62 132789 32 124 0,59 0,36 0,05 96 0,0% 0,0% 23%
1512 56 149445 32 85 0,56 0,41 0,03 57 0,0% 3,5% 33%
1515 57 143776 33 59 0,53 0,44 0,03 35 1,7% 2,9% 4%
1516 47 94603 27 m 0,81 0,18 0,01 2 0,6% 1,8% 35%
1519 58 138832 32 172 0,56 0,36 0,08 132 0,0% 0,0% 23%
1520 60 137221 33 m 0,53 0,43 0,04 137 0,0% 0,7% 20%
22 Cotes- 2208 47 229484 37 143 0,1 0,62 0,28 85 0,7% 2,4% 1%
d’Armor
2222 42 205401 34 120 0,21 0,56 0,23 80 0,0% 0,0% 33%
2223 66 251267 a 81 0,12 0,53 0,35 65 0,0% 1,5% 20%
2234 44 184056 32 86 0,33 0,48 0,19 57 0,0% 0,0% 34%
2235 53 269536 f 68 0,12 0,41 0,47 53 0,0% 0,0% 22%
2238 37 192258 33 m 0,21 0,66 0,13 18 0,0% 0,8% 31%
2243 63 233919 40 96 0,17 0,5 0,33 69 0,0% 2,9% 28%
25 Doubs 2504 75 177262 36 100 0,29 0,61 0,1 81 2,0% 7,4% 19%
2508 8 186737 38 93 0,27 0,56 0,17 76 1,1% 1,3% 18%
2515 67 168056 34 164 0,36 0,51 0,13 134 3,7% 0,7% 18%
2517 m 184060 39 102 0,29 0,54 0,17 82 2,0% 2,4% 20%
2521 55 137083 30 62 0,45 0,51 0,04 46 0,0% 4,3% 26%
2522 76 179341 35 87 0,31 0,57 0,12 72 2,3% 4,2% 17%
42 Loire 4202 53 154661 29 78 0,44 0,44 0,12 52 0,0% 1,9% 33%
4203 38 99173 22 76 0,74 0,23 0,03 42 0,0% 7% 45%
4209 46 121498 26 106 0,67 0,28 0,05 68 0,0% 1,5% 36%
4217 56 140738 31 98 0,53 0,38 0,09 62 0,0% 6,5% 37%
4224 46 145923 30 98 0,43 0,54 0,03 4 9,2% 18,9% 24%
4225 37 102176 21 154 0,79 0,18 0,03 100 0,0% 1,0% 35%
4229 44 105128 24 87 0,67 0,27 0,06 37 0,0% 5,4% 57%
4230 53 17857 27 73 0,61 0,36 0,03 43 0,0% 11,6% 41%

Table 2: Overview of the cantons

msmallfarms  mmedium farms  m large farms

100%

75%

50%

Percentage of farms

25%

0% S B M R R R R R R R R L R

Figure 9: Variation in terms of size of the population distribution in the simulated cantons (the categorization
as small, medium or large depends on the quota of the farms — see the previous table for definitions).
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Appendix B: Illustration of the complexity of social dynamics

To illustrate the complexity of our model, and more particularly that of its social dynamics, which results in
so great a level of sensitivity to the local distribution of farm characteristics, we investigate in this Appendix
why the cantons with codes 1512 (Murat in Cantal), 1515 (Riom-&s-Montagnes in Cantal) and 2517 (Mouthe in
Doubs) vary in their proportion of organic farmers. They have a similar virtual adoption rate at time 0. At time
29, Riom-es-Montagnes and Mouthe still have a similar final adoption rate, while the adoption rate in Murat is
much higher than in the other “cantons”.

The three “cantons” are initially described on the basis of various aspects: (1) farm characteristics of each “can-
ton”; (2) temporal adoption rates of different farm types in each “canton”; (3) distribution of individual trajecto-
ries towards alternative practice in each “canton”. The following three sections explain why these three cantons
evolve in different ways.

