'.) Check for updates

Received: 25 January 2021 | Accepted: 5 March 2023

DOI: 10.1002/pan3.10480

RESEARCH ARTICLE

Farmers' land-use decision-making: A dynamical modelling
approach that integrates qualitative knowledge about social
norms into a quantitative model
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8snaerCk University, Osnabriick, 1. The concept of the homo oeconomicus is often used to model human behaviour
ermany
in economic contexts. However, other factors like tradition or the preference to
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comply with social norms can play a role in decision-making processes.

. To emphasize the need for incorporating non-pecuniary values in economic mod-

els, we use data for participation in several agri-environment schemes (AES) in

Europe and show that dynamical patterns can not be simulated by models using

Universitat Osnabriick the homo oeconomicus concept.

Handling Editor: Robert Fish 3. The presented data show gradually increasing participation levels in AES even if
payment levels are constant. Furthermore, low participation levels are sometimes
observed despite appropriate incentive schemes.

4. We propose and investigate a dynamic mathematical model to implement so-
cial norms in farmers' land-use decision-making in the face of AES. This socio-
economic model can help to explain the variety of observed behavioural patterns.
It can generate multistable dynamics regarding the level of AES participation in
the long-term. We further assume that informative campaigns can modify farm-
ers' perception of norms. Campaigns can have a stabilizing effect if strong enough.

5. The attempt of this work is to gain a better understanding of how the integration

of social human behaviour in economic models affects simulation patterns.
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1 | INTRODUCTION

has seen enormous increases in productivity, for example, due to

external inputs of fertilizers, pesticides and irrigation water, thus im-

Biodiversity loss is an increasingly pressing problem and a variety of
measures are implemented worldwide to mitigate, stop or revert it.
The task is particularly challenging in agricultural landscapes where
several ecosystem services vital for human welfare are competing
(IPBES, 2019; Waldron et al., 2017). On the one hand, agriculture

proving food security for billions of people (Tilman et al., 2011). On
the other hand, agriculture now covers nearly 40% of the Earth's
ice-free land surface, often replacing forests, savannas and natural
grassland (Foley et al., 2005). The global food system accounts for

approximately 21%-37% of annual anthropogenic greenhouse gas
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emissions (Mbow et al., 2019). Agriculture significantly releases
nitrogen and phosphorus to land and water ecosystems, and con-
tributes to contamination with pesticides (Foley et al., 2005; Steffen
et al., 2015). Human agricultural activities, thus, profoundly impact
agroecosystems and beyond, in fact they may feed back to humanity
due to impacts on biodiversity, soil erosion, water quality, pollina-
tion and other ecosystem services. Hence, effective conservation in
agricultural landscapes is both affecting the life of many people and
comes along with possible unknown consequences and side-effects.

Agri-environment schemes (AES) constitute a conservation mea-
sure designed to account for the conflicting interests of agriculture:
farmers are compensated for costs and forgone farming revenue if they
fulfil a requirement of a scheme with conservation purpose (Bateman
et al., 2013; Baylis et al., 2008; Kuhfuss et al., 2016). However, even
after decades of the Common Agricultural Policy in the EU, many
environmental problems still exist (Henderson et al., 2013; Reimer
etal., 2012; Thomas et al., 2019), and many species continue to decline;
see, for instance, insect declines in Germany (Hallmann et al., 2017)
or the ‘Farmland Bird Index’ in the United Kingdom (Ramirez, 2018).
One potential explanation for the failure of AES might be the over-
simplification of the agricultural system, leading to false conclusions
and ineffective conservation. Human decision-making, for instance,
is often reduced to the assumption that people make rational choices
to maximize profits. However, the behavioural economics literature
indicates that profits are an important but not the only driver of de-
cision making in economic contexts (Reimer et al., 2012; Sattler &
Nagel, 2010; Wynne-Jones, 2013). Non-pecuniary factors like the
relationship with other farmers and their opinion on environmentally
friendly practices, called social norms, were found to play a role for
participation in an AES as well (Beedell & Rehman, 1999; Defrancesco
et al., 2008; Le Coent et al., 2018; Thomas et al., 2019). Social norms
are behavioural rules supported by a combination of empirical and
normative expectations (Thggersen, 2014). Many examples like lit-
tering, smoking or fashion can be found in everyday life (Bicchieri &
Mercier, 2014; Bikhchandani et al., 1992; Sunstein, 1996). However,
social norms also appear in economic contexts (Nyborg et al., 2006).
A well-known example comes from a case study on winter tires in
Oslo where only 20% of the vehicles used non-studded winter tires
before the introduction of a tax on the use of studded tires and sub-
sidies for new non-studded tires. After the announced goal of 80%
non-studded winter tires was reached, the taxes and subsidies were
removed. As a consequence, the use of non-studded tires dropped
to 68% but remained constant on that level rather than returning to
the initial value (Nyborg et al., 2006). The observed behaviour is not
rational and, thus, cannot be explained by the neoclassical economics
concept. Another driver needs to be responsible. Social norms were
also found in the context of agriculture (Dessart et al., 2019; Kuhfuss
et al., 2016; Thomas et al., 2019; Willock, Deary, Edwards-Jones,
et al., 1999) but this knowledge is barely used in quantitative models
(Drechsler, 2021). This is a lost opportunity since quantitative mod-
els can help to identify complex interactions systematically towards a
holistic understanding and, thus, to more effective conservation mea-
sures (Aspinall & Staiano, 2017; GLP, 2005).

To show that oversimplification can lead to ineffective policies
for biological conservation and to strengthen the necessity of a
new concept in modelling human behaviour, we aim at making a
contribution in this direction by presenting a model that accounts
for social norms and captures the following typical dynamical pat-
terns in empirical data of AES participation in Europe: first, time
delays in behavioural changes of farmers after the start of an AES.
Direct responses by farmers after the start of an AES are only likely
if changes in the farming practice are small (McCracken et al., 2015;
Sutherland & Darnhofer, 2012), a fact that is not captured under
the assumption of rational decision-making. Second, low participa-
tion levels despite appropriate compensation payments. Le Coent
et al. (2018) report that it is observed in practice that some farmers
are extremely reluctant to switch to new farming practices even
when a payment level is above additional costs and income fore-
gone. We show that these dynamic patterns can be reproduced
with a model that includes social norms in farmers' decision-making
(Sutherland & Darnhofer, 2012).

The effect of social norms in this example is understood as the
tendency of a farmer to rather participate in an AES when farmers in
the social network! do so (Kuhfuss et al., 2016). Vice versa, a farmer
participates less when few peers do. This effect is also known as de-
scriptive norms, which describe the perception of which behaviour is
typically performed by others (Cialdini, 2003). Furthermore, we as-
sume that farmers can change their perception and attitude due to
information that promotes the AES, for example, via newsletters, lob-
bies, professional magazines (Defrancesco et al., 2008; Henderson,
Reis, et al., 2016; Kuhfuss et al., 2016; Mathijs, 2003; Rogers, 2003;
Schultz et al.,, 2007; Willock, Deary, Edwards-Jones, et al.,, 1999;
Willock, Deary, McGregor, et al., 1999). This assumption is based on
the availability heuristic, which states that people tend to overestimate
the frequency of events they have encountered recently or frequently
(Ajzen, 1996; Tversky & Kahneman, 1973).

The social behaviour is represented in the model by a utility func-
tion (Henderson et al., 2013; Henderson, Bauch, et al., 2016). Utility
in economics is understood as ranking different situations regarding
their desirability. Thus, if a person prefers option one over option two,
the utility assigned to option one is higher (Nicholson & Snyder, 2012).
This concept is used in this paper to reflect that a farmer perceives a
utility in complying with social norms. The behaviour of farmers pro-
vided with different information? is incorporated in our model by a
shift of the social utility function. We use this to explain why farmers
react differently to schemes with equal compensation level.

