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Worldwide biodiversity procure ecosystem services and could play a key role in adapting to climate 

change (CBD, 2009). To secure their provision, instruments called Payments for environmental or 

ecosystems services (PES) schemes have been designed and implemented in various developed and 

developing countries. Several definitions of PES have been proposed including the ones from by Wunder 

(2005), Sommerville et al. (2009) and Muradian et al. (2010). However there is still no consensus on 

what is or what should be considered as a PES. PES is therefore mainly used as an umbrella term for 

conditional payments targeted at individuals or communities who provide environmental services. Since 

then, a large debate has emerged on the effectiveness and additionality of such instruments: would 

providers deliver more environmental services with this kind of rewards compared to a business as usual 

scenario? And how should PES be designed to be effective? (Pattanayak et al. 2010, Wunder et al. 2008, 

Wunder 2007, Tacconi 2011, Kinzig et al 2011).  

 

Ecosystems services provision represents an opportunity cost for providers and PESs have been 

designed based on the assumption that these ecosystem providers, such as farmers in developing 

countries, are economically rational. PES would therefore compensate this cost and, as a result, 

encourage them to protect the environment. However, it has been shown repeatedly in lab and field 

experiments that individuals don’t act as if they were only motivated by their own interest. They have 

intrinsic motivations to cooperate in social dilemmas such as public goods or common pool resources 

problems (Ostrom 1994). Their behaviors also depend on social norms (such as norms of reciprocal 

fairness) which are determined by the institutional context (Ostrom 2000). However policy makers 

continue to design intervention considering that people are economically rational, or rather, that if a 

policy can encourage such people to cooperate, individuals with intrinsic motivations will still cooperate 

under this policy. In reality, some types of government intervention may do more harm than good. 

Various types of interventions have already been tested using economic experiments. Results were 

quite different from what was expected theoretically and enlightening about people’s behavior. They 

show in particular that external intervention may destroy previous intrinsic motivations and therefore 

be ineffective, or even counterproductive, to increase cooperation (Frey and Jegen 2001, Bowles 2008). 

The first famous example was provided by Titmuss in 1970 who argued that systems of voluntary blood-

giving are more effective than those based on payment for donors. Indeed, introducing a payment 

destroyed the main motivation for giving blood: altruism (see also seminal work from Deci 1971). He 

Gneezy and Rustichini (2000) showed in a natural field experiment in childcare centers that this 

crowding-out effect of intrinsic motivation could be persistent even after the regulation instrument is 

removed. External intervention can therefore destroy intrinsic motivations for good. Sanctions and 

regulation instruments have been particularly studied in regards to crowding-out effects, including in 

contexts of environmental dilemmas. Several experimental papers, in labs and in the field, showed that 

randomly monitored sanctions and regulation were leading to a crowding out effect with less 

cooperation (Frey 1994, Ostmann et al. 1998, Cardenas et al. 2000, Reeson and Tisdell 2008, Vollan 

2008, Travers et al. 2012). 

 

Nevertheless, some instruments could also crowd in intrinsic motivations and reinforce adherence to 

social norms leading to an increase in cooperation. Frey and Stutzer (2006) suggest that intrinsic 

motivation may be crowded out if the intervention is felt to be controlling but that it may be crowded in 



3 

 

if the intervention is felt to be supportive for participants. Frey and Oberholtzer-Gee (1997) studied the 

impact of a payment on people’s willingness to accept a nuclear waste disposal close to their home. 

They showed that people where less willing to accept when they were paid a small compensation than 

when they were not paid. In this case, the payment was a compensation for putting up with a bad 

environmental situation imposed by the government; it may have been seen as controlling rather than 

supporting. In consequence, Frey and Stutzer suggest that controls and command instruments, tradable 

emission rights and taxes would crowd out intrinsic motivations but that government subsidies could 

have an ambiguous effect on environmental morale. Rewards may then be effective to increase 

cooperation in environmental dilemmas. McCusker and Carnevale (1995) found supporting evidences 

that rewards produce greater cooperation than sanctions. Vollan (2008) also investigated this question 

and found that a supporting external intervention does not lead to the crowding out effect, whereas a 

restrictive one can.  