Farm characteristics of each “canton” from FAGC

As shown in (2018), farms that differ in terms of their quotas have quite different behaviours. Three
farm types are classified for the following behavioural analysis depending on each farm’s quota (Q). Farms with
a Q less than 133,000 litres are considered as small farms, farms with a Q between 133,000 and 257,000 litres
are categorized as medium farms, and those with more than 257,000 litres are considered to be large farms.
As shown in Figure “cantons” 1512 (Murat) and 1515 (Riom-es-Montagnes) are similar in terms of their farm
characteristics and type distributions, while 2517 (Mouthe) is quite different from the others.

maverage NC MWaverage UAA M average Q

90%
120 300000 £
2 8%
k!
100 250000 g 70%
E‘ 60%
? 200000 E 50% large farms
s
€0 150000 & 0% = medium farms
g 3 # small farms
40 100000 £ 20%
&
10%
20 50000

1512 1515 2517
0 0

1512 1515 2517 Cantons

Figure 10: (a) On the left: farm characteristics of each “canton” in terms of average number of cows (NC), average
utilized agricultural area (UAA) and average quota (Q) in litres, NC and UAA use the left axis and quota Q uses the
right axis. Error bars indicate standard deviation. (b) On the right: distribution of farm types in terms of quota
Qin each "canton". Canton 1512 refers to Murat in Cantal. Canton 1515 refers to Riom-és-Montagnes in Cantal.
Canton 2517 refers to Mouthe in Doubs.

Temporal adoption rates for each farm type in each “canton”

Figure[Tlshows the average virtual/real adoption rates for each farm type in each “canton” at times 0, 5, 6 and
29 (averaged over the 81 parameter sets and their replications). In general, small farms tend to convert the most
(evenif this is not true for Mouthe (2517), where they are a minority). Large farms convert the least in all cases.

Distribution of agents’ typical trajectories regarding the decision states

Figure [12 shows the average distribution over the 81 parameter sets of agents’ states for each farm type in
each “canton”. It indicates how agents reach their decisions. All bars, except the green bars representing “has
adopted the alternative”, lead to the non-adoption of organic farming. The reasons for their decisions are pre-
sented in Sections 2.45-2.52, and are discussed in more detail inXu et al.| (2018).

To better understand the various evolutions of our three “cantons”, the following sections compare them in
more detail.
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Figure 11: Average temporal adoption rates over the 81 parameter sets for each farm type in each “canton”. Can-
ton 1512 refers to Murat in Cantal. Canton 1515 refers to Riom-eés-Montagnes in Cantal. Canton 2517 refers to
Mouthe in Doubs.
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Figure 12: Average distribution over the 81 parameter sets of agents’ states for each farm type in each “canton”.
Canton 1512 refers to Murat in Cantal. Canton 1515 refers to Riom-eés-Montagnes in Cantal. Canton 2517 refers to
Mouthe in Doubs.

Comparison between Murat and Riom-és-Montagnes

The “cantons” Murat and Riom-és-Montagnes have similar characteristics and they also have a similar initial
adoption rate (times 0, 5 and 6), whereas the rates differ at the end of the simulation (time 29). We also compare
them at the level of the following detailed characteristics:

e Similar average basic characteristics (Figure), slightly more small farms (56%) in Murat compared to
Riom-es-Montagnes (53%) (Figure);

e Similarinitialvirtualadoption rate (Figure@a), higherfinal adoption rate in Murat than Riom-és-Montagnes,
in particular in the case of small farms (Figure);

e Small farms in Murat have fewer “dissatisfied alternative” and “satisfied again” outcomes for whatever
reason than in Riom-és-Montagnes; Murat’s medium and large farms are less frequently “always satisfied”
than those in Riom-es-Montagnes (Figure.
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Compared with Riom-és-Montagnes, Murat has more small farms that cannot increase their total productions
due to their maximum possible productions (i.e. their quota). Consequently, the performances of Murat’s other
farms are more influenced through the imitation process (Equation[i5). As performance evolves, the difference
in total production between small farms and large ones decreases. Small farms can be attributed greater cred-
ibility by larger farms but attribute them reduced credibility in return. As a result, small farms can influence
even much larger ones. This process allows small farms to gain an ever increasing social evaluation (subjective
norm) from the larger ones.

If the number of small farms is smaller, as in the Riom-és-Montagnes, small farms are less able to influence large
farms’ performances. As a result, small farms may have a poorer social evaluation than in Murat (purple circles

in Figure[13).

This poorer social evaluation explains the smaller proportion of small farms that are “always satisfied” with the
current situation in Riom-&s-Montagnes (grey bars in Figure. It also explains why Murat’s small farms have
fewer “dissatisfied alternative” farms (purple bars in Figure[12), since the subjective norm is similar whatever
the evaluated strategy. Having lower negative subjective norms, it is easier for satisfaction with the alterna-
tive, compared to satisfaction with the current situation, to increase in small farms in Murat by more than TO
(threshold above which the farm changes to an alternative). Such an increase before the agent returns to “sat-
isfied again” implies satisfaction and the adoption of an alternative strategy. Small farms in Murat therefore
convert more than in Riom-es-Montagnes.
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Figure 13: Average subjective norm over the 81 parameter sets of agents’ states for each farm type in each “can-
ton”.

