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Abstract
The environmental benefits from Payment for Environmental Service (PES) schemes can often be
enhanced if landowners can be induced to enrol land in a spatially-coordinated manner. This is because
the achievement of many targets for biodiversity conservation policy or water quality improvements are
increasing in the spatial connectedness of enrolled land. One incentive mechanism which has been
proposed by economists to achieve such connectedness is the Agglomeration Bonus (AB). There has also
been an interest within the literature on PES design in using “nudges” to enhance participation and scheme
performance. This paper explores whether a specific nudge in the form of information provided to
participants on the relative environmental performance of their group can improve participation and
spatial coordination, and enhance the AB performance. We design a laboratory experiment whereby the
environmental benefits generated by a PES scheme are materialized by real contributions to an
environmental charity, mirroring the situation in actual PES schemes where participants derive utility from
contributing to the environmental outputs of the scheme, in addition to the monetary payoffs they receive.
The experimental results confirm positive environmental outcomes derived under an AB, but the impact of
the nudge is less environmentally effective. Interestingly, we find that the nudge does not significantly
supercharge the AB, and can even worsen its performance.
Keywords: Social norms; Laboratory experiments; Coordination games; Agricultural policy;
Environmental performance; Agri-environmental schemes; Charity
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1. Introduction

Spatial coordination of land enrolment is often a key determinant of the effectiveness of Payment for
Environmental Services (PES) schemes when the provision of such services depends on the spatial
configuration of ecosystems or biodiversity (Goldman et al., 2007; Wünscher et al., 2008; Polasky et al.,
2014; Cong et al., 2014; Fooks et al., 2016). Examples of environmental objectives which favour spatial
coordination of participants include flood alleviation through wetlands enhancement, the creation of
wildlife corridors, and species re-introductions where the species in question requires a minimum area of
contiguous conservation land in which to survive. Parkhurst et al. (2002) propose the use of an
Agglomeration Bonus (AB) to tackle this spatial coordination problem. The principle of this mechanism is
that landholders get a payment for participating in the PES scheme, but which is topped-up with an
additional payment if the enrolled plot is contiguous to a plot enrolled by another landowner.
The AB scheme, typically tested in decontextualized conditions in the laboratory, has been shown
to have significant effects on spatial coordination. However, the implementation of such an incentive
structure creates a coordination game, which typically has multiple Nash equilibria that can be Paretoranked (Parkurst et al., 2002; Parkhurst and Shogren, 2007). Given the existence of multiple equilibria,
Banerjee et al. (2014) show in a laboratory experiment that providing players with information on their
neighbours’ land use choice can improve the efficiency of the AB for spatial coordination by directing
them towards a Pareto-improving equilibrium. A complementary study has shown that the performance of
the AB depends on the size of the network over which the coordination game is played out, the
transactions costs of participating in the scheme, and opportunities for communication between players
(Banerjee et al., 2017). Moreover, the performance of the AB has been found in some settings to decline
over time, in the sense that participants increasingly switch away from the Pareto-dominant equilibrium of
participation to the risk-dominant equilibrium of non-participation. This is a rather gloomy finding for the
potential of the AB to generate the kinds of spatial coordination over time desired by the policymaker.
The AB, as presented originally by Parkhurst et al. (2002), depends on landowners comparing the
financial payoffs from alternative actions to enrol or not enrol land, given their beliefs about the likely
actions of others. However, studies of what actually motivates farmers to participate in actual PES
schemes have found that such monetary payoffs are only part of the story: a relatively small but emerging
literature suggests a broader set of motivations of farmers participating in actual PES schemes, with
factors such as altruism, moral reputation or conforming to social norms being important (Michel-Guillou
and Moser, 2006; Sheeder and Lynne, 2011; Sorice et al., 2011; Banerjee and Shogren, 2012). Taking into
account such non-pecuniary motivations in the design of PES schemes, and in particular in the
implementation of the AB, could be a way of enhancing their performance. Indeed, the use of behavioural
incentives to increase participation and performance in environmental policy has also been the focus of a
growing literature in recent years.
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Behavioural incentives consist of any policy intervention which aims to change the behaviour of
economic agents (i.e., households, farmers) by changing the framing or informational context of economic
decisions, without changing the financial payoffs from alternative actions (Croson and Treich, 2014).
Examples of behavioural interventions include changing the default option, sending positive messages
about individual behaviour, and providing information on social norms. In this paper, we are particularly
interested in the last of these: social norms as “shared understandings of how individual members should
behave in a community” (Chen et al., 2009, p.11812). These encompass both what an individual
understands the actions of others in some relevant peer group to be, and what she believes is expected of
her by members of this group (Abbott et al., 2013). If individuals derive dis-utility from diverging from a
social norm, then providing information of this kind can be expected to change behaviour if the weight the
individual places on the opinions of others or her own selfish concern for social ranking is strong enough
(Czajkowski et al., 2015). For instance, Ferraro and Price (2013) evaluate the effects of social comparison
information on demand for water by residential customers in the U.S. They find that such information had
a bigger effect on consumption than simply asking people to reduce water use or telling them how to do
so, and that the effects of social comparison information was greatest for those consumers who had
relatively high water use. There are now many other examples of the effects of such nudges based on
social norms (Alcott, 2011). A summary of this evidence would be that (i) the effects of nudges tend to be
rather small, (ii) the effects may erode over time, and (iii) how the nudge is delivered tends to be
important.
In the context of PES schemes, analyses of social norm nudges are scarce. Chen et al. (2009) show
for the case of afforestation in China’s Wolong Nature Reserve that, alongside subsidising farmers for
participation, farmers’ decisions to re-enrol in the PES programme can be positively influenced by
information indicating that local neighbours also intend to re-enrol. Kuhfuss et al. (2016a) show that the
introduction of a payment conditioned to a minimum level of participation by neighbours significantly
increases farmers’ participation in an agri-environmental scheme. Further to this, Kuhfuss et al. (2016b)
find that providing information on what percentage of other farmers said they would carry on with “green”
farm practices after the end of a PES contract had a significant effect on the stated intentions of study
participants to behave likewise. These results suggest that some farmers value conforming to social norms
and are more likely to participate if they know that others will also participate.
In this paper, we evaluate the performance of the AB in a laboratory setting. We design a protocol
by introducing two aspects of farmers’ behaviours which are likely to impact the efficiency of the AB.
These are that (i) farmers’ motivations to participate in a PES can include non-pecuniary motivations, in
particular a concern to protect the environment; and (ii) some individuals are likely to be sensitive to the
provision of social norm information in deciding whether to enrol in an AB-type PES scheme. A
consequence for spatial coordination through the AB is that farmers might be more willing to cooperate (i)
if they know that spatial coordination has a higher real beneficial impact on the environment and (ii) if
they know that other farmers also participate and are able to coordinate. We build on Banerjee et al. (2012,
4