 

So would PESs perform well to protect the environment? Would they lead to crowding-out of intrinsic 

motivations? So far, the answer to this question seems equivocal and dependent on the nature of the 

external intervention and on the social context and norms (Vollan 2008, Velez et al 2009, Reichhuber et 

al. 2009, Prediger et al. 2011, Travers et al. 2011, d’Adda 2011, Kerr et al. 2012, Hayo and Vollan 2012). 

This paper forms a part of the collective effort to collect data about PES and crowding-out effects. Its 

first aim is to investigate the effect of two different rewards on individual’s cooperation using a framed 

field experiment. The difference between these two rewards is the way it is shared among ecosystem 

services providers. Pascual and Corbera (2012) argued that the perceived fairness associated with a PES 

impacts its effectiveness: the more unfair a PES is perceived the less it will perform well to protect the 

environment. Here, we argue in the same vein, that the way the reward is distributed among farmers, 

and so the equity criterion associated with the reward, may impact its effectiveness. Therefore 

distributive issues should be taken into account when designing PES, even under the narrow objective of 

effectiveness. 

Also, it can be argued that, in real life situations, farmers have informal talks together before taking 

decisions about what quinoa varieties they should use and it may impact both conservation efforts and 

the reward effectiveness. The second aim of this paper is therefore to study the complementarities 

between communication and rewards.  

An important literature shows that allowing participants to cheap talk (talking without binding 

commitment) leads to more cooperation in public goods and common pool resources dilemmas (see 

Ledyard 1995, Ostrom et al. 1994 and Ostrom 2006 for surveys of the literature on this subject and 

Cardenas 2000, Cardenas et al. 2000, Cardenas et al. 2004, Velez et al. 2005 and Travers et al. 2012 for 

more recent results). This may be particularly true in the case of the egalitarian reward where farmers 

will have to share the benefits of their own efforts with their peers.  

Cardenas et al (2000) compared the effect of allowing cheap talk conversations with a sanction in a 

common pool resource game in Colombia. The sanction consisted in a fine with a low probability of 

getting caught. They showed that communication works well to fight CPR problems while sanctions are 

ineffective. However, they did not look at the combined effect of communication and sanctions. As 
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Vollan (2008) points out, “it is interesting to find out how an external rule interacts with communication, 

in combination with the crowding out effect.” Adding the possibility to communicate to an instrument 

could prevent or reinforce the crowding effects created by the policy. Two papers analyzed the potential 

complementary effects of communication and external intervention. Velez et al. 2006 tried to show than 

an external penalty can foster cooperation when it is combined with communication within the group. 

However, they found no strong complementarities between penalty and communication. Travers et al. 

introduced both the possibility to communicate and external sanctions or rewards. They found no effect 

of communication alone but a high level of cooperation when both communication and external 

instruments were introduced. They did not measure the additional effect of communication on the 

reward’s effectiveness. Here, we introduced a combined treatment with both a egalitarian reward and 

the possibility to communicate, as well as a communication only treatment, to analyze the potential 

complementarities effects. 

This paper therefore intends to answer three questions, namely i) Are rewards based on different 

sharing criteria equally effective to protect ecosystem services? ii) Do they have the same impact on 

intrinsic motivations and adherence to social norms? And iii) are there complementarities between 

communication and the egalitarian reward?  

Section 1 presents the context of the study and the design of the game. Section 2 gives the results and 

section 3 concludes. 

 

1. Design of the game 

2.1 Context of the study 

This experiment was framed around agrobiodiversity conservation and therefore around farmers’ 

decisions to cultivate either traditional or commercial crop varieties. Agrobiodiversity conservation 

services have private and public goods characteristics. The private value component consists of the 

commercial benefits that can arise from using traditional varieties. In any case, these benefits are 

smaller than the benefits that can arise from using a commercial variety
1
. The agrobiodiversity private 

value is directly linked to farmers’ decisions and does not depend on other’s actions. There are also 

several public value components. There are important local-level community public good benefits, such 

as agricultural landscape-level regulating ecosystem services related to soil fertility maintenance, as well 

as pest and disease management (Zimmerer, 1998, 2010). Moreover, crop diversity may be considered 

to be closely linked to local identity in the Andes and supports cultural traditions and social norms 

(Brush, 1992; Zimmerer, 1991). Finally, this public good aspect also extends to the functionality of local 

seed systems that allows evolutionary processes to be maintained (Coomes, 2010; Stromberg et al., 

                                                           
1
 Among commercial varieties, there are improved varieties obtained through selection by INIA but also ancestral 

varieties. 
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2010; Zimmerer, 1996, 2003). The generation of public benefits, however, may depend on critical 

thresholds, such as the conservation of a safe minimum population (Drucker, 2006)
2
.  