The model developed in this work is not meant as a proof for
the presence of social norms; many studies already did that (Dessart
et al., 2019; Kuhfuss et al., 2016; Thomas et al., 2019; Willock, Deary,
Edwards-Jones, et al., 1999). We rather show that models incorporat-
ing social norms are more suited to simulate the variety of dynamical
patterns of AES uptake. By that, our results indicate that the classical
economics concept commonly used for modelling human behaviour
fails and needs to be replaced or augmented by other factors decision-
makers face in their lives. The model developed in this paper should
be a step into this direction by gaining a better understanding of why
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farmers might not participate in AES and which implications that can

have for the design of future conservation schemes.

2 | MATERIALS AND METHODS

2.1 | Agri-environment scheme participation in
Europe

Two datasets of AES participation in Europe are used to motivate
the model presented in this paper. First, we use data from regis-
tered organic farms® in the EU in the period from 1997 to 2018
(indicator OIH 03 in European Commision, 2020). Since the data
are divided into countries, it allows us to compare dynamical pat-
terns of the development of organic farming in the 28 member
states. The data need to be treated with caution, however. EU re-
forms regarding cross-compliance (2003) and greening measures
(2013) changed the conditions during the time period (Thomas
et al., 2019). That might have influenced behavioural patterns. It
is also not feasible to assume the same amount of compensation
for all farmers for two reasons: first, organic farmers have vari-
ous options to receive subsidies, for example, for animal welfare,
support for areas with natural constraints and aid for marketing
and promotion of organic products. Second, differences between
countries arise since payments are split into support by the EU
Common Agricultural Policy and national co-financing (European
Commission, 2019).

We distinguish three categories of temporal developments in AES
participation, namely sudden increases, gradual increases and no clear
increases. The classification criteria are set as follows. If the number
of participants in a country doubles within 3years after the start or a
reform of the scheme (which we treat as a start of a new scheme) and
stays almost constant otherwise, we consider it a sudden increase. If
no such marked time period of drastic increase exists but participation
numbers grow over time, we consider it a gradual increase. All other
countries, for which the data show no or a decreasing trend or only
few data points exist, are considered to show no clear increases in par-
ticipation numbers.

The second dataset is from the Program for Agriculture and Rural
Development (PROFIL) in Lower Saxony and Bremen, Germany. The
program promoted, inter alia, extensive grasslands in the funding
period 2007-2014 (Reiter et al., 2016). The data used in this paper
consist of the area (ha) farmers applied for the AES for, corrected by
withdrawn areas. PROFIL replaced previous programs for agriculture
and rural development in Lower Saxony and Bremen after EU reforms.
Thus, as a simplifying assumption, 2007 can be seen as the start of the
scheme. Extensive grasslands were promoted twofold under PROFIL.
On the one hand, an action-oriented payment B1 compensated
farmers when they fulfilled requirements regarding watering, fertil-
izer usage and the date of first mowing. On the other hand, a result-
based payment B2 compensated farmers if they annually proved the
presence of four indicator species (Reiter et al., 2016). The payments
were, with an amount of 110 €/ ha, the same for both schemes.

Note that the two datasets are different in what is measured: the
first one present organic operators, whereas the second one present
area of land under the AES. For simplicity, we assume that opera-
tors participating in an AES and the area they apply for are positively
correlated, being aware that farm size and characteristics are highly
variable.

2.2 | Model

We consider a grid of n x n patches to model a landscape of agricul-
tural fields. Each patch represents a field of 1 ha size and is owned
by one farmer. All land-use decisions are assumed to be independ-
ent of each other. In the model, the land-use decision for a field is
based on either solely economic factors or based on a combination
of economic factors and social pressure due to descriptive norms.
Similar to Allaire et al. (2009), we use the local network of adjacent
fields to determine what a farmer perceives as the typically per-

formed behaviour. An overview of the model is given in Figure 1.

2.21 | Economic assumptions

We follow Barraquand and Martinet (2011) to describe the pecuniary
factors that influence the land-use decision (Figure 1, optimization
box). For simplicity, we consider only whether a farmer participates
in the AES (extensive grassland) or not (intensive cropland). Note that
this assumption does not display the decision farmers face in reality
and should be modified for more applied studies. A farmer chooses
the more profitable land use. The profit for cropland depends on
various factors like the temporally varying crop selling price pc [€/t]
(Deaton & Laroque, 1992) and the spatially heterogeneous soil qual-
ity Q. Thus, the expected net present value varies over time and in

space. The annual gross return is given by the function

”c(pcyQ,f) =pc Y(Q.f) —of — v, (1)

where Y(Q,f) [t/ha] is the crop yield given by the Mitscherlich-Baule
yield function (see Supporting Information). It depends on the beta-
distributed soil quality Q ~ £(1.15, 2.05) and the agricultural intensity
f for fertilizer and pesticide use, which is assumed to be optimized.*
Parameter w [€ / ha] describes the input cost and v [€ / ha] fixed costs
of cropland. Extensive grassland is assumed not to be affected by soil
qualities or temporally varying factors. The annual gross return is, thus,

given by the constant term

76 =P + Sg + Us, (2)

where pg is the grassland revenue [€/ha]. The subsidies for extensive
grassland are denoted by sg [€/ha]. We expanded Barraquand and
Martinet (2011) by the social utility function u, for non-pecuniary ef-
fects described below (Figure 1, descriptive norm box). It describes the
strength of the preference for one land use as a result of social pres-
sure from neighbours. Note that u; can be either positive or negative
and, thus, favour either cropland or grassland use, respectively. The
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FIGURE 1 Conceptual framework for the land-use decision process of farmers.

land-use decision consists of an optimization problem to maximize ex-
pected profits for a given time horizon H when starting at time ty and

assuming that u, remains constant in the future:

to+H

max Z 1

& o <) @
sisthediscountrateand z,is the expected gross returninyear t accord-
ing to (1) and (2). Parameter C, serves to include the assumption that
a change from one land use to another is accompanied by additional
conversion costs. H is chosen such that 7 (pCYtDJrH, Qf) » nc(P, Q)
where p is the mean crop selling price. This is true for H sufficiently
large since the expected crop selling price converges towards p. Then
the expected profits for grassland and cropland can be regarded as
constant for all t > t; + H, which results in a terminal condition for
backward optimization.

After the land-use decision in 1year, the forward-time spatially
explicit simulations make u;, vary, and the farmer adapts the strategy.
For all details and parameter values of the model, we refer to the
Supporting Information.

2.2.2 | Descriptive norms

The effect of descriptive norms is incorporated in the model as fol-
lows: the behaviour of the social network, represented by the Moore
neighbourhood,5 determines a farmer's preference for their land
use. However, this does not mean that farmers are influenced only
by neighbours in reality, but it serves as a representation of a unique
dynamical social network of each farmer. Let g be the number of
Moore neighbours with grassland use, g =0, 1, ..., 8. Then, following
Henderson, Bauch, et al. (2016), social utility can be implemented by

a sigmoidal function of g:

m m

us(g) = 1+ e’k (8*30) - Ey

where m > 0 controls the maximum value for social pressure. In the fol-
lowing, m will be denoted as the sociality coefficient. Parameter k gives
the slope at g, the midpoint of the curve. Figure 2 shows a graph of u;

(lower, solid blue curve). If m = 0 (Figure 2, dashed line), we will call our

model the classical economic model, which coincides with Barraquand
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Campaigns ?

m/2

Utility
o

-m/2

o 1 2 3 g, 5 6 7 8

Number of grassland neighbours

FIGURE 2 Social utility function (4) for descriptive norms. Utility
is calculated as a function of grasslands in the neighbourhood (a = 1,
solid blue curve). The introduction of informative campaigns shifts
the curve upwards (a = 2, solid red curve). Here, g, = 4and k = 1.5.

and Martinet (2011). It represents the case without social norms where
decisions are exclusively based on profit maximization. If m > 0, we will
call our model the socio-economic model. A farmer is then, in addition
to pecuniary factors, influenced by the land use performed in the
neighbourhood.