2014) by modifying the AB protocol to account for individuals’ environmental preferences, and
additionally test the effect of information on group performance in relation to spatial coordination.
In order to capture the effects of non-pecuniary motives on PES participation, some researchers
recreate pro-environmental behaviour through donations to environmental charities. For example, Clot et
al. (2016) use an adapted dictator game to mimic pro-environmental behaviours, where players are asked
how much of their endowment they are willing to give to an environmental charity. We make use of this
idea by implementing an experimental design whereby players’ choices of opting into the PES scheme
generate a real monetary donation paid by the experimenters to an environmental charity of the player’s
individual choice. Introducing some level of context around the charity donation in the AB coordination
game is likely to reflect individuals’ preferences in the environmental domain. For instance, in a
laboratory experiment, Dubois et al. (2015) show that introducing context in a repeated coordination game
(stag hunt game), stating that “X (or Y) has a positive (or negative) impact on the environment”, is
sufficient to change individual choices during the game. We interpret the size of donations as the change
in the supply of an environmental public good from which individuals may derive direct utility, in addition
to the monetary payoffs from their choices.
Using this donation mechanism also provides a means of generating a social norm toward the
environment within the laboratory. As subjects play within groups of “networked farmers,” ranking the
donation of each group relative to the donations of other groups gives information about a social norm.
Ranking, which introduces competition between groups, has already been employed in public good games
to reduce free riding issues (Gunnthorsdottir and Rapoport, 2006; Tan and Bolle, 2007) and in
coordination games as a way to address the issue of coordination failure (Bornstein et al., 2002;
Riechmann and Weimann, 2008). Bornstein et al. (2002) introduce inter-group competition in a
coordination game and show that ranking increases coordination only if it has payoff consequences (in
their case, only the winning group was paid or the winning group received a bonus). However, Tan and
Bolle (2007) show that introducing information on group ranking without monetary incentives in the
context of a public goods game was enough to reduce free riding.
In summary, our paper tests three research questions. First, what is the performance of the AB when
environmental benefits generated by a PES scheme, and thus non-pecuniary benefits to participants, are
generated in the laboratory by real contributions to environmental charities? Second, can a nudge be as
efficient as a financial incentive (such as the AB) to foster participation and spatial coordination? Third,
can the use of a nudge based on group comparison “supercharge” the effects of an AB both in terms of
participation and spatial coordination?
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2. Modelling Framework
Consider a finite number of farmers 𝑖 = 1, … , 𝑁 who can manage their land in two alternative and
mutually-exclusive ways, labelled 𝑋, 𝑌. Land management option 𝑋 refers to a pro-environmental or
conservation land management adopted under a PES, whilst 𝑌 indicates that the land is managed for
conventional agricultural production. Following previous studies (e.g., Banerjee et al., 2012, 2014), we
assume that land use option 𝑌 generates lower environmental benefits but greater revenue compared to
land use 𝑋., i.e., 𝑟(𝑋) < 𝑟(𝑌). To keep the payoff structure simple and transparent, we normalize the fixed
participation payment for enrolling in the PES scheme to zero, although the revenue under land used for
conservation purposes, 𝑟(𝑋), could include such a component.
Farmers’ participation in a PES scheme usually generates environmental benefits, 𝑒, which is
considered a public good or a positive externality (e.g., improved biodiversity or better flood protection),
from which the landowner might benefit, but which mainly generates benefits to the wider society at a
larger spatial scale. This last point is crucial as, contrary to previous papers on the AB, we do not assume
here that “landowners receive the full social benefits generated by their pro-environmental land-use
activities” (Banerjee et al., 2014, p.1013). The production of the environmental benefit is conditioned to
spatial coordination on the adoption of pro-environmental land management, 𝑋. To emphasize the
importance of spatial coordination, we assume that the environmental benefit is only produced if at least
one of a farmer’s direct neighbours also adopts the conservation land management practice 𝑋. Let 𝑛𝑖 be
the number of direct neighbours of farmer 𝑖 who choose 𝑋, and assume that the aggregate environmental
benefit generated by farmer 𝑖 choosing 𝑋 is proportional to the number of direct neighbours and equal to
𝑒𝑛𝑖 .
To facilitate an effective delivery of environmental benefits, and as long as the environmental
benefit generated outweighs the loss of agricultural revenue (𝑒 > 𝑟(𝑌) − 𝑟(𝑋)), it is the policymaker’s
objective to foster contiguous adoption of land use 𝑋 in order to maximize social welfare. To this end, the
policymaker can individually incentivize two neighbouring farmers with an agglomeration bonus only if
both farmers manage to coordinate on 𝑋. With 𝑛𝑖 neighbours, farmer 𝑖 choosing 𝑋 will receive a bonus
𝑏𝑛𝑖 . That is, the bonus paid and received is proportional to the environmental benefits generated through
land management choices. In view of this setup, assuming to begin with that farmers only consider the
monetary payment (agricultural revenue plus bonus payment) and do not take into account how their land
use strategy impacts on the generation of environmental benefits, the monetary payoff 𝑝𝑖 (𝜎𝑖 ) of farmer
𝑖 = 1, … , 𝑁 that adopts land use strategy 𝜎𝑖 = 𝑋, 𝑌 reads as follows:
(1)

𝑝𝑖 (𝜎𝑖 ) = 𝑟(𝜎𝑖 ) + 𝑏(𝜎𝑖 )𝑛𝑖

with 𝑏(𝑋) = 𝑏 > 0, 𝑏(𝑌) = 0 and 𝑛𝑖 the number of direct neighbours of farmer 𝑖 choosing 𝑋.
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As noted before, farmers may not only consider monetary revenues when choosing how to manage
their land. Indeed, they may not only consider their financial gains following the payoff function
specification in Eq. (1), but may also feel concerned about the impact of their practices on the
environment. Farmers may display altruistic preferences towards environmental conservation and may
therefore value the environmental benefit generated by choosing a pro-environmental land management in
coordination with their neighbours, even though they do not derive financial gains from it directly. Of
course, farmers are typically heterogeneous in their preferences for the environment and/or their altruism
(reflected by parameter 𝑎𝑖 in Eq. (2)), but we assume that this non-monetary utility term is proportional to
the environmental benefit they generate with their choice of 𝑋 and therefore depends on their neighbours’
choices. This is in line with a recent empirical study by Lawley and Yang (2015) who investigate the
spatial interactions among neighbouring landowners in the context of conservation easements in Canada.
One step further is to consider that farmers may also derive utility from choosing 𝑋 independently of the
choice of their neighbours, a “warm glow” effect (Andreoni, 1989, 1990) (reflected by parameter 𝑤𝑖 in
Eq. (2)), even though no significant environmental benefit is produced. Indeed, what might be important
to farmers is to do their best in choosing 𝑋 for their self-esteem and/or to signal they are “responsible
citizens,” and maybe to induce others to choose 𝑋 as well. Taking into account these two non-monetary
components, Eq. (1) can be expressed as utility function:
(2)

𝑈𝑖 (𝜎𝑖 ) = 𝑟(𝜎𝑖 ) + 𝑏(𝜎𝑖 )𝑛𝑖 + 𝑎𝑖 𝑒(𝜎𝑖 )𝑛𝑖 + 𝑤𝑖 (𝜎𝑖 )

with 𝑒(𝑋) = 𝑒 > 0, 𝑒(𝑌) = 0, 𝑤𝑖 (𝑋) ≥ 0 and 𝑤𝑖 (𝑌) = 0.1
In the absence of an AB scheme, and when the only argument of farmers’ utility is revenue, the
unique Nash equilibrium is that all farmers choose 𝑌, since 𝑟(𝑋) < 𝑟(𝑌). However, in the case of farmers’
utility function (2), thereby bringing in environmental and altruistic preferences, some farmers might
prefer to choose 𝑋 over 𝑌, even without the offer of an AB. Depending on the value of the behavioural
parameters, this represents a situation where multiple Nash equilibria exist. If the AB is introduced and is
sufficiently large (𝑏 ≥