In the Northern Altiplano, around Lake Titicaca, farming systems still have a predominantly subsistence-

orientation. Farmers normally follow a multi-crop rotation system, alternating between potatoes, 

quinoa, cereals and fallow periods of only one to 2 years. Each year farmers decide which crop to 

cultivate based on this rotation scheme but also which variety to saw for each crop. As regards to 

quinoa, farmers can choose between ancestral varieties, which have been cultivated in these areas for 

centuries, and improved varieties , obtained through selection by national agricultural research agencies 

such as INIA in Peru. Since a decade, the consumption of quinoa has emerged in industrialized countries 

such as USA and countries from the EU. The prices and the level of exportation of quinoa from Peru, 

Bolivia, Ecuador and Chile have increased (data). However, improved varieties, and few traditional ones, 

are easier to sell on the international market and for a higher price than the majority of ancestral 

varieties whose grain is less even. As a consequence farmers are shifting from growing traditional 

quinoa to growing commercial one. Local farmers are therefore used to make choices between the 

cultivation of commercial varieties which maximize private benefits and traditional varieties that bring 

wider benefits for the community in terms of cultural traditions and local indentifies (Narloch et al. 

2012). For this reason, this area provides an appropriate background to study the impact of external 

rewards on conservation’s decisions. 

 

In total, the experiment was run in 9 communities of the Puno province (the same province as in 

Narloch et al.). Five communities were located in the Aymara area (South of the lake) while the other 

three were located in the Quechua region (North of the lake). We chose only participants in 

communities that did not participate the first time (in 2010).  

 

In these communities, some collective action institutions exist so farmers are used to make farming 

decisions in social contexts. The first one, called faina, is communal work. Each inhabitant of the 

community has to do his share of work for the community. For instance, it can be for building a school. 

In some rare cases, they may get paid. When it happens, they normally work the same amount of time 

and get paid the same wage. 

Also some communities still have some collective lands named aynoka. These lands are lent to 

individuals but the community decides all together about the crop that will be grown on this land. Then 

the profits from this crop go to the farmer who cultivated it.  

 

 

 

 

 

                                                           
2
 By conserving agro-biodiversity farmers also help maintaining the global pool of genetic information. This 

component can be seen as a global-level option value since it can potentially contribute to breeding new varieties 

to deal with global challenges, such as new diseases, climate change, or changing consumer preferences (Smale et 

al., 2004; Bellon, 2008). 
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2.2 The game  

2.2.1 Experimental design 

 

We used the basic game developed by Narloch et al. This game is an impure public good game with a 

threshold framed around farmers’ decisions over the cultivation of different quinoa varieties.  

 

(a) Baseline Game (rounds 1 to 6) 

 

Each game participant forms part of a group of n=4 players and disposes of four units of land.  

Over 12 rounds participants decide on how many land units XT to allocate to the conservation of a 

threatened variety T or to the commercial variety C (XC). Private returns through market prices for the 

traditional variety PT are lower than for the commercial variety PC. Yet, the cultivation of T is associated 

with public conservation benefits per land unit BT that accrue to every group member once the total 

number of land units allocated to the conservation of T in a group reaches a certain threshold t. Bellow 

this threshold, not enough traditional variety is sown to generate public benefits. Each participant i thus 

has the following pay-off function in round t, which also depends on the conservation level of his/her 

three group peers: 

��� � ���  	��� 
 ��  	��� 
 �� � 	���� � �� � 	���� � �
��  	��� 
 �� 	���                                        ��������� � 

 

The parameters are set as follows: PC =12 points,  PT =2 points,  hypothetical game pay-offs for one land 

unit planted with commercial varieties set to PC =12 points, BT=4 points and t=7 units of land. So each 

participant finally faces the following pay-off function: 

 

��� � �12 	��� 
 2 	��� 
 4 � 	���� � �� � 	���� � 7
12 	��� 
 2 	���                                        ���������� 

 

Public benefits are therefore only generated if the group devotes more than 7 units of lands in total (the 

threshold) to the traditional variety. Also it appears clearly that choosing the traditional variety instead 

of the commercial one implies an direct opportunity cost of (12-2)=10 points. The compensation of this 

loss by the public benefits is uncertain since it depends on the decisions of the other members of the 

group. 