Medium and large farms in Murat also adopt more than in Riom-és-Montagnes. This is due to the same mech-
anism. Being more influenced by small farms, Murat’s larger farms reduce their intensive practices. This leads
them to a lower subjective norm (black circles in Figure[13) and a lower personal attitude (red circles in Figure
, thus making them dissatisfied. By contrast, Riom-es-Montagnes’s medium and large farms, which are less
influenced by small ones, evaluate the current situation more positively. This causes them to be satisfied and
not to consider an alternative.

Comparison between Riom-és-Montagnes and Mouthe

Although the “cantons” Riom-és-Montagnes and Mouthe have different farm characteristics and different initial
adoption rates for each farm type, they have similar conversion rates at the end of the simulation. We also
compare them at the level of the following detailed characteristics:

e Mouthe has a larger number of dairy cows (NC), more utilized agricultural area (UAA), a higher quota (Q)
and is more intensive (UAA/Q) than Riom-&s-Montagnes (Figure). Nearly half of all farms in Mouthe
are small, while Riom-és-Montagnes has many more medium and large farms (Figure).

e The global virtual/real adoption rates are similar in both cantons at times 0 and 29. In fact, there are
more small adopters in Riom-&s-Montagnes, while there are more medium and large adopters in Mouthe

(Figure[t1).
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e They have similar conversion rates per farm type (green bars in Figure[12).

Despite having different farm characteristics and different adoption rates for each farm type, these “cantons”
have similar total adoption rates due to the differences in farm type distributions (Figure[10p).

According to the farm type distribution shown in Figure, Riom-és-Montagnes has more small farms, but fewer
medium and large farms than Mouthe. With their similar adoption rates in each farm type, they can have differ-
ent adopters in each type. However, they can also have similar global adoption rates.

Comparison between Murat and Mouthe

Having different characteristics, the “cantons” Murat and Mouthe have similar virtual adoption rates at time 0,
but different adoption rates at the end of the simulation. We also perform the following comparisons:

e Mouthe has a larger number of dairy cows (NC), more utilized agricultural area (UAA), a higher quota (Q)
and is more intensive (UAA/Q) than Murat (Figure[10p). Nearly half of all farms in Mouthe are small, while
Murat has many more medium and large farms (Figure[10p).

e Theglobalvirtual adoption rates are similar in both cantons at time 0, while Murat has a much higher con-
version level than Mouthe at time 29. Regarding each farm type, Mouthe has fewer small farm adopters,
and more medium and large adopters (Figure[M).

e In each farm type, small and medium farms have similar adoption rates, while large farms in Murat have
a higher adoption rate and are less frequently “always satisfied” than those in Mouthe (green and grey

bars in Figure[12).

The dynamics of Murat when compared to Mouthe are similar to those of Riom-eés-Montagnes when compared
to Mouthe. The differences between the adoption rates are mainly explained by the influence of small farms,
which are even more numerous in Riom-és-Montagnes than in Murat (Figure[10b, 56 % in Riom-és-Montagnes
versus 53% in Murat and only 29% in Mouthe).

Another difference, which does not appear in the comparison between Riom-és-Montagnes and Mouthe, relates
to the dynamics involved in the decisions made by large farms (Figure[12). Much more influenced by smaller
farms, the performance of large farms in Murat is reduced for longer and their farmers have a less positive per-
sonal attitude than those in Mouthe (blue squares in Figure[13). In addition, compared to large farms in Mouthe,
those in Murat have a poorer subjective norm due to the loss of total production superiority (grey squaresin Fig-
ure[13). As a result, large farms in Murat are more frequently dissatisfied with the current situation and have a
higher adoption rate than those in Mouthe.

Notes

! Until 2015, the quantity of milk that a farm was authorized to produce was regulated at European level.
This quantity was called the quota. Since 2015, even if the quota no longer exists, there is still a quantity of
milk to be produced and this is generally set out in a contract between the farmer and the dairy cooperative
collecting the milk.

2 According to the data found in the FAGC, the studied cantons had an average of 113 farmers. In the model,
each population is initialized at 100 farmers. This makes it possible to compare the results for all cantons with-
out considering the differences in population size. We can concentrate directly on the social dynamics and farm
characteristics. If all cantons are notinitialized with the same number of farmers, there may be some differences
in results due to the differing population sizes.

Shttp://www.cantal.chambagri.fr/fileadmin/documents/Internet/Autres%20articles/pdf/2014/
Bio/ABBL2008-2012.pdf, http://www.tech-n-bio.com/,http://www.agrobio-bretagne.org/
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