𝑟(𝑌)−𝑟(𝑋)
𝑁

), then there are two Nash equilibria: one in which all the farmers choose

𝑋 (the Pareto dominant equilibrium) and one with all farmers choosing 𝑌 (the risk dominant equilibrium).
This situation constitutes a coordination problem.
As stated in the introductory section, one of the objectives of this paper is to test the impact of
information about a social norm on farmers’ behaviour. We speculate whether a nudge, based on social
comparison information, may induce more farmers to coordinate on the Pareto dominant Nash
equilibrium, 𝑋. Contrary to an AB, however, a nudge does not change farmers’ monetary payoffs but it
can impact farmers’ utility if they are sensitive to social comparisons. We propose a comparative nudge
which consists of ranking farmers’ networks according to the level of environmental benefits they
1

Note that this utility function does not include the aggregate level of the environment; we are only interested in the
difference 𝑈𝑖 (𝑌) − 𝑈𝑖 (𝑋).
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generate as a group. This nudge should inform farmers on how their group performs compared to other
groups of farmers, thus providing information about a descriptive norm (i.e., what most people do)2 and
additionally inducing some inter-group competition that could encourage the choice of 𝑋. This ranking
also provides indirect information about the injunctive norm, i.e., the “perception of what most people
approve or disapprove of” (Cialdini et al., 1991) since subjects get a congratulation message when their
group is ranked first.
We hypothesise that belonging to a group which is ranked higher in terms of environmental benefits
provided increases farmers’ utility, because they perceive themselves and the group as being aligned with
social norms and performing better in favour of the environmental good. We adjust the utility function Eq.
(2) as follows:
(3)

𝑈𝑖 (𝜎𝑖 ) = 𝑟(𝜎𝑖 ) + 𝑏(𝜎𝑖 )𝑛𝑖 + 𝑎𝑖 𝑒(𝜎𝑖 )𝑛𝑖 + 𝑤𝑖 (𝜎𝑖 ) + 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝜎𝑖 |𝜎𝑗 , 𝑗 ∈ {1, … , 𝑁}, 𝑗 ≠ 𝑖)),

where 𝑓𝑖 (𝑟𝑎𝑛𝑘 = 1𝑠𝑡 ) ≥ 𝑓𝑖 (𝑟𝑎𝑛𝑘 = 2𝑛𝑑 ) ≥ 𝑓𝑖 (𝑟𝑎𝑛𝑘 = 3𝑟𝑑 ), as subjects are assumed to value social
reward.
We can hypothesise that the choice of 𝑋 increases the chances of creating more environmental
benefits within a group, hence increases the probability of achieving a higher rank in the inter-group
competition. Equation (3) shows that when farmers display pro-environmental social behaviour, then some
might prefer to choose 𝑋 over 𝑌, even without the AB, either to satisfy their environmental preferences, as
a warm glow effect, or to enter the inter-group competition. Under such circumstances multiple Nash
equilibria may exist, depending on the value of the behavioural parameters.

3. Experimental Design and Hypotheses
3.1. General Settings
Modelling the spatial connectivity between farmers requires the imposition of a spatial structure on
subjects in a laboratory setting. In this respect, we follow the network structure used by Banerjee et al.
(2012, 2014, 2017), where subjects are arranged on a circular network of fixed size. The main advantage
of utilising a circular network configuration is its symmetry, with each subject having a similar number of
direct neighbours (i.e., one on the left-hand side and one on the right-hand side). Given a circular network
setting, a subject’s number of direct neighbours (𝑛𝑖 ) choosing 𝑋 can either be 0, 1 or 2. Note, however,
that a subject is indirectly linked to all other subjects on the network through their direct neighbours. The
direct and indirect linkages between subjects across space are essential in order to capture the
environmental benefits through agglomeration. Moreover, the advantage of employing a fixed and
symmetric network structure ensures that the decision problems faced by all subjects are identical given
that they all face the same degree of strategic uncertainty (Alós-Ferrer and Weidenholzer, 2008). A farmer
2

Note that another descriptive norm is conveyed by providing information on what others within a group do, in
particular neighbouring farmers. We will discuss this in Section 4.3.
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may know what land management actions his direct neighbouring farmer is pursuing but may not fully
know the decisions of the indirect neighbouring farmers, i.e., the social interactions among more distant
neighbours on the network tend to be weaker (e.g., Lawley and Yang, 2015). As a consequence, a
symmetric network structure of a given size allows us to identity the impact of a nudge on spatial
coordination and hence the environmental benefits without having to worry about confounding factors,
such as subjects being able to extract rents because of their specific position on the network3. Therefore, in
this experiment, under each treatment, subjects are placed around a circular network in groups of 6 (𝑁 =
6). In addition, each session includes 3 groups of 6 subjects. Each subject was asked to choose between
action 𝑋 or 𝑌.
To recreate the environmental benefits of farming practices in the laboratory with non-farmer
participants, we told subjects that the choices they would make during the experimental session can
generate a donation to an environmental charity4. The environmental charity implements actions from
which subjects can benefit, but which mainly generate a benefit to the wider society, just as environmental
efforts of farmers are beneficial to them and their family, but also to other citizens. In this setup, subjects
who want to behave pro-environmentally will choose 𝑋 at the cost of a lower individual monetary payoff,
just like some farmers decide to participate in a PES scheme driven by non-pecuniary motivations.
Following our theoretical model as outlined in the previous section, the level of the donation
depends on the number of a subject’s direct neighbours choosing 𝑋, given that the subject chooses 𝑋.
Subjects did not benefit from the donation directly. The donation generated by a subject was placed in an
envelope (see Figure 1) at the end of each session in the presence of the subject. The experimenters
subsequently sent the total amount of donations to the corresponding charities, and transferred to the
subjects a confirmation of their donations by e-mail. Apart from using specifically-designated
environmental charities, the rest of the experiment was decontextualized in order to purely consider how
financial incentives and nudges affect the choices and outcomes in the experiment (Cason and Raymond,
2011). However, we decided to explicitly mention that the charities were environmental charities as we
wished to capture subjects’ preferences for the environment.

3

For instance, a linear network is a spatial structure exhibiting more asymmetry where farmers located centrally may
have a more favourable position for rent extraction.
4
After reading the instructions and before the start of the experiment, subjects had to choose one charity to which
their donation would be sent. The choice included one international charity (World Wildlife Fund), two French
national charities (France Nature Environnement; Fondation Nicolas-Hulot pour la nature et l’homme), and one local
charity (Ouvre-Tête).
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Figure 1: Envelopes used for cash donations to the distinguished charities

A total of 16 sessions with 18 subjects each were run between April and September 2016 at the
LEEM (Economic Experimental Laboratory of Montpellier) in France. We aimed at obtaining 6
independent observations for each treatment. In treatments T0 and T1 with no nudge, an independent
observation is obtained at the group level (6 subjects). In the nudge treatments T2 and T3, the choices that
subjects make are dependent on the performance of other groups in the session, since information on the
performance of the other 2 groups present during the session is provided. Hence, only one independent
observation is obtained in a session. Therefore, we had 6 groups participating in treatment T0 and T1, and
6 sessions of 3 groups in treatment T2 and T3 (see Table 1).