There were four treatments in total. All farmers (from all treatments) played the baseline game for 6 

rounds. Then subjects played 6 additional rounds with different rules according to the treatment. 
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(b) Treatment Games (rounds 7 to 12) 

 

 

In the first treatment, called COMM, in each round players had the possibility to discuss 2 minutes in 

group before taking their decision individually. They were not allowed to show their decision sheet to 

the others during these 2 minutes. During this time, farmers could speak about everything, including the 

game and what strategy they should implement.  

In the second treatment, an egalitarian reward (ER) is introduced. As the objective of the social 

planner is to protect agrobiodiversity, and so, the conservation of a safe minimal population (an 

ecological threshold) of traditional variety (Drucker 2006), the reward is given only if this threshold is 

reached. The group as a whole receives a group reward GR:  

 !� � " ! � 	���� � �� � 	���� � �
 0                               ��������� � 

The reward R is set to 4 points. This reward is given only if the group provides the public benefits from 

using the traditional variety, that is, if it reaches the threshold t. The sharing is egalitarian which means 

that each member of the group receives an equal share of the total group reward, R/n. So each farmer 

will receive a reward: 

$!� � " %1&' ( ! � 	���� �              �� � 	���� � �
 0                    ��������� � 

With the chosen parameters, each farmer faces the following payoff function: 

��� � �12 	��� 
 2 	��� 
 4 � 	���� � 
  1 � 	���� � �� � 	���� � 7
12 	��� 
 2 	���                               ��������� � 

Said differently, this egalitarian reward is increasing the public conservation benefits to BT=5.  

In the third treatment, called COMM+ER, players had the possibility to communicate and an 

egalitarian reward was implemented. 

Finally, in the fourth treatment, called PR, groups received the same group reward as in the ER 

treatment but the sharing is proportional to individual contributions. So, each member of a group will 

receive a share of the group reward proportional to its own contribution: 

�!� � " % 	���∑ 	���� ' ( ! � 	���� �              �� � 	���� � �
 0                    ��������� � 
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With the chosen parameters, each farmer will have a payoff function as follows: 

��� � � 12 	��� 
 2 	��� 
 4 � 	���� � 
 4	���             �� � 	���� � 7
 12 	��� 
 2 	���                     ��������� � 

From the point of view of the budget, the ER and the PR are perfectly equivalent: If the group does not 

reach the threshold, the reward is not given so the cost for the government is 0. When the group 

reaches the threshold the cost of the PR is: 

*���+,,� � 4	�.� 
 4	�/� 
 4	�0� 
 4	�1� � 4 � 	���� � 

And the cost of the ER is: 

*���2,,� � � 	���� 
 � 	���� 
 � 	���� 
 � 	���� � 4 � 	���� � � *���+,,�  

Narloch et al. (2012) also introduced different types of rewards, an individual and a collective one, and 

compared their effectiveness to increase farmers’ conservation efforts. They showed that individual 

rewards are more effective. They also found that both payments interact differently with intrinsic 

motivations and social preferences. However a major difference existed between both types of rewards. 

The collective reward was the same as our egalitarian reward. The individual reward was based entirely 

on farmers ’conservation level, without being conditional on the collective threshold. The level of 

uncertainty faced by farmers when they had to take their decision was different: As a consequence, 

farmers who received the individual reward knew exactly the payment they would get when taking their 

decisions. On the contrary, the ones who received the egalitarian reward faced strategic uncertainty 

since their payoffs depended on their peers’ decisions. The difference of effectiveness observed 

between both rewards in Narloch et al. could therefore come from this strategic uncertainty. In this 

paper, we introduce a reward proportional to individual conservation levels (as the individual reward in 

Narloch et al.) but given to farmers only if they collectively reach the threshold (as the egalitarian 

reward) so that it should encourage collective action. We can then compare both rewards, the PR and 

the ER, the level of strategic uncertainty being the same. The only remaining difference is the sharing 

criterion associated with the reward. 