Parameter a > 0 defines the effect of informational campaigns on
the promotion of the scheme. a = 1 represents the baseline case with-
out additional information. Then, farmers have on average no pref-
erence for one or the other land use. Informational campaigns that
should encourage farmers to participate in the AES are realized by a
shift of u; upwards, a > 1 (see Figure 2, upper, solid red curve). That is,
with campaigns, the utility for grassland is higher than without cam-
paigns (a = 1) for all values of g. Therefore, the model with shifted util-
ity function will hereafter be referred to as the socio-economic model
with campaigns.

Note that the utility function is not validated with data or mech-
anistically driven. However, a sigmoid function is commonly assumed
(Lade et al., 2013; Tavoni et al., 2012) and complements game-

theoretical research on quantifying non-pecuniary values.

2.2.3 | Numerical simulations

Numerical model simulations are performed for the classical economic
model (m = 0) as well as for the socio-economic model in the base-
line case (m > 0, a = 1) and the socio-economic model with campaigns
(m> 0, a> 1). For the model comparison with the PROFIL data of
the applications for B1 and B2 schemes, an initial grassland share of
0.1% is chosen and randomly distributed over the grid. A grid size of
250 x 250 is calibrated such that the classical economic model pre-
dicts the correct grassland proportion for B1 applications. Due to the
simplified situation in the model, it is not possible to scale the grid to
an appropriate proportion of agricultural land in Lower Saxony and

Bremen. For the simulations in Section 3.2, the landscape size is re-
duced for computational reasons to a grid of 50 x 50 patches. The
proportion of participants in the AES is given by the share of extensive
grassland in the overall land use. Long-term behaviour of the system
is analysed testing initial grassland proportions in steps of 10% points.
For each initial grassland proportion, 50 stochastic replicates are pro-
duced to compute the ‘mean grassland share at t = 100’ to average
out random effects. In each replicate, the initial grassland share is dis-

tributed randomly in the landscape.

3 | RESULTS

3.1 | Social norms influence agri-environment
scheme participation patterns

The datasets of AES participation we used to motivate the socio-
economic model have two key properties regarding their dynamical
patterns: first, a gradually increasing participation level after the start
of (constant) compensation payments and, second, a long-term level
of participation that does not necessarily match the participation level
that leads to maximal profits. The first property is prominent in the
numbers of organic farms in the EU (Figure 3). Out of 28 member
states, 16 member states show a gradual increase in participation
numbers (red graphs), whereas only three member states show a
sudden increase (black graphs). The dynamics of nine member states
show different patterns with no clear increase (grey graphs).

We now show that simulations of the socio-economic model
presented in Section 2.2 can reflect the gradual increase in partic-
ipation much better than classical economics theory. To that end,
we consider the data for the grassland schemes in Lower Saxony
and Bremen, Germany. The applications for the B1 and B2 schemes
show a gradually increasing trend over time (Figure 4, red solid
lines), similar to the participation in organic farming in the majority
of EU member states, even though the level of subsidization has
remained constant over the whole funding period. Figure 4 also
shows numerical simulations of the classical economic (dashed
lines) and the socio-economic model (dashed-dotted lines), under
the simplifying assumption that farmers can only decide for or
against the schemes. The classical economic model predicts that
all farmers for which participating is more profitable do so imme-
diately with the start of the AES. Changes in the participation level
after 2007 are only due to variations in the crop selling price. This
result is due to the rationality assumption and therefore robust
to different parameter choices. The situation in 2008 is the same
as in 2013 (except for stochasticity). Therefore, the increasing
trend of the data cannot be simulated with the classical economic
model unless the crop price was increasing linearly. By contrast,
the socio-economic model predicts a gradually increasing trend
of applications for both B1 and B2 as observed in the data. With
the start of the AES, only a small proportion of farmers applies to
change land use to grassland. This is due to the sigmoidal utility
functions with negative values for low participation proportions,
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which initially inhibit the participation of the other farmers. With
more and more farmers participating, the social pressure increases
and the utility functions for B1 and B2 become positive. This stip-
ulates continually increasing applications over time. Note that the
gradual increase in the data could be also explained by monetary
factors, for example, due to a gradual decrease in the crop selling
price. However, since the simulation results are robust to various
price scenarios, we conclude that non-pecuniary factors driving
the dynamics are more likely.

Another property of the PROFIL data in Lower Saxony
and Bremen is that many more farmers applied for the action-
oriented scheme B1 than for the result-based scheme B2 (com-
pare Figure 4a,b)—even though the compensation payments were,
with an amount of 110 €/ha, the same for both schemes. The
classical economic model fails to capture this property. It pre-
dicts the same participation level for both the B1 and B2 schemes
(Figure 4, black dashed lines). If all farmers based their land-use
decision only on maximizing profits, we would expect an equal
distribution of B1 and B2 schemes due to identical compensation
payments. By contrast, the socio-economic model allows to dif-
ferentiate only by changing one parameter in the utility function
and thereby matches both datasets well (Figure 4, black dashed-
dotted lines). Since the action-oriented scheme B1 is promoted in
a way in which the farmer knows pretty well what to do and what
to expect, it is put in a good light (a = 2). In contrast, the result-
based scheme is promoted with focus on the risk of not receiving
the payment (a = 1). Therefore, the socio-economic model and all
parameters are similar for B1 and B2 except for how the schemes
are promoted. This choice of parameters requires some further
comments: the two schemes (B1 and B2) are in fact different. The
action-oriented program B1 has a lower risk for the farmer not to
receive the payment. Hence, farmers might be more sceptical of
B2, consider it less likely to have indicator species on their fields or
be less confident in having the expertise in which farming practices
help to create good habitats for these species. This risk perception
is not incorporated into the model and will definitely play a role
for the decision-making. Thus, it is not only the framing which is
different for the two schemes. What we want to address is, how-
ever, that the narrative of the two schemes may not account for all
(dis-)advantages. A possible advantage of B2 over B1 is that farm-
ers have less restrictions in the farming practices and can bring in
their own expertise. Furthermore, the ecological benefits of B2
are directly visible, which assures the effectiveness of the scheme.
Finally, the economic outcome of the farming practice itself is
more expectable when not being confined to certain actions and
can be optimized with learning. In contrast, the ecological impact
of B1 is doubtful and restrictions impede flexible reactions to deal
with unforeseen circumstances (e.g. weather). For this reason, we
suggest that the B1 and B2 schemes are presented by government
agencies or perceived by farmers differently, namely in such a way
that justifies the choice of the socio-economic model with cam-

paigns for B1 and without campaigns for B2.
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FIGURE 4 Areas for which farmers applied for B1 and B2
payments in Lower Saxony and Bremen (Germany) compared with
predictions by the classical economic (dashed) and the socio-
economic model (dashed-dotted). A subsidy level sg = 110 is used
according to the data. Parameter values m = 300, k = 1.5, g, = 4 are
chosen for the socio-economic model. Additional campaigns a = 2
in (a). Data from Reiter et al. (2016).

3.2 | Implications for modelling social norms

We now provide a theoretical model analysis to derive general rules
for dynamic participation patterns in the presence of social norms.
We are interested in both the temporal development of participation
immediately after the start of an AES (i.e. the transient dynamics) and

the participation level in the long term (i.e. the stationary behaviour).