Table 1: Number of sessions, groups and subjects per treatment
Treatment
T0
T1
T2
T3

Number of participants
2 sessions, 3 groups of 6 subjects each = 36 participants
2 sessions, 3 groups of 6 subjects each = 36 participants
6 sessions, 3 groups of 6 subjects each = 108 participants
6 sessions, 3 groups of 6 subjects each = 108 participants
Total 16 sessions, 288 participants, 6 independent
observations per treatment
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Each session was composed of 15 periods where players were repeating the same choice under the
same treatment within the same group and were keeping the same neighbours (partner design). After each
period, each player was informed of their own monetary payoff, the donation generated given their choice
of land use strategy, and the choices of their two direct neighbours. No communication was allowed
within groups or between groups. At the end of a session, 3 periods were randomly selected and subjects
were paid their average payoff for these 3 periods. The actual donation made to the charity was the
average donation generated in these 3 periods.
In view of our treatments, we implemented a two-by-two design as shown in Table 2 below. We
next outline each treatment in more detail by providing the underlying payoff tables and by deriving
hypotheses. This is based on the numerical implementation using parameter values reported in Table 3.

Table 2: Treatments
Nudge

NO

YES

T0
T1

T2
T3

Agglomeration bonus

NO
YES

Table 3: Parameter values
Parameters
Revenue (𝑟)
Agglomeration bonus (𝑏)
Donation (𝑑)

11

𝑋
€7
€3
€8

𝑌
€13
€0
€0

3.2. Treatments and Hypotheses

Control Treatment (T0)
In the control treatment, subjects can choose 𝑋 and receive a revenue of 𝑟(𝑋) = 7, or they can choose 𝑌
and receive a higher revenue equal to 𝑟(𝑌) = 13. When choosing 𝑋, they can generate a donation 𝑑(𝑋) =
8 if one of their neighbours also chooses 𝑋, or 2𝑑(𝑋) = 16 if both neighbours choose 𝑋. The payoffs for
the control treatment are shown in Table 4.

Table 4: Payoffs control treatment (T0) and nudge-only treatment (T2)
Both choose 𝑋

𝑋
Your choice
𝑌

Your Direct Neighbours’ Choices
One chooses 𝑋, the
Both choose 𝑌
other chooses 𝑌

Your payoff: €7

Your payoff: €7

Donation generated: €16

Donation generated: €8

Your payoff: €13

Your payoff: €13

Your payoff: €7

Your payoff: €13

As discussed in the previous section, if subjects’ utility functions do not include any pro-social or
pro-environmental component (𝑎𝑖 = 𝑤𝑖 = 0 for all i) then the unique Nash equilibrium is reached with all
subjects choosing 𝑌 (Hypothesis 0A). However, if the value that subjects gain from the behavioural
components 𝑎𝑖 and 𝑤𝑖 as described in Eq. (2) is greater than the difference of revenue between Y and X,
then multiple Nash equilibria can exist, with 𝑌 remaining the risk dominant equilibrium. Therefore, we
anticipate some participation since the donation may trigger altruistic behaviours (encapsulated in
parameter 𝑎𝑖 ) or/and warm glow feelings (reflected through parameter 𝑤𝑖 ). We hypothesize that a majority
of subjects under T0 will choose 𝑌 and that few subjects displaying a high 𝑎𝑖 and 𝑤𝑖 may choose 𝑋
(Hypothesis 0B).

Hypothesis 0A: ∀𝑖 ∈ {1, … , 𝑁}, 𝑎𝑖 𝑒(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) < 𝑟(𝑌) − 𝑟(𝑋), therefore ∀𝑖 ∈ {1, … , 𝑁}, 𝜎𝑖 = 𝑌 and
all subjects choosing 𝑌 is the unique Nash equilibrium.
Hypothesis 0B: ∃𝑖 ∈ {1, … , 𝑁}|𝑎𝑖 𝑒(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) ≥ 𝑟(𝑌) − 𝑟(𝑋), therefore ∃𝑖 ∈ {1, … , 𝑁}|𝜎𝑖 = 𝑋 and
multiple Nash equilibria exist, all subjects choosing 𝑌 being the risk dominant equilibrium.
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Agglomeration Bonus Treatment (T1)
In this treatment we implicitly introduce the AB by increasing the monetary payoff of choosing 𝑋 when
neighbours choose 𝑋 as well. If only one neighbour chooses 𝑋, the subject receives 𝑟(𝑋) + 𝑏 = 7 + 3 =
10; when 2 neighbours choose 𝑋, the subject receives twice the AB payment, 𝑟(𝑋) + 2𝑏 = 7 + 6 = 13; if

none of a subject’s neighbours choose 𝑋, then no AB is received and the monetary payoff is only 𝑟(𝑋) =
7, as in the control treatment. Table 5 summarizes the payoffs for this treatment.

Table 5: Payoffs AB treatment (T1) and AB plus nudge treatment (T3)
Both choose 𝑋

𝑋
Your choice
𝑌

Your Direct Neighbours’ Choices
One chooses 𝑋, the
Both choose 𝑌
other chooses 𝑌

Your payoff: €13

Your payoff: €10

Donation generated: €16

Donation generated: €8

Your payoff: €13

Your payoff: €13

Your payoff: €7

Your payoff: €13

We adjust the rate of the AB so that the individual monetary payoff of strategy 𝑋, when the two
neighbours choose 𝑋, matches the payoff of strategy 𝑌. In the absence of any pro-social or proenvironmental behaviour (𝑎𝑖 = 𝑤𝑖 = 0), there are two Nash equilibria of equal payoffs: one where all
subjects choose 𝑋 and one where all subjects choose 𝑌 (Hypothesis 1A). However, if at least one player
displays a strictly positive 𝑎𝑖 or 𝑤𝑖 , then multiple Nash equilibria exist (Hypothesis 1B). Subjects with
relatively low (but positive) values for the behavioural components (e.g., 0 < 𝑎𝑖 𝑒(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) < 𝑟(𝑌) −
𝑟(𝑋)) who would have chosen 𝑌 under T0 might therefore be induced to switch to 𝑋 (Hypothesis 1).

Hypothesis 1A: ∀𝑖 ∈ {1, … , 𝑁}, 𝑎𝑖 𝑒(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) = 0, therefore two Nash equilibria with equal
payoffs exist: one where all subjects choose 𝑋 and one where all subjects choose 𝑌, the latter being
the risk dominant equilibrium.
Hypothesis 1B: ∃𝑖 ∈ {1, … , 𝑁}|𝑎𝑖 𝑒(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) > 0, therefore 𝑈(𝑋|𝑛𝑖 = 2) > 𝑈(𝑌) and multiple
Nash equilibria exist: all subjects choosing X becoming the Pareto dominant equilibrium while all
subjects choosing 𝑌 remains the risk dominant equilibrium.
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Nudge Treatment (T2)
This treatment is similar to the control treatment (T0) in terms of payoffs (see Table 4), but now subjects
are “nudged,” which in this case consists of a group comparison nudge. Before the start of the first period,
subjects are told in the experiment instructions5 that after each period each subject will be informed of the
ranking of their group in terms of total donations to the environmental charities compared to the two other
groups in the room (Figure 2). The group who generated the highest donation during a period received the
following message at the end of that period: “Well done, your group is ranked first in terms of donations.”
This includes an injunctive norm (judgment of “well done”) as well as a comparison to the other groups.
The second (third) group received the message: “Your group is ranked second (third) in terms of
donations.” In case two groups generated the same level of donations during a period, then they were
ranked according to the number of subjects that chose 𝑋, where the group with the highest number of
subjects choosing 𝑋 obtained the higher ranking accordingly.6 With the introduction of the nudge in T2,
and if ∃𝑖 ∈ {1, … , 𝑁}|𝑎𝑖 𝑒(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) + 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝑋)) − 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝑌)) ≥ 𝑟(𝑌) − 𝑟(𝑋), then multiple Nash
equilibria exist, with all subjects choosing 𝑌 being the risk dominant equilibrium.