 

(c) Theoretical Predictions  

 

Payoff tables were distributed to farmers so that they could take their decisions more easily (see tables 

a, b, and c in the appendices
3
).  

                                                           
3
 Tables provided to players did not contain bold characters. Here they indicate what is the best strategy knowing 

the others’ conservation decisions. 
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The social optimum i.e., where the group’s total benefits would be maximized, is reached when all the 

group members allocate all their land units toward conservation.  

By contrast, as benefits from the commercial variety are higher than those from the traditional variety, 

participants’ best private strategy is generally not to allocate any land at all for conservation of 

agrobiodiversity and to instead free-ride on others in order to earn the collective benefits, BT. However, 

due to the fact that significant public benefits are generated only once the threshold is reached, 

situations may arise in which the best private strategy is to conserve a sufficient land area so as to 

ensure that ∑XTkt = 7.  

As a consequence two types of Nash equilibria arise. The first one is the free riding Nash equilibrium 

where nobody in the group conserves any unit of land. The other type is the “cooperative” Nash 

equilibrium where the total group contribution reaches the threshold, 7 units of land conserved. 

However all cases where the group contribution is equal to 7 are not Nash equilibrium. For instance, in 

the baseline game, if a player expects his peers to conserve 3 units of land, assigning 4 units of land to 

the traditional variety is not his best private strategy, even if it would allow the group to receive the 

public benefits. A summary of the set of best private strategies and Nash equilibria in each game is 

shown in appendix d. 

The social optimum, where each farmer assigns 4 units of land to the traditional variety, is never a Nash 

equilibrium, even with the payments. Indeed, if a farmer expects his group peers to conserve 12 units of 

lands, his best strategy is to grow only the commercial variety. As a result, the payments have no reason 

to lead to the social optimum. Therefore, here, the analysis will focus on the effectiveness (additionality) 

of the payments rather than on its efficiency (capacity to lead to the social optimum): payments will be 

said to be effective if they increase significantly conservation efforts compared to the baseline game.  

 

 

2.2.2. Experimental Setting 

 

In September 2012, 9 sessions were organized
4
. The experiment was run with “paper and pen” and 4 

assistants were present to watch and answer subjects’ questions. Each session was organized with 16 or 

20 farm household participants originating from the same communities. In total, 176 farmers took part 

of to the experiment. Table 1 summarizes the characteristics of each treatment and describes the 

numbers of groups and participants per treatment. 

 

 

 

 

 

 

 

                                                           
4
 One pilot was played and then 8 sessions. The pilot was a COMM+ER treatment with 16 subjects. All the other 

sessions were condicted with 20 farmers. Since no change was made in the design of the game, we later integrated 

data from the pilot to the global dataset. 
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Table 1 : Treatments ‘characteristics  

 

 Reward 

Communication No Egalitarian  Proportional  

No 
Baseline game (rounds 1-

6, all 176 players) 

ER 

(rounds 7-12, 40 players) 

PR 

(rounds 7-12, 40 players) 

Yes  
Comm 

(rounds 7-12, 40 players) 

Comm+ER 

(rounds 7-12, 56 players
5
) 

- 

 

 

The groups’ composition was determined randomly at the beginning of each session and stayed the 

same during all the experiment. Players sat by group so they would know who the other members of 

their groups are. When they had to take their decisions they were looking outward so that they couldn’t 

communicate or look at each other decisions. As a consequence, this setting is different from Narloch & 

al’s one where farmers did not know who their group peers were. By cons, it is close to Cardenas et al. 

setting. 

The information about group peers identities was given for two reasons: first, when a community based 

PES is implemented, people know with whom they’re going to share the reward so this setting was 

closer to real PES implementation. Second, face-to-face communication, which we introduced in some 

treatments, prevents anonymity between players in the second part of the game. To disentangle the 

effect of face-to-face communication and loss of anonymity we therefore choose to reveal identities in 

the baseline game also. 

After each round, participants were only informed about their pay-offs and the aggregated conservation 

effort undertaken by their group peers. So they would not know about the individual conservation levels 

of each of their peers. This was done to avoid any retaliation effects and potential conflicts between 

players after the game.  