3.2.1 | Transient dynamics

The participation level after the start of an AES crucially depends
on the model parameters (Figure 5). The classical economic model
(red solid line) predicts an instantaneous jump in the grassland share
right in the first year of the AES and no further trend over time.
Fluctuations are due to crop price variability (grey solid line). The
subsidy level of s = 110 € /haresults in an average grassland share
of around 40%. The existence of social norms in the model (m > 0)

changes the dynamical behaviour. The socio-economic model in the
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model assumptions (red, left y-axis) and crop price over time (grey,
right y-axis). Initial grassland share: 1%, economic parameter:

sg = 110, parameters for utility function: m = 300, k = 1.5, g, = 4
,a=1.5.

baseline (dashed line in Figure 5) predicts a grassland share that is
much lower (at around 5%) and barely increasing. Since the initial
grassland share is low, the utility function is negative and inhibits
AES participation. Cropland is dominant in the surrounding of every
patch and, thus, farmers do not choose extensive grassland even if
it was more profitable. Note that the situation can change if the ini-
tial grassland share is larger; this will be discussed in Section 3.2.2.

The socio-economic model with campaigns (dotted line in
Figure 5) shows a gradual increase of the grassland share over the
first 100 time steps up to 40%. Due to the preference for grassland,
less participating farmers in the neighbourhood are required to push
farmers to adopt the grassland scheme. After the drop in the crop
price at around t = 110, the average grassland share increases to a
level of around 50% and exceeds the participation level in the classical
economic model. Interestingly, the grassland share does not decline
when the crop price increases again. Thus, the long-term dynamics
in the classical economic model and the socio-economic model with
campaigns are similar, even when campaigns slightly elevate participa-
tion levels. Only the transient phase is different.

The average level of participation is a result of an interplay be-
tween different factors: the varying crop price and the level of sub-
sidies determine the pecuniary factors which can vary over time. The
initial land use is spatially heterogeneous and determines the effect of
social pressure. Note that the land use also strongly depends on the
heterogeneous soil qualities of the fields, which is not discussed in this
paper but addressed in Vortkamp et al. (2020).

3.2.2 | Long-term participation

In the following, we investigate the impact of the utility function on
the long-term AES participation, indicated by the mean grassland
share at t = 100. Figure 6 shows this as a function of the sociality co-
efficient and for different initial grassland shares. When social norms
play a minor role in the decision (i.e. small sociality coefficient m), a
long-term grassland share of around 50% can be identified for all
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FIGURE 6 Mean long-term grassland share in the landscape

as a function of the sociality coefficient m € [0, 600]. Without
campaigns: a = 1 (a) and with campaigns: a = 1.5 (b), a = 2 (c). Initial
grassland share grouped in 0.1 steps indicated by the colour bar.
50 replicates for each initial condition. Lines connect outcomes for
the same initial conditions. Other parameter values k = 1.5, g, = 4,
teng = 100, s¢ = 120.

initial conditions. That is, the system has a unique stable equilibrium
where all initial conditions lead to. This holds not only for the baseline
socio-economic model (Figure 6a) but also for different intensities of
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campaigns (Figure 6b,c). Thus, campaigns only take effect when social
norms affect the land-use decision strongly enough.

Now, we consider the impact of stronger social norms and first
focus on the baseline case of the socio-economic model (a = 1). For
increasing sociality coefficients, the mean long-term grassland share
steadily decreases, as long as approximately m < 400. For even larger
sociality coefficients, the long-term behaviour depends on the initial
conditions. The majority of initial conditions continue the declining
trend and result in a long-term grassland share of 0% for m > 400
(dark curves in Figure 6a). By contrast, a few initial conditions with
large initial grassland shares reverse the declining trend and exhibit
an increase for m > 400 (light curves in Figure 6a). That is, social
norms have a non-monotonous effect if the initial grassland share
is large. We note two key results for the baseline socio-economic
model. First, the tendency of decreasing long-term grassland shares
in response to stronger social norms reflects that farmers often re-
fuse to participate in AES even if it was more profitable. Thus, farm-
ers adopt AES less than expected under the assumption of rational
decision-making, as it was seen in the B2 application data. Second,
for large sociality coefficients, the system reveals multistability. That
is, the initial participation level is crucial for long-term AES participa-
tion. When a critical proportion of participating farmers is exceeded,
the system approaches a different stable state with another long-
term grassland share. However, in the baseline case, quite large ini-
tial grassland proportions are required to prevent the system from
being locked in a zero long-term grassland share for m > 400.

In the remainder, we additionally consider the impact of cam-
paigns. First, we focus on the socio-economic model with a smaller
effect of campaigns (a = 1.5). Figure éb reveals an increase in the
long-term grassland share in response to increasing sociality coeffi-
cients, for all initial conditions provided that m < 200. This contrasts
the declining trend for the baseline socio-economic model in the same
parameter range, even though the subsidy level remained the same.
For approximately m > 200, the long-term outcome again depends
on the initial grassland share. The multistability is more pronounced
and occurs over a wider parameter range than in the baseline case.
There seem to be two dominating branches of curves, one leading to
zero grassland use for small initial grassland shares and one leading to
complete grassland use for large initial grassland shares. This indicates
a fragile system that tips to either very low or very high grassland use.
The simulations suggest that, if social norms are present, campaigns
can push the system to higher grassland shares, except for high soci-
ality coefficients (m > 500) in combination with low initial grassland
shares (=30%). Second, a stronger effect of campaigns (a = 2) effec-
tively eliminates multistability from the system (Figure 6c). For a given
value of m, all initial conditions approach the same long-term grass-
land share, except for 550 < m < 600. The long-term grassland share
steadily increases from about 50% to almost 100% in response to an
increasing sociality coefficient. That is, for high values of m the prefer-
ence for grassland is so strong that even if the initial grassland share
is almost zero, many farmers are pushed by the norm to participate
in the grassland scheme. This may not be realistic in the context of
AES and parameters potentially need to be adapted to interpret the

result more precisely. However, it can help to understand the effects
of campaigns on dynamic patterns.

We note two key effects of informational campaigns. First, as they
increase the preference for grassland use, they achieve higher partici-
pation levels in the AES. This holds true for all initial grassland shares if
social pressure is weak (small values of m) or if the effect of campaigns
is strong (large value of a). Second, while social norms have the ten-
dency to lock in small initial grassland shares in reinforcing feedback
loops, campaigns have the potential to counteract this feedback struc-

ture and steer the grassland use in the reversed direction.

4 | DISCUSSION

Coupled human-environment systems like agricultural landscapes are
complex. Different parts of the system can be described by differ-
ent disciplines. The value of multidisciplinary work is to bring differ-
ent disciplines together and mediate between actors. In this paper,
we developed a socio-economic model for farmers' decision-making
when AES are available and thereby combine approaches from clas-
sical and behavioural economics. A sigmoidal utility function with no
preference for one land use is developed to reflect that farmers' land-
use decisions are influenced both by economic and social factors. The
model complements game-theoretical research on quantifying non-
pecuniary values (Bikhchandani et al., 1992; Le Coent et al., 2018)
and can explain why AES participation levels are often lower than
predicted by classical economic models (Burton et al., 2008; Lobley
& Potter, 1998; Mathijs, 2003; Nyborg et al., 2006). The model is de-
signed so that a farmer is hindered from AES participation when he or
she perceives that only few farmers in the neighbourhood do so even
if compensation payments were large enough to stipulate participa-
tion from a purely economic point of view.