Period
1

Group
ranking

Period
2

Group
ranking

Period
…

Group
ranking

Period
14

Group
ranking

Period
15

Group
ranking

Figure 2: Succession of periods in the nudge treatment

Nudge plus Agglomeration Bonus Treatment (T3)
In treatment T3, the payoffs are the same as in treatment T1 (see Table 5), but additionally subjects are
nudged in the same way as in treatment T2. In this treatment, multiple Nash equilibria exist if ∃𝑖 ∈
{1, … , 𝑁}|𝑎𝑖 𝑒(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) + 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝑋)) − 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝑌)) > 0, with all subjects choosing 𝑋 being the

Pareto dominant equilibrium an all subjects choosing 𝑌 being the risk dominant equilibrium.
For these last two treatments, we hypothesize that if subjects are sensitive to the announced ranking
and reward message, and believe that by choosing 𝑋 rather than 𝑌, they can increase the ranking of their
group in treatments with nudge (T2 and T3) compared to their respective control treatment without nudge
(T0 and T1, respectively), therefore leading to higher numbers of subjects coordinating on 𝑋. This is
5

The experiment instructions can be found in the Appendix.
When groups could not be discriminated based on their donations or the number of subjects choosing 𝑋, then they
were considered equal and given the same ranking. In this case, they were ranked first if the third group was worse
off, or third if the third group was better. When the three groups in a session were equal, they were all ranked first if
they had all chosen 𝑋 (to “reward” pro-environmental behaviour), but third if at least one subject in each group had
chosen 𝑌.
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reflected in Hypotheses 2A and 2B below. Additionally, by comparing T1 to T2 we can assess the
performance of the AB relative to the nudge alone. The nudge, being based on non-monetary incentives,
might be less effective than the AB in inducing spatial cooperation if subjects are more responsive to
monetary incentives compared to ranking. Alternatively, if some subjects are more responsive to the
ranking than to the AB, then the nudge might perform relatively better.

Hypothesis 2A: ∀𝑖 ∈ {1, … , 𝑁}, 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝜎𝑖 = 𝑋|𝜎𝑗 , 𝑗 ∈ {1, … , 𝑁}, 𝑗 ≠ 𝑖))) − 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝜎𝑖 = 𝑌|𝜎𝑗 , 𝑗 ∈
{1, … , 𝑁}, 𝑗 ≠ 𝑖))) ≤ 0, therefore an equal number or fewer subjects will be willing to coordinate on 𝑋

in T2 (T3) than in T0 (T1), since choosing 𝑋 would require higher values of 𝑎𝑖 and 𝜔𝑖 in T2 (T3)
compared to T0 (T1).
Hypothesis 2B: ∃𝑖 ∈ {1, … , 𝑁}|𝑓𝑖 (𝑟𝑎𝑛𝑘(𝜎𝑖 = 𝑋|𝜎𝑗 , 𝑗 ∈ {1, … , 𝑁}, 𝑗 ≠ 𝑖))) − 𝑓𝑖 (𝑟𝑎𝑛𝑘(𝜎𝑖 = 𝑌|𝜎𝑗 , 𝑗 ∈
{1, … , 𝑁}, 𝑗 ≠ 𝑖))) > 0, therefore more subjects will be willing to coordinate on 𝑋 in T2 (T3) than in

T0 (T1), since subjects in T2 (T3) with lower 𝑎𝑖 and 𝜔𝑖 than in T0 (T1) will choose 𝑋 rather than 𝑌.

4. Results
4.1. Effect of Treatments on Participation and Spatial Coordination at Group Level
Let us first look at the effect of the various treatments on participation, reflected by the number of subjects
choosing 𝑋. Correspondingly, we can also look at the degree of spatial coordination on 𝑋, reflected by the
level of environmental benefits produced at the group level through the lens of the total amount of
donations. As predicted, the control treatment T0 displays the lowest levels of participation, which ranges
from 15 to 40 percent (Figure 3). Since choosing 𝑋 leads to lower individual payoffs, this result clearly
indicates that a share of subjects do value the potential donation to an environmental charity (high 𝑎𝑖 )
and/or the warm glow feelings associated with choosing to play 𝑋 (high 𝑤𝑖 ), rejecting Hypothesis 0A in
favour of Hypothesis 0B. However, the proportion of subjects choosing 𝑋 decreases over time with groups
converging to the risk dominant equilibrium. This picture also emerges when we consider spatial
coordination (Figure 4), as the level of coordination quickly declines toward zero in the control groups
(T0). This indicates that the choice of X is mainly led by environmental preferences (reflected by 𝑎𝑖 ),
which relies on coordination rather than by warm glow effects (reflected by 𝑤𝑖 ). Indeed, the subject
displaying a strictly positive 𝑤𝑖 derives additional utility from choosing 𝑋, no matter what the
environmental outcome might be. There is, therefore, no reason why this warm glow should fade away
over time. In contrast, the environmental/altruistic component of the utility depends also on the choices
made by neighbours. If they repeatedly choose 𝑌, then the environmental benefit is not created and
choosing land use strategy 𝑋 becomes less attractive.
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Figure 3: Average proportion of players choosing X by period and treatment