 

2. Results 

Table 2 presents a description of the game participants based on a post-game survey. As group 

membership was randomly assigned, some farmers may have been in the same group as some of their 

family, neighbor or co-worker. To control for this possibility three questions were asked to each farmer 

in the final survey to measure social distance between group peers. The first question was: “Is player “i” 

part of your family?”. We ask this question for each of the farmer’s group peers and created a variable 

“Family”, which is the number of group peers who are part of the farmer’s family
6
. The second question 

                                                           
5
 It corresponds to the 40 subjects of the COMM+ER sessions more the 16 subjects from the pilot. 

6
 Here, family only includes parents and children, siblings, grand-parents and grand-children, uncles and aunts, 

nephews and nieces and cousins. 
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was about the geographical distance and the third one about the frequency of collaboration between 

group peers. So two other variables were created. One, named “Neighbor”, is the number of group 

peers leaving close or very close to the farmer. The third one, named “Work”, is the number of group 

peers who collaborate frequently or very frequently with the farmer. These three variables are therefore 

between 0 and 3. 

 

Table 2: Description of participants 

Variable Description Frequency/average  

Sex =1 if the subject is a man, 0 if she’s a woman 61% of men 

Age Age of the subject 45 years 

Higher_ed =1 if the subject went to secondary school, 0 otherwise 57 %  

Kg_quinua Kg of quinua sold in the last campaign  148 kg 

Agricol_orga =1 if the subject is part of a farming organization, 0 otherwise 46 %  

Ecotype Total area of ecotype quinoa in the last campaign (ha) 0.12 ha 

Quinoa Total area of quinoa in the last campaign (ha) 0.65 ha 

Cattle Total number of cattle units (TCA)  6.8 units 

 

Social Distance variables: 

Family =nb of group peers who are in the same family as the player 0.59 

Neighbor =nb of group peers who live close to the player 0.67 

Work =nb of group peers who collaborate with the player 0.23 

 

In the following section we present the results of the game. 

 

2.1. Statistical analysis 

 

The average group contribution over the 12 rounds, differentiated by treatment, is shown in figure 1. 

Recall that the first 6 periods are the baseline game, which is the same for all players.  
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Figure 1: Average group contribution in all treatments 

The average group contributions in the baseline game, together with the change in the second part are 

given in table 3.  

Table 3: Average group contributions in both part and all treatments 

Treatment 

Average group 

contributions in the 

baseline game 

Change under the 

reward/communication 

treatment 

Comm 5.72 +0.13 

ER 6.17 +1.36** 

Comm+ER 7.70 +2.55*** 

PR 6.67 +3.75*** 

Global average 6.74  

 

Globally, group contribution in the first round is close to the threshold. This means that farmers are 

initial compliers (Reichhuber et al.), that is they conserve some units of land without knowing about the 

willingness to cooperate of their group peers. This behavior can be the results of two factors. First, 

farmers may have identified the cooperative Nash equilibria and conserve some land units because they 

expect others to cooperate. However, almost 23% of subjects chose to conserve 3 or 4 units of land in 

the first round although it is never a best strategy in the baseline game. This suggests that farmers 

cooperate, not only because it can be their best strategy but also because their decisions are driven by 

intrinsic motivations (Frey and Stutzer 2006) such as altruism or environmental concern.  
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Figure 1 already provides some first results about the effect of communication and rewards on 

contributions. We can analyze these effects using a Wilcoxon test to compare part 1 to part 2 for each 

treatment. Short run and long run effects are also analyzed by comparing contributions in rounds 4 to 6 

to contributions in rounds 7 to 9 and 10 to 12 respectively (see results in table 4) as in Ahn et al. 2004. 

With the introduction of communication alone, between round 6 and 7, contributions decrease by 0.2 

units and stay below the threshold in subsequent rounds. Results from table 4 corroborate the lack of 

positive effect of communication which goes against previous results about the effect of cheap talk in 

CPR and public good dilemma. This result is persistent in the long run. 