The socio-economic model with campaigns captures the situa-
tion when farmers are provided with information that promotes the
scheme and can be sufficient to trigger a higher proportion of farmers
to participate in the AES. This confirms empirical studies, which have
demonstrated that how a policy is framed and promoted can signifi-
cantly alter the perception and reaction of the target group of this
policy (Bikhchandani et al., 1992; Nyborg et al., 2006; Sutherland &
Darnhofer, 2012; Thomas et al., 2019). Our modelling approach is able
to reproduce different dynamical patterns of two grassland schemes in
Lower Saxony and Bremen (Germany) that compensate farmers equally.
This was not possible given only rational assumptions. We are aware
that farmers rather participate in action-oriented schemes (Sutherland
& Darnhofer, 2012), which may be considered less risky to receive pay-
ments. However, a biased description that confronts farmers with the
risks of a result-based scheme rather than the opportunity to bring in
their own expertise and flexibility in the farming practice can increase
the gap of participation levels between the two. Framing in campaigns
is highly debated, though (Loewenstein et al., 2015). Arguments against
framing range from the possibility of misguidance of social norms
(Cialdini, 2003) to manipulation of the target group (Kuhfuss et al., 2016).
Furthermore, one should have in mind that the effect of framing is highly
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TABLE 1 Examples of steadily increasing AES participation patterns.

Study Type of AES

Lobley and Potter (1998)
Johann Heinrich von Thiinen-Institut (2008a)
Johann Heinrich von Thiinen-Institut (2008b)

Ministerio de Agricultura, Ramaderia, Pesca | Forest scheme

Alimentacio (2016)
Johann Heinrich von Thiinen-Institut (2016)
Reiter et al. (2016)

Ministere de I'Agriculture, de I'Agroalimentaire et Forest scheme

de la Foret (2017)
Zenger and Schober (2018)

context-dependent, which is why it is hard to optimize environmental
campaigns (Mosler & Martens, 2008; Thomas et al., 2019).

However, both versions of the socio-economic model (baseline
and with campaigns) could produce gradually increasing participa-
tion patterns as in the data. This is not an exceptional property of
the German and the European datasets considered in this paper.
We have found similar gradual increases in AES participation all
over Europe, a collection of which is listed in Table 1. Direct re-
sponses after the start of an AES as predicted by classical economic
theory are only likely if changes in the farming practice are small
(McCracken et al., 2015; Rogers, 1958; Schramek & Schnaut, 2004;
Sutherland & Darnhofer, 2012). Finally, our analysis of the long-
term behaviour shows that social norms, if strong enough, can
push a monostable system to a region of multistability. How is that
possible? Villanueva et al. (2015) performed a choice experiment
and categorized farmers in potential participants (in AES), non-
participants and farmers willing to participate but having different
requirements. In light of our model simulations, we can argue that
the behaviour of the last group finally depends on positive feed-
back by the behaviour of others. Thus, the proportion of the last
group may determine how pronounced the branches in Figure 6
are. Empirical explanations for multistability are diverse. One ex-
planation is that AES gives time to acquire new skills and better
knowledge of the risk, leading to long-term behavioural changes.
Transitions towards conservation-oriented attitudes through
scheme participation are also possible (Wilson & Hart, 2001).
Moreover, social norms can supercharge non-pecuniary but self-
ish motivations (warm-glow feeling) and, thus, increase the likeli-
hood that farmers maintain pro-environmental practices (Kuhfuss
et al.,, 2016). If the decision-making process does have multiple
stable states, it shows that not only the decision towards an AES
is represented insufficiently by classical economic models but also
the long-term effects are not captured well. The so-called ‘end-of-
contract problem’ is not addressed in this study but a possibility for
further research (Kuhfuss et al., 2016).

The question of determinants for economic decisions in an agri-
cultural context remains controversial in the literature (Bikhchandani
et al.,, 1992; Henderson, Reis, et al., 2016; Lobley & Potter, 1998;

Environmentally sensitive area
Extensive grassland

Extensive grassland

Extensive grassland

Extensive grassland

Extensive grassland

Location Funding period
England, UK 1987-1996
Bremen, Germany 2000-2006
Lower Saxony, Germany 2000-2006
Catalonia, Spain 2007-2013
North Rhine-Westphalia, Germany 2000-2004
Lower Saxony, Germany 2007-2014
France 2007-2013
Bavaria, Germany 2007-2017

Pavlis et al., 2016; Willock, Deary, McGregor, et al., 1999) and one
can argue that different or additional mechanisms than social norms
may be responsible for the observed dynamical patterns. This is
true and hence the question would need further exploration to be
answered conclusively. However, we translated the findings of em-
pirical studies about social norms into a quantitative model to break
with the paradigm that classical economic models are adequate to
simulate human behaviour in economic contexts. This first attempt
makes simplified assumptions about the social network of farmers
represented by the nearest neighbours. Further studies that investi-
gate the effect of strong and weak players in the system as well as dif-
ferently structured farmer communities with early and late adopters
would be desirable (e.g. Rogers, 2003). However, the limited success
of many AES has shown that the assumption that farmers' decision is
just profit-based is too short-sighted and new concepts are needed
(Henderson, Bauch, et al., 2016; Thomas et al., 2019). This becomes
obvious by comparing the participation patterns of the action-based
scheme B1 and the result-based scheme B2. The former scheme is
much more attractive to farmers but its impact on conservation is
doubtful (Sabatier et al., 2012). The latter, on the contrary, is rarely
adopted by farmers, even if it contributed more to the goal of biodi-
versity maintenance. It is crucial to understand the motives leading to
or against participation in an AES for successful conservation.
Overall, our simulations show the importance of feedback in the
social subsystem of a complex human-environment system and sug-
gest that conservation will probably not be successful if simply more
money is allocated to compensate farmers (Wilson & Hart, 2001).
Preferably, AES are designed such that farmers are involved with
their knowledge and skills to use the social norm for conservation
(Thomas et al., 2019; Wilson & Hart, 2001; Wynne-Jones, 2013). A
precautionary, integrated approach can use synergies between soci-

etal goals and nature conservation (Harris et al., 2003).
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ENDNOTES

! The social network will be represented as the neighbourhood in the
model. Hence, neighbourhood could be understood not only geo-
graphically, but also as social network in this context.

2 Informing farmers in a specific way can be seen as a form of nudging,
which is an aspect of the choice architecture that alters people's be-
haviour in a predictable way without forbidding any options or signifi-
cantly changing their economic incentives (Thaler & Sunstein, 2008).

3 Organic farming is not an AES in the strict sense but administered as
one.

4 f is optimal when it solves the equation "g—; = 0. For details, we refer to
the Supporting Information.

> Eight cells that surround the selected cell.

REFERENCES

Ajzen, |. (1996). The social psychology of decision making. In E. Higgins &
A. Kruglanski (Eds.), Social psychology: Handbook of basic principles
(pp. 297-325). Guilford Press.

Allaire, G., Cahuzac, E., & Simioni, M. (2009). Contractualisation et dif-
fusion spatiale des mesures agro-environnementales herbagéres.
Review of Agricultural and Environmental Studies-Revue d'Etudes en
Agriculture et Environnement (RAEStud), 90(1), 23-50.

Aspinall, R., & Staiano, M. (2017). A conceptual model for land system dy-
namics as a coupled human-environment system. Land, 6(81), 1-9.

Barraquand, F., & Martinet, V. (2011). Biological conservation in dy-
namic agricultural landscapes: Effectiveness of public policies and
trade-offs with agricultural production. Ecological Economics, 70(5),
910-920.

Bateman, I. J., Harwood, A. R., Mace, G. M., Watson, R. T., Abson, D. J.,
Andrews, B., Binner, A., Crowe, A., Day, B. H., Dugdale, S., Fezzi,
C., Foden, J., Hadley, D., Haines-Young, R., Hulme, M., Kontoleon,
A., Lovett, A. A., Munday, P., Pascual, U., ... Termansen, M. (2013).
Bringing ecosystem services into economic decision-making: Land
use in the United Kingdom. Science, 341(6141), 45-50.