Figure 4: Average individual donation by period and treatment
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Comparing T0 and T1 reveals that the AB increases participation (Figure 3) and enhances
coordination (Figure 4). This effect is statistically significant (see Table 6). This result accords with
findings in previous experimental papers, either in different settings (Parkhurst et al., 2002) or with similar
protocols (Banerjee et al., 2014). However, our results tend to show a more robust effect since, as
emphasized before, the rate of the AB was set so as to match the payoff of strategy 𝑋 (when the two
neighbours also choose 𝑋) with the payoff of strategy 𝑌. In our setting, the choice of X is therefore
motivated by environmental preferences (𝑎𝑖 ), as no increase in individual financial payoffs can be
expected from choosing 𝑋, but the AB incentivizes subjects with relatively lower values of 𝑎𝑖 and 𝜔𝑖 to
choose 𝑋 (such as 0 < 𝑎𝑖 𝐸(𝑋)𝑛𝑖 + 𝜔𝑖 (𝑋) < 𝑟(𝑌) − 𝑟(𝑋)).7 The AB and donations induce subjects to
coordinate on the Pareto optimal Nash equilibrium instead of selecting the risk dominant Nash
equilibrium. Additionally, by triggering subjects’ extrinsic and intrinsic motivations to choose 𝑋 (through
the AB and through the use of a real donation to charities, respectively), we obtain higher levels of
participation and coordination, and a comparatively smaller decline in these rates compared with previous
experiments (e.g., Banerjee et al., 2014).
The introduction of inter-group competition via the nudge (T2 versus T0) seems to slightly improve
the situation for both participation and spatial coordination. However, Mann-Whitney tests, comparing the
average proportion of subjects choosing 𝑋 and the average donation generated by subjects in both
treatments, show that these differences between T2 and T0 are not significantly different from zero (see
Table 6). This suggests that the ranking component of the hypothesized subject’s utility function has little
average effect on choices, providing little support to Hypothesis 2B. Despite this non-significant average
effect, however, we see that the nudge has a significant but small impact on participation and coordination
for some of the periods, including the first. This is encouraging, as it means that some improvement in
coordination could be obtained at low cost by simply signalling relative group performance.
When comparing T1 and T2, we find a superior and statistically significant effect of the AB over
the nudge. What is more surprising is the comparison of T1 versus T3. We speculated in Hypothesis 2B
that a nudge would “supercharge” the positive effect of the AB on both participation and spatial
coordination, by providing a positive feedback to groups with the highest donations (and thus the highest
level of environmental outputs). In fact, the analysis of pooled data suggests that the nudge combined with
the AB has a slightly negative effect, although it is not statistically significant (see Table 6), refuting
Hypothesis 2B. The reason why the nudge could reduce the positive effect of the AB, thus revealing an
unexpected negative synergy, will be investigated in more detail in Section 4.3.

7

Since we find evidence from the control treatment T0 that some subjects exhibit environmental preferences (high
values of 𝛼𝑖 ) then Hypothesis 1A is automatically rejected. The higher choice of 𝑋 in T1 compared to T0 can be
explained by the wider range of possible values for 𝛼𝑖 and 𝜔𝑖 in Hypothesis 1B compared to Hypothesis 0B.
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Table 6: Results - treatment effects

Variable
Number of
independent
observations
Choice of 𝑋
(proportion)
Donation
(€/subject)
Efficiency

T0:
control

Mean Value
(Standard Deviation)
T1:
T2:
T3:
AB
Nudge AB+Nudge

6

6

6

6

0.21
(0.10)
0.80
(0.89)
0.19

0.76
(0.29)
10.76
(5.83)
0.71

0.30
(0.14)
2.07
(1.57)
0.25

0.70
(0.19)
9.56
(4.07)
0.65

***

Mann-Whitney test results:
Prob > |z|
T0vsT1

T0vsT2

T1vsT2

T1vsT3

0.006***

0.262

0.016**

0.423

0.007***

0.150

0.016**

0.631

0.007***

0.078*

0.016**

0.631

**

H0 rejected with 99% confidence level,
H0 rejected with 95% confidence level,
confidence level, H0 is the hypothesis that both mean values are equal.

*

H0 rejected with 90%

4.2. Efficiency Analysis
Let us next define a variable representing a group’s net benefits, denoted 𝑔𝑟𝑜𝑢𝑝𝐵, reflecting the total
benefits produced at the group level (comprising both individual payoffs and donations) net of the
budgetary costs linked to AB payments. From a policymaker’s perspective this variable embodies the total
benefits produced (agricultural production value and environmental benefits) from which we deduce the
public spending (AB payments). This can be used as a proxy for net social welfare at the group level:
𝑔𝑟𝑜𝑢𝑝𝐵 = ∑𝑖 (𝑟𝑖 + 𝑑𝑛𝑖 − 𝑏𝑛𝑖 ) with 𝑖 members of the group.

We can analyse the efficiency of a treatment as its capacity to induce spatial coordination and to
generate the greatest net benefit at the group level. Under all treatments, the maximum net benefit can be
obtained when all subjects coordinate on 𝑋 without any public subsidy. Numerically this amounts to
𝑔𝑟𝑜𝑢𝑝𝐵𝑚𝑎𝑥 = 6 × (13 + 16 − 6) = 138. Conversely, the minimum net benefit that can be produced is

reached when there is no spatial coordination, implying no neighbours coordinate to choose the same land
use strategy.8 In this case the group net benefit is: 𝑔𝑟𝑜𝑢𝑝𝐵𝑚𝑖𝑛 = (3 × 7) + (3 × 13) = 60. We can
subsequently define the standardized average efficiency of a treatment as follows:

(4)

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = 𝑛

1
𝑔𝑟𝑜𝑢𝑝𝑠

∑𝑔𝑟𝑜𝑢𝑝𝑠

𝑔𝑟𝑜𝑢𝑝𝐵−𝑔𝑟𝑜𝑢𝑝𝐵𝑚𝑖𝑛
𝑔𝑟𝑜𝑢𝑝𝐵𝑚𝑎𝑥 −𝑔𝑟𝑜𝑢𝑝𝐵𝑚𝑖𝑛

∈ [0, 1].

A treatment is fully efficient if efficiency = 1, meaning that the groups under this treatment generated the
maximum net benefit. It is fully inefficient if efficiency = 0, meaning that all the groups in this treatment
generated the minimum net benefits possible, i.e., reached the minimum level of coordination.
A comparison of the treatments’ relative efficiency brings an additional perspective to the results.
Figure 5 shows that the AB increases the efficiency score from 0.19 in the absence of incentives (T0) to
8

On a circular network comprising 6 subjects, this case represents an alternating pattern of choices at the group level
(i.e., X-Y-X-Y-X-Y).
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0.71 (T1). We also observe that the AB yields greater efficiency than the nudge only, despite its cost.
Group efficiency is also significantly improved (see last row in Table 6 by the introduction of a nudge
only (T2) compared to the control treatment (T0). This is due to the fact that the nudge, even if its effect is
small, bears no budgetary costs. The efficiency comparison between T1 and T3 does not display a
significant difference.

Figure 5: Average efficiency by period and treatment

4.3. Analysis of Individual Strategies
In order to analyse how treatments impact individual decisions, we use random effects probit regressions
(Banerjee et al., 2012, 2014). We estimate the treatment effect ∆𝑇 in:
(5)

𝜎𝑖𝑡∗ = 𝛼 + ∆𝑇 + 𝜃𝑛𝑖𝑡−1 + 𝛾𝑡 + 𝑢𝑖 + 𝜀𝑖𝑡

with 𝜎𝑖𝑡 = 𝑋 if 𝜎𝑖𝑡∗ > 0, and 𝜎𝑖𝑡 = 𝑌 if 𝜎𝑖𝑡∗ ≤ 0. The probability that subject i chooses action 𝑋 in period t
depends on treatment 𝑇, period 𝑡, and neighbours’ choices in the previous period, 𝑛𝑖𝑡−1. Further, 𝛼 is a
constant, 𝛾 is a parameter to be estimated, 𝑢𝑖 are individual random effects and 𝜀𝑖𝑡 is the error term.
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Table 7: Effect of treatments on individual choices of X (random effects probit model)
Treatment T1
AB
2.724***
0.490***
-0.063**
-1.169**

Treatment T2
Nudge
0.287
0.317**
-0.053***
-1.036***

Treatment T3
AB + Nudge
1.963***
0.966***
-0.070***
-1.434***

Variable
𝑇 (ref T0)
𝑛𝑖𝑡−1
𝑡
_cons
Statistics
N
1008
2016
2016
ll
-323.92
-831.43
-584.695
aic
657.84
1672.87
1179.39
*
**
***
p<0.1; p<.05; p<.01; Standard errors clustered by independent observation.

The analysis at the individual subject level confirms the results already suggested by the descriptive
statistics of outcomes (Table 7). The AB (Treatments T1 and T3) significantly increases subjects’
probability to choose strategy 𝑋, whereas the nudge alone (T2) has no real effect. Subjects’ choices of 𝑋
are also significantly and positively related to their direct neighbours’ choice of 𝑋 in the previous period;
this holds for all treatments. With successive rounds, the tendency to choose 𝑋 declines over time, as
shown by negative value of the coefficient t.
Since we have similar models, we can use the value of estimated parameters to compare the
intensity of effects across treatments. We can make the following three observations:
1) The positive and significant effect of the AB on participation appears to be stronger under AB
(T1) than when the nudge and AB are combined (T3);
2) The positive and significant effect of participation by neighbours in the previous period appears to
be the strongest when both nudge and AB are activated simultaneously (T3);
3) The decay effect (the reduction in participation over time) seems to be of similar intensity in all
treatments, compared to the control treatment T0.

Using a random effects probit model (as before), we analyse the 4 treatments in a pooled model to
confirm that the differences in parameters (as presented in Table 7) are significant. Table 8 shows that in
T1 and T3 the influence of neighbours’ choices is much greater and significantly higher than in T0 and
T2. A Wald test confirms that the difference of neighbours’ effect between T1 and T3 is not significant (pvalue = 0.11). This confirms our interpretation that the AB induces strategic behaviour (playing 𝑋 and
signalling to neighbours that playing 𝑋 is a winning strategy), thus strengthening the positive effect of
environmental preferences. Indeed, while the neighbours’ influence in T0 and T2 only relies on a small
number of subjects who exhibit sufficiently strong environmental preferences (high value of 𝑎𝑖 ) to
compensate for the loss of revenue, the AB induces additional individuals with relatively lower values of
𝑎𝑖 to choose X (see Hypothesis 1B). Note that the choice of 𝑋 in this situation remains motivated by the
20

perspective of a donation, since the individual monetary payoffs related to choosing 𝑋 does not exceed the
monetary payoff under the risk dominant strategy, 𝑌.

Table 8: Influence of neighbours’ choices by treatment
Variable
Coefficient
T1 (ref T0)
1.824***
T2 (ref T0)
0.363
T3 (ref T0)
0.663*
0.388***
𝑛𝑖𝑡−1
𝑛𝑖𝑡−1 * T1
0.632*
𝑛𝑖𝑡−1 * T2
-0.111
𝑛𝑖𝑡−1 * T3
1.186***
-0.054***
𝑡
_cons
-1.159***
Statistics
N
4032
LL
-1287.91
*
p<0.1; **p<.05; *** p<.01; Standard errors
clustered by independent observation

To gain more insight into the functioning of the nudge, and to better understand the counterintuitive
results obtained in treatment T3, we analyse the effect of subjects’ group ranking in the previous period
(𝑡 − 1) on their choice of 𝑋 in period 𝑡. Results of these random effect probit models are presented in

Table 9. We find that in most cases the group ranking announced in period 𝑡 − 1 has a significant
influence on subjects’ choices in period 𝑡. Interestingly, the effect differs depending on the treatment.
When the nudge is used on its own (Treatment T2), being ranked third rather than first significantly
increases a subject’s probability of choosing 𝑋 in period 𝑡 (significant at 10% when ranked second). When
the nudge is used in combination with the AB (Treatment T3), then not being ranked first in period 𝑡 − 1
has a negative effect on subjects’ probability to choose 𝑋 in period 𝑡 (significant at 10% only if ranked
second), whilst the effect of being ranked third is not significant.
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Table 9: Ranking effect on choice of X in T2 and T3 (all periods included)
Variable
Treatment T2
Treatment T3
*
Ranked Second (𝑡 − 1) (ref: ranked first)
0.219
-1.004*
**
Ranked Third (𝑡 − 1) (ref: ranked first)
0.281
-0.823
**
0.359
1.330***
𝑛𝑖𝑡−1
-0.045***
-0.080***
𝑡
_cons
-1.073***
0.598
Statistics
N
1512
1512
LL
-612.74
-341.40
AIC
1237.48
694.79
*
**
***
p<0.1; p<.05; p<.01; Standard errors clustered by independent observation.

The analysis of Treatment T2 shows that the expected positive impact of social comparison exists
mostly when the group is lagging behind in terms of coordinating on 𝑋. In other words, being ranked first
and being congratulated for being first is less effective on subjects’ participation than being ranked second
or third. We can interpret this as follows. Subjects coordinate because they are sensitive to social
comparison and to the injunctive norm. They play 𝑋 also because they want to increase their rank to win
the inter-group competition. The positive impact of neighbours’ choice of 𝑋 can be explained likewise: it
reinforces the social norm (playing like others) but it also increases the chances to generate the
environmental good via the donation, something that subjects motivated by environmental outcomes are
sensitive to.
In contrast, when the nudge is used in conjunction with the AB (Treatment T3), the information of
being ranked second has a negative effect on participation. Indeed, the nudge carries also information on
the probability of coordination failure: a subject can interpret being ranked second as a signal that his
neighbours are not likely to be cooperative, inducing him to play the risk dominant strategy 𝑌. This could
indicate that subjects in Treatment T3 are more motivated by the AB payment (extrinsic motivations) than
by the intrinsic value of generating a donation or the social norm. The AB seems to crowd out the intrinsic
motivation to select 𝑋. When combined with an AB, the comparative nudge has thus a counteractive
effect: although it carries the same information to subjects, it does not trigger the same behavioural
reactions. We speculate that the stand-alone nudge “activates” the social norm component of the utility
function, whereas when combined with the AB, subjects use the information conveyed by the nudge as
strategic information to increase their chance of being paid the bonus.
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5. Concluding Remarks