Baylis, K., Peplow, S., Rausser, G., & Simon, L. (2008). Agri-environmental
policies in the EU and United States: A comparison. Ecological
Economics, 65(4), 753-764.

Beedell, J., & Rehman, T. (1999). Explaining farmers' conservation be-
haviour: Why do farmers behave the way they do? Journal of
Environmental Management, 57(3), 165-176.

Bicchieri, C., & Mercier, H. (2014). Norms and beliefs: How change oc-
curs. In M. Xenitidou & B. Edmonds (Eds.), The complexity of social
norms (pp. 37-54). Springer.

Bikhchandani, S., Hirshleifer, D., & Welch, 1. (1992). A theory of fads,
fashion, custom, and cultural change as informational cascades.
Journal of Political Economy, 100(5), 992-1026.

Burton, R. J., Kuczera, C., & Schwarz, G. (2008). Exploring farmers'
cultural resistance to voluntary agri-environmental schemes.
Sociologia Ruralis, 48(1), 16-37.

Cialdini, R. B. (2003). Crafting normative messages to protect the envi-
ronment. Current Directions in Psychological Science, 12(4), 105-109.

Deaton, A., & Laroque, G. (1992). On the behaviour of commodity prices.
The Review of Economic Studies, 59(1), 1-23.

Defrancesco, E., Gatto, P., Runge, F., & Trestini, S. (2008). Factors af-
fecting farmers' participation in agri-environmental measures: A
Northern Italian perspective. Journal of Agricultural Economics,
59(1), 114-131.

Dessart, F. J., Barreiro-Hurlé, J., & van Bavel, R. (2019). Behavioural
factors affecting the adoption of sustainable farming practices: A
policy-oriented review. European Review of Agricultural Economics,
46(3),417-471.

Drechsler, M. (2021). Impacts of human behaviour in agri-environmental
policies: How adequate is homo oeconomicus in the design of
market-based conservation instruments? Ecological Economics, 184,
107002.

European Commision. (2019). Organic farming in the EU—A fast growing
sector (3/2019). https://ec.europa.eu/agriculture/markets-and-
prices/index_en.htm

European Commision. (2020). CMEF Indicator data. https://agridata.
ec.europa.eu/extensions/DashboardIndicators/DataExplorer.html

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter,
S. R, Chapin, F. S,, Coe, M. T,, Daily, G. C., Gibbs, H. K., Helkowski,
J. H., Holloway, T., Howard, E. A., Kucharik, C. J.,, Monfreda, C.,
Patz, J. A., Prentice, I. C., Ramankutty, N., & Snyde, P. K. (2005).
Global consequences of land use. Science, 309, 570-574. https://
doi.org/10.1126/science.1111772

GLP. (2005). Science plan and implementation strategy. IGBP Report
No. 53/IHDP Report No. 19. http://www.igbp.net/downl
0ad/18.1b82ae20512db692f2a680006384/1376383121392/
report_53-GLP.pdf

Hallmann, C. A, Sorg, M., Jongejans, E., Siepel, H., Hofland, N., Schwan,
H., Stenmans, W., Miiller, A., Sumser, H., Horren, T., Goulson, D., &
de Kroon, H. (2017). More than 75 percent decline over 27 years
in total flying insect biomass in protected areas. PLoS ONE, 12(10),
e0185809.

Harris, G. P., Bigelow, S. W., Cole, J. J., Cyr, H., Janus, L. L., Kinzig, A.
P., Kitchell, J. F., Likens, G. E., Reckhow, K. H., Scavia, D., Soto, D.,
Talbot, L. M., & Templer, P. H. (2003). The role of models in ecosys-
tem management. In C. D. Canham, J. J. Cole, & W. K. Lauenroth
(Eds.), Models in ecosystem science (pp. 299-307). Princeton
University Press.

Henderson, K. A., Anand, M., & Bauch, C. T. (2013). Carrot or stick?
Modelling how landowner behavioural responses can cause incentive-
based forest governance to backfire. PLoS ONE, 8(10), e77735.

Henderson, K. A., Bauch, C. T., & Anand, M. (2016). Alternative stable
states and the sustainability of forests, grasslands, and agriculture.
Proceedings of the National Academy of Sciences of the United States
of America, 113(51), 14552-14559.

Henderson, K. A., Reis, M., Blanco, C. C., Pillar, V. D., Printes, R. C., Bauch,
C. T.,, & Anand, M. (2016). Landowner perceptions of the value of
natural forest and natural grassland in a mosaic ecosystem in south-
ern Brazil. Sustainability Science, 11(2), 321-330.

85U801 7 SUOWILLIOD SAIIERID 8ol [dde ay) Aq peusenob 818 Saolle YO 8SN JO S9INJ 10} AReidT8UIIUQ AB]IA UO (SUOTHPUOD-PUE-SWLBIALI0D &3] 1M Afe.d 1 |Bul[Uo//Sdy) SUONIPUOD pue swie | 8y} 88S *[£202/80/€0] U0 Akeiqi8uliuo A8|IM ‘IBeISIBAIUN %0eNIdeusO AQ 080T €Ued/200T OT/I0p/wW0d" A3 1M AleIq 1 joul [0S feuIN0 saq)/:sdny Wolj pepeojumod ‘v ‘€202 ‘YTE8S.SE


https://orcid.org/0000-0002-9051-4536
https://orcid.org/0000-0002-9051-4536
https://orcid.org/0000-0001-5470-8889
https://orcid.org/0000-0001-5470-8889
https://ec.europa.eu/agriculture/markets-and-prices/index_en.htm
https://ec.europa.eu/agriculture/markets-and-prices/index_en.htm
https://agridata.ec.europa.eu/extensions/DashboardIndicators/DataExplorer.html
https://agridata.ec.europa.eu/extensions/DashboardIndicators/DataExplorer.html
https://doi.org/10.1126/science.1111772
https://doi.org/10.1126/science.1111772
http://www.igbp.net/download/18.1b8ae20512db692f2a680006384/1376383121392/report_53-GLP.pdf
http://www.igbp.net/download/18.1b8ae20512db692f2a680006384/1376383121392/report_53-GLP.pdf
http://www.igbp.net/download/18.1b8ae20512db692f2a680006384/1376383121392/report_53-GLP.pdf

1158 People and Nature

VORTKAMP and HILKER

IPBES. (2019). Summary for policymakers of the global assessment re-
port on biodiversity and ecosystem services. https://www.ipbes.
net/sites/default/files/2020-02/ipbes_global_assessment_re-
port_summary_for_policymakers_en.pdf

Johann Heinrich von Thiinen-Institut. (2008a). Ex-post-Bewertung des
Plans des Landes Bremen zur Entwicklung des landlichen aums.
https://literatur.thuenen.de/digbib_extern/bitv/zi044047.pdf

Johann Heinrich von Thiinen-Institut. (2008b). Ex-post-Bewertung von
PROLAND Niedersachsen. https://literatur.thuenen.de/digbib_
extern/bitv/zi044045.pdf

Johann Heinrich von Thiinen-Institut. (2016). Ex-post-Bewertung NRW-
Programm &ndlicher Raum 2007 bis 2013. https://www.umwelt.
nrw.de/fileadmin/redaktion/PDFs/landwirtschaft/programm_
laendl_raum/ex-post_bewertung_endbericht.pdf

Kuhfuss, L., Préget, R., Thoyer, S., Hanley, N., Le Coent, P., & Désolé,
M. (2016). Nudges, social norms, and permanence in agri-
environmental schemes. Land Economics, 92(4), 641-655.