Two core ideas in the Payment for Environmental Services (PES) literature are that (i) private landowners
can be encouraged to spatially coordinate their actions using some kind of agglomeration payment
rewarding participation by neighbours; and (ii) behavioural interventions such as nudges can change
participation in PES schemes. This paper brings together these two ideas to address two main questions.
First, can a nudge be used to “supercharge” – that is, improve the performance of – an Agglomeration
Bonus (AB)? Second, can a nudge be used in place of an AB, such that the effects of the AB on
coordination are replicated by the nudge? We use a laboratory experiment to try to answer these questions,
with a design that reflects a third feature of the PES literature, namely that landowners’ desire to
participate in such schemes is partly explained by the value they place on the environmental benefits
generated.
Our results from the laboratory experiment, transposed to the context of farmers and PES, show that
an AB can be expected to significantly increase the level of participation and spatial coordination within a
PES scheme. What is important to highlight is that the overall efficiency is increased significantly, even
when accounting for the shadow price of public funds and when the environmental benefits are not
completely included in the subjects’ payment, but generated in the lab through donation to charities.
Our second conclusion is that replacing an AB by a comparative nudge leads to less socially-valued
outcomes in terms of spatial coordination and environmental benefits/donations. Announcing rankings,
based on relative group performance in terms of environmental benefits generated, is not enough to
improve spatial coordination. This is in line with the results obtained by Borsntein et al. (2002), but goes
against some of the theoretical social norm literature (e.g., Rege, 2004). Analysing inter-group
competition on group coordination, Bornstein et al. (2002) show that providing information about the
performance of other groups is not sufficient to induce more coordination, i.e., to improve coordination,
competition must have payoff consequences. In our case, the competition induced by providing
information to participants on the ranking of their group appears to be stronger than the positive effects of
the social norm on the desired outcome. Although we do obtain some efficiency gains with the nudge due
to the fact that the nudge bears no budgetary costs, these gains remain relatively small.9
The third conclusion relates to the combination of a payment and a nudge. Our initial hypothesis
was that the nudge would strengthen the effects of the AB, both in terms of participation and spatial
coordination. However, we find that the nudge has no significant additional effect when implemented
alongside the AB, and could even counteract the positive impact of the bonus payment. There seems to be
a negative synergy between these two incentives. One explanation could be that the AB crowds out the
intrinsic motivations triggered by the nudge, thus leading to more strategic conduct instead of encouraging
altruistic behaviour. Another explanation could be that ranking groups indirectly provides information on
9

The assumption of low costs could be challenged in real world settings since announcing the relative success of
various groups of farmers would induce administrative and communication costs (see, for instance, Banerjee et al.
(2017) for an experimental study on the role of transaction costs in an AB setting).
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what other members of a subject’s group choose, leading a subject to adjust their behaviour towards
choosing the risk dominant equilibrium when informed that their group is not performing well in terms of
coordination. Thus, it is not excluded that the positive impact of the AB could be enhanced with a
different nudge. Another complementary explanation is that virtual groups formed in a laboratory, in
which members have no information on each other and are not allowed to communicate, bear little
similarities with true social groups embedded in common institutions and sharing the same history.
Therefore, the power of the nudge in the laboratory is expectedly much smaller than in real life and it is
understandable that the “game setting” of the protocol triggers more the strategic component of subjects’
choices than their behavioural and social components. However, the fact that we do find an impact, even
under these conditions, is very encouraging and is a strong argument in favour of nudges.
Finally, based on our experimental results, we observe that the effect of financial incentives and
nudges are reduced over time at a roughly similar pace. This suggests a challenging avenue for research,
which is to design policy interventions (or a renewal of policy interventions) that have longer-lasting
effects.
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Appendix: Experiment Instructions (T3)
(Translated from French)
Note: the parts between brackets […] are adjusted according to the treatment. The remainder of the
instructions is the same for all treatments.

The objective of this experiment is to study decision making. Please read the instructions carefully as they
will help you understand the experiment. When all participants have read the instructions, one of the
experimenters will read them aloud. Your decisions will be treated anonymously. You will enter your
choices in the computer you are now facing. You will be paid according to the decisions you and the other
participants make during the experiment. You will be paid in cash at the end of the experiment. Your
choices might also generate donations to environmental charities. The amount donated will depend on
your choices but also on the other participants’ choices.
From now on, please remain silent. If you have a question, raise your hand and an experimenter will come
to respond to your question in private.
General principle of the experiment
At the start of the experiment, the central computer will randomly create three groups of 6.
All participants in your group, including yourself, are virtually arranged on a circle (see figure below):

You therefore have two neighbours: a right-hand and a left-hand neighbour. Your group members, as well
as your two neighbours, will remain the same until the end of the experiment. However, you will not be
able to identify the other members of your group, and they will not be able to identify you.
This experiment will have 15 periods. In each period you will have to choose between two options: X or
Y. Your individual payoff for a period depends on your choice and that of your two neighbours.
Your choice can also generate, additionally to your private payoff, an environmental benefit, represented
here by a donation to an environmental charity. This donation is only generated if you and at least one of
your neighbours choose X. If you and both your neighbours choose X, the donation is doubled.
More precisely, by choosing X:
- If both your neighbours choose X, you earn [13€] and generate a 16€ donation,
- If one neighbour chooses X and the other Y, you earn [10€] and generate a 8€ donation,
- If both your neighbours choose Y, you earn 7€ and generate no donation.
By choosing Y, you earn 13€ but will not generate any donation.
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The table below displays your payoff and the donation potentially generated resulting from your choice,
presented in rows (X or Y), and from the choices of your two neighbours, presented in columns (XX, XY
or YY).

X
Your choice
Y

Your neighbours’ choices
Both choose X
One chooses X, the Both choose Y
other Y
Your payoff: [13 €]
Your payoff: [10 €]
Your payoff: 7 €
Donation generated: Donation generated: 8
16 €
€
Your payoff: 13 €
Your payoff: 13 €
Your payoff: 13 €

This table is the same for all participants and will remain the same throughout the experiment.

The donations
The total amount donated will be calculated at the end of the experiment according to your choices and
these of the other participants. The experimenters commit to transfer all donations generated during this
experiment to the charities of the participants’ choice.
Before the first period, you will be asked to choose one of the environmental charities shown below. We
will send the donations generated by your choices to the charity you select. You will only be asked to
make this choice once for the whole experiment.
-

WWF (leading world organisation for nature protection),
Fondation Nicolas Hulot pour la Nature et l'Homme (French, apolitical charity for planet Earth
protection),
France Nature Environnement (federation of French charities for the protection of nature and
the environment),
Ouvre-Tête « Social Alternative and Ecological Solidarity » (charity created in 2006 by students
from the University of Montpellier).

If necessary, you will find at the end of these instructions further information on these charities.
Practically
In each period, options X and Y will appear at the bottom of your screen and you will have to click on
your choice. You can change your choice as often as you want. When you click “confirm”, your choice
will be definitive and you will not be able to change it any more for the current period.
At the end of the period, when all participants have confirmed their choices between X or Y, you will be
informed, for the current period, of:
-

Your left-hand neighbour’s choice,
Your right-hand neighbour’s choice,
Your payoff,
The donation generated by your choice, if any.
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[For treatments T2 and T3]:
Additionally to this individual information, each group will be informed of its ranking relatively to the two
other groups in the room. This ranking depends on the total amount of donations generated at the group
level. The first group (rank 1) is the group that generated the most donations and the last group (rank 3)
the group that generated the least donations during the period. If two groups are equal, they will be ranked
according to the number of participants who chose X. Therefore, for an equal level of donations, the group
with the most members choosing X will be ranked before the other one.
A table will display a summary of this information for all periods since the beginning of the experiment.

Payment of payoffs and donations
At the end of the 15 periods, 4 periods will be randomly selected and will determine the value of your
individual payoff and of the donation generated by your choices. This selection is random, so please do
pay close attention all along the experiment. You will be paid the average of your payoffs for these 4
periods. Similarly, the donation that will be sent to your selected charity will be the average of the
donations generated during these 4 randomly selected periods. You will only be paid in cash, and
privately, your individual payoff. The donation will be placed in the envelope corresponding to your
selected charity under your supervision. A proof of the actual donations to the charity will be circulated by
email after the experiment.
Before we start, please answer to a short questionnaire to check your understanding of the instructions.
Your responses to this questionnaire will have no consequences on your final payoff or on the donations.

If you have a question, please raise your hand.
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