Lade, S. J., Tavoni, A., Levin, S. A, & Schliter, M. (2013). Regime shiftsin a
social-ecological system. Theoretical Ecology, 6(3), 359-372.

Le Coent, P, Preget, R., & Thoyer, S. (2018). Do farmers follow the herd?
The influence of social norms in the participation to agri-environmental
schemes, https://halshs.archives-ouvertes.fr/halshs-01936004, CEE-M
Working Papers 2018-02, HAL: halshs-01936004

Lobley, M., & Potter, C. (1998). Environmental stewardship in UK agri-
culture: A comparison of the environmentally sensitive area pro-
gramme and the countryside stewardship scheme in South East
England. Geoforum, 29(4), 413-432.

Loewenstein, G., Bryce, C., Hagmann, D., & Rajpal, S. (2015). Warning:
You are about to be nudged. Behavioral Science & Policy, 1(1), 35-42.

Mathijs, E. (2003). Social capital and farmers' willingness to adopt
countryside stewardship schemes. Outlook on Agriculture, 32(1),
13-16.

Mbow, C., Rosenzweig, C., Barioni, L. G., Benton, T. G., Herrero, M,
Krishnapillai, M., Liwenga, E., Pradhan, P., Rivera-Ferre, M. G., Sapkota,
T., Tubiello, F. N., & Xu, Y. (2019). Food security. In P. R. Shukla, J. Skea,
E. Calvo Buendia, V. Masson-Delmotte, H. O. Pértner, D. C. Roberts,
P. Zhai, R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey,
S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E.
Huntley, ... J. Malley (Eds.), Climate Change and Land: An IPCC special
report on climate change, desertification, land degradation, sustainable
land management, food security, and greenhouse gas fluxes in terrestrial
ecosystems, pp. 437-550.

McCracken, M. E., Woodcock, B. A., Lobley, M., Pywell, R. F., Saratsi, E.,
Swetnam, R. D., Mortimer, S. R., Harris, S. J., Winter, M., Hinsley, S.,
& Bullock, J. M. (2015). Social and ecological drivers of success in
agri-environment schemes: The roles of farmers and environmental
context. Journal of Applied Ecology, 52(3), 696-705.

Ministere de I'Agriculture, de I'Agroalimentaire et de la Foret. (2017).
Evaluation ex post du Programme de Developpement Rural
Hexagonal  (PDRH)—Programmation = FEADER  2007/2013.
https://www.reseaurural.fr/sites/default/files/documents/
fichiers/2017-10/2017_rrf_rapport_evaluation_ex_post_
PDRH_2007_2013_tome_1.pdf

Ministerio de Agricultura, Ramaderia, Pesca | Alimentacié. (2016).
Evaluacién a posteriori del programa de desarrollo rural de Catalunya
2007-2013. https://www.mapa.gob.es/es/desarrollo-rural/temas/
programas-ue/eval_ex_post_catalunya_vol_i_tcm30-380377.pdf

Mosler, H. J., & Martens, T. (2008). Designing environmental campaigns
by using agent-based simulations: Strategies for changing envi-
ronmental attitudes. Journal of Environmental Management, 88(4),
805-816.

Nicholson, W., & Snyder, C. M. (2012). Microeconomic theory: Basic princi-
ples and extensions. Nelson Education.

Nyborg, K., Howarth, R. B., & Brekke, K. A. (2006). Green consumers and
public policy: On socially contingent moral motivation. Resource
and Energy Economics, 28(4), 351-366.

Pavlis, E. S., Terkenli, T. S., Kristensen, S. B., Busck, A. G., & Cosor, G.
L. (2016). Patterns of agri-environmental scheme participation in
Europe: Indicative trends from selected case studies. Land Use
Policy, 57, 800-812.

Ramirez, I. (2018). Is the EU really committed to halt the decline of our
farmland birds? Animal Conservation, 21(3), 197-198.

Reimer, A. P., Weinkauf, D. K., & Prokopy, L. S. (2012). The influence of
perceptions of practice characteristics: An examination of agricul-
tural best management practice adoption in two Indiana water-
sheds. Journal of Rural Studies, 28(1), 118-128.

Reiter, K., Roggendorf, W., Sander, A., Liebersbach, H., & Techen,
A. K. (2016). Ex-post-Bewertung PROFIL—Programm zur
Férderung im landlichen Raum Niedersachsen und Bremen
200-72013—AgrarumweltmaBnahmen (ELER-Code 214). https://
www.ml.niedersachsen.de/download/121458/Expost-Bewer
tung_Agrarumweltmassnahmen.pdf

Rogers, E. M. (1958). Categorizing the adopters of agricultural practices.
Rural Sociology, 23(4), 346-354.

Rogers, E. M. (2003). Diffusion of Innovations (5th ed.). Simon & Schuster.

Sabatier, R., Doyen, L., & Tichit, M. (2012). Action versus result-oriented
schemes in a grassland agroecosystem: A dynamic modelling ap-
proach. PLoS ONE, 7(4), e33257.

Sattler, C., & Nagel, U. J. (2010). Factors affecting farmers' acceptance
of conservation measures—A case study from north-eastern
Germany. Land Use Policy, 27(1), 70-77.

Schramek, J., & Schnaut, G. (2004). Motive der (Nicht-) Umstellung auf
Oko-Landbau. Okologie & Landbau, 3(3), 44-66.

Schultz, P. W., Nolan, J. M., Cialdini, R. B., Goldstein, N. J., & Griskevicius,
V. (2007). The constructive, destructive, and reconstructive power
of social norms. Psychological Science, 18(5), 429-434.

Steffen, W., Richardson, K., Rockstrom, J., Cornell, S. E., Fetzer, I.,
Bennett, E. M., Biggs, R., Carpenter, S. R., de Vries, W., de Wit, C.
A., Folke, C., Gerten, D., Heinke, J., Mace, G. M., Persson, L. M.,
Ramanathan, V., Reyers, B., & Soérlin, S. (2015). Planetary boundar-
ies: Guiding human development on a changing planet. Science, 347,
736. https://doi.org/10.1126/science.1259855

Sunstein, C. R. (1996). Social norms and social roles. Columbia Law Review,
96, 903.

Sutherland, L. A., & Darnhofer, I. (2012). Of organic farmers and ‘good
farmers’: Changing habitus in rural England. Journal of Rural Studies,
28(3), 232-240.

Tavoni, A., Schliiter, M., & Levin, S. (2012). The survival of the conform-
ist: Social pressure and renewable resource management. Journal of
Theoretical Biology, 299, 152-161.

Thaler, R. H., & Sunstein, C. R. (2008). Nudge: Improving decisions about
health, wealth, and happiness. Yale University Press.

Thagersen, J. (2014). The mediated influences of perceived norms on
pro-environmental behavior. Revue d'Economie Politique, 124(2),
179-193.

Thomas, F., Midler, E., Lefebvre, M., & Engel, S. (2019). Greening the
common agricultural policy: A behavioural perspective and lab-in-
the-field experiment in Germany. European Review of Agricultural
Economics, 46(3), 367-392.

Tilman, D., Balzer, C., Hill, J., & Befort, B. L. (2011). Global food
demand and the sustainable intensification of agriculture.
Proceedings of the National Academy of Sciences of the United
States of America, 108, 20260-20264. https://doi.org/10.1073/
pnas.1116437108

Tversky, A., & Kahneman, D. (1973). Availability: A heuristic for judging
frequency and probability. Cognitive Psychology, 5(2), 207-232.

Villanueva, A., Gémez-Limon, J. A., Arriaza, M., & Rodriguez-Entrena, M.
(2015). The design of agri-environmental schemes: Farmers' prefer-
ences in southern Spain. Land Use Policy, 46, 142-154.

Vortkamp, I., Barraquand, F., & Hilker, F. M. (2020). Ecological Allee ef-
fects modulate optimal strategies for conservation in agricultural
landscapes. Ecological Modelling, 435, 109208.

85U801 7 SUOWILLIOD SAIIERID 8ol [dde ay) Aq peusenob 818 Saolle YO 8SN JO S9INJ 10} AReidT8UIIUQ AB]IA UO (SUOTHPUOD-PUE-SWLBIALI0D &3] 1M Afe.d 1 |Bul[Uo//Sdy) SUONIPUOD pue swie | 8y} 88S *[£202/80/€0] U0 Akeiqi8uliuo A8|IM ‘IBeISIBAIUN %0eNIdeusO AQ 080T €Ued/200T OT/I0p/wW0d" A3 1M AleIq 1 joul [0S feuIN0 saq)/:sdny Wolj pepeojumod ‘v ‘€202 ‘YTE8S.SE


https://www.ipbes.net/sites/default/files/2020-02/ipbes_global_assessment_report_summary_for_policymakers_en.pdf
https://www.ipbes.net/sites/default/files/2020-02/ipbes_global_assessment_report_summary_for_policymakers_en.pdf
https://www.ipbes.net/sites/default/files/2020-02/ipbes_global_assessment_report_summary_for_policymakers_en.pdf
https://literatur.thuenen.de/digbib_extern/bitv/zi044047.pdf
https://literatur.thuenen.de/digbib_extern/bitv/zi044045.pdf
https://literatur.thuenen.de/digbib_extern/bitv/zi044045.pdf
https://www.umwelt.nrw.de/fileadmin/redaktion/PDFs/landwirtschaft/programm_laendl_raum/ex-post_bewertung_endbericht.pdf
https://www.umwelt.nrw.de/fileadmin/redaktion/PDFs/landwirtschaft/programm_laendl_raum/ex-post_bewertung_endbericht.pdf
https://www.umwelt.nrw.de/fileadmin/redaktion/PDFs/landwirtschaft/programm_laendl_raum/ex-post_bewertung_endbericht.pdf
https://halshs.archives-ouvertes.fr/halshs-01936004
https://www.reseaurural.fr/sites/default/files/documents/fichiers/2017-10/2017_rrf_rapport_evaluation_ex_post_PDRH_2007_2013_tome_1.pdf
https://www.reseaurural.fr/sites/default/files/documents/fichiers/2017-10/2017_rrf_rapport_evaluation_ex_post_PDRH_2007_2013_tome_1.pdf
https://www.reseaurural.fr/sites/default/files/documents/fichiers/2017-10/2017_rrf_rapport_evaluation_ex_post_PDRH_2007_2013_tome_1.pdf
https://www.mapa.gob.es/es/desarrollo-rural/temas/programas-ue/eval_ex_post_catalunya_vol_i_tcm30-380377.pdf
https://www.mapa.gob.es/es/desarrollo-rural/temas/programas-ue/eval_ex_post_catalunya_vol_i_tcm30-380377.pdf
https://www.ml.niedersachsen.de/download/121458/Expost-Bewertung_Agrarumweltmassnahmen.pdf
https://www.ml.niedersachsen.de/download/121458/Expost-Bewertung_Agrarumweltmassnahmen.pdf
https://www.ml.niedersachsen.de/download/121458/Expost-Bewertung_Agrarumweltmassnahmen.pdf
https://doi.org/10.1126/science.1259855
https://doi.org/10.1073/pnas.1116437108
https://doi.org/10.1073/pnas.1116437108

VORTKAMP and HILKER

People and Nature 1159

Waldron, A., Miller, D. C., Redding, D., Mooers, A, Kuhn, T. S., Nibbelink,
N., Roberts, J. T., Tobias, J. A., & Gittleman, J. L. (2017). Reductions
in global biodiversity loss predicted from conservation spending.
Nature, 551(7680), 364-367.

Willock, J., Deary, I. J., Edwards-Jones, G., Gibson, G. J., McGregor, M.
J., Sutherland, A., Dent, J. B., Morgan, O., & Grieve, R. (1999). The
role of attitudes and objectives in farmer decision making: Business
and environmentally-oriented behaviour in Scotland. Journal of
Agricultural Economics, 50(2), 286-303.

Willock, J., Deary, I. J., McGregor, M. M., Sutherland, A., Edwards-
Jones, G., Morgan, O., Dent, B., Grieve, R., Gibson, G., & Austin,
E.(1999). Farmers' attitudes, objectives, behaviors, and personality
traits: The Edinburgh study of decision making on farms. Journal of
Vocational Behavior, 54(1), 5-36.

Wilson, G. A, & Hart, K. (2001). Farmer participation in agri-
environmental schemes: Towards conservation-oriented thinking?
Sociologia Ruralis, 41(2), 254-274.

Wynne-Jones, S. (2013). Ecosystem service delivery in Wales: Evaluating
farmers' engagement and willingness to participate. Journal of
Environmental Policy & Planning, 15(4), 493-511.

Zenger, X., & Schober, J. (2018). AgrarumweltmaBnahmen in Bayern—
Analyse der Inanspruchnahme 2007-2017. https://www.Ifl.bayern.

de/mam/cms07/publikationen/daten/informationen/agrarumwel
tma%C3%9Fnahmen-bayern-inanspruchnahme-_2007-2017_Ifl-
information.pdf

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section.

Table S1. Parameter values for the economic model.

How to cite this article: Vortkamp, ., & Hilker, F. M. (2023).
Farmers' land-use decision-making: A dynamical modelling
approach that integrates qualitative knowledge about social
norms into a quantitative model. People and Nature, 5,
1147-1159. https://doi.org/10.1002/pan3.10480

85U801 7 SUOWILLIOD SAIIERID 8ol [dde ay) Aq peusenob 818 Saolle YO 8SN JO S9INJ 10} AReidT8UIIUQ AB]IA UO (SUOTHPUOD-PUE-SWLBIALI0D &3] 1M Afe.d 1 |Bul[Uo//Sdy) SUONIPUOD pue swie | 8y} 88S *[£202/80/€0] U0 Akeiqi8uliuo A8|IM ‘IBeISIBAIUN %0eNIdeusO AQ 080T €Ued/200T OT/I0p/wW0d" A3 1M AleIq 1 joul [0S feuIN0 saq)/:sdny Wolj pepeojumod ‘v ‘€202 ‘YTE8S.SE


https://www.lfl.bayern.de/mam/cms07/publikationen/daten/informationen/agrarumweltma%C3%9Fnahmen-bayern-inanspruchnahme-_2007-2017_lfl-information.pdf
https://www.lfl.bayern.de/mam/cms07/publikationen/daten/informationen/agrarumweltma%C3%9Fnahmen-bayern-inanspruchnahme-_2007-2017_lfl-information.pdf
https://www.lfl.bayern.de/mam/cms07/publikationen/daten/informationen/agrarumweltma%C3%9Fnahmen-bayern-inanspruchnahme-_2007-2017_lfl-information.pdf
https://www.lfl.bayern.de/mam/cms07/publikationen/daten/informationen/agrarumweltma%C3%9Fnahmen-bayern-inanspruchnahme-_2007-2017_lfl-information.pdf
https://doi.org/10.1002/pan3.10480

	Farmers' land-­use decision-­making: A dynamical modelling approach that integrates qualitative knowledge about social norms into a quantitative model
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Agri-­environment scheme participation in Europe
	2.2|Model
	2.2.1|Economic assumptions
	2.2.2|Descriptive norms
	2.2.3|Numerical simulations


	3|RESULTS
	3.1|Social norms influence agri-­environment scheme participation patterns
	3.2|Implications for modelling social norms
	3.2.1|Transient dynamics
	3.2.2|Long-­term participation


	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