Table 4: Short term and long term effects of the rewards and communication (Wilcoxon test) 

Treatment Comparison periods 4-6 to 7-9 Comparison periods 4-6 to 10-12 

Comm  
1 0.5533 

- - 

ER 
0,009766 0.8336 

*** - 

Comm+ER 
0,1578 0.005249 

- *** 

PR 
0.003906 0.02427 

*** ** 

 

When an egalitarian reward is introduced, contributions increase instantly by 3.1 units but then 

decrease and stabilize below the threshold. This suggests that the egalitarian reward is not performing 

well on the long run (see results of the tests in table 4).  

When a proportional reward is introduced, contributions increase by 4.4 units, stabilizing above the 

threshold in subsequent rounds. This positive effect is also depicted in table 4.  

These results suggest that the PR is more cost-effective than the ER in encouraging conservation. 

Narloch et al. found the same effect when comparing the same egalitarian reward to a pure individual 

reward (not conditional to the group passing the threshold). They stated: 

“Although conserving farmers could, for the same conservation effort, theoretically earn the 

same under individual and collective (egalitarian) rewards, under the latter the reward earned 

depends on the group peers conservation levels and would only materialize above the 

threshold, so that there is a higher uncertainty associated with the collective reward. 

Consequently, it may be that it is not the size of group payoffs that matters in determining 

collective action but the level of the thresholds.” 

Here, the level of uncertainty associated with the proportional reward is the same as the one with the 

egalitarian reward. Still, we find that the PR is more effective suggesting that the conditionality of the 

reward does not explain entirely the difference between individual and collective rewards in Narloch et 

al. Part of this difference may come directly from the benefit-sharing criterion associated with the 
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reward. A deeper analysis of the effects of each reward is therefore necessary to understand their 

impact on farmers’ behavior.  

Finally, with the introduction of both an egalitarian reward and the possibility to communicate, the 

group contribution increases by 2.4 units and stabilize above the threshold in subsequent rounds 

suggesting that, even if communication and the egalitarian reward are not performing well 

independently in the long run, they reinforce each other allowing for an increase in conservation efforts.  

Figure 1 also shows that subjects’ behaviors in the baseline game vary from one treatment to another. 

For groups in treatments COMM, ER and PR, the conservation level in the baseline game (round 1 to 6) 

is, in average, below the threshold whereas it is above it in treatment COMM+ER. A Mann-Whitney test 

to compare group contributions in the baseline game confirms a significant difference between 

treatments COMM+ER and COMM. This suggests a community effect and prevents us from using non 

parametric tests to compare treatments in the second part of the game.  

Rewards and communication may affect conservation decisions though various channels. First, rewards 

may have a direct effect by providing additional economic incentives. Second, they may affect 

contributions by interacting with farmers’ intrinsic motivations and adherence to social norms. The 

analysis so far does not allow for a decomposition of the overall impacts of rewards and 

communications into these direct and indirect effects (Rodriguez–Sickert et al. 2008; Sommerville et al. 

2010). In the next section we will therefore analyze further how rewards and communication interact 

with relevant farmers’ social preferences using an econometric analysis. Integrating socio-demographic 

variables as well as communities’ dummies will increase the level of control and allow us to compare 

instruments in a more robust way. 

 

2.2. econometric analysis  

We analyze the individual contribution dynamics using a panel data tobit model. Since control variables 

which do not vary through time are integrated to the model, such as socio-demographic ones, we 

choose a random-effect model. Moreover, variables that depend on the previous period results are used 

to study the dynamics of individual contributions, so data from the first round are excluded. The 

dependent variable is the players’ conservation effort measured in the number of land units with 

traditional variety, so it is between 0 and 4 units of land. In addition to some socio-demographic 

variables presented in table 2 we include some variables related to the design of the game and to 

observed decisions during the experiment.  

As regards social preferences, we followed the same approach as Carpenter and Seki (2010) and Narloch 

et al. (2012) and introduced three variables. The first one is the level of conservation of the farmer in the 

first round. We call farmers who conserve a high level of traditional variety in this round initial 

compliers. Since these farmers cooperate without knowing about the willingness to cooperate of their 

group peers, it means that they have strong intrinsic motivations to conserve (Reichhuber et al. 2009). 

The level of conservation in the first round therefore serves as a measure of farmer’s intrinsic 
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motivations: the stronger they are, the higher his conservation level in the first round. Introducing this 

variable allows us to see how farmers’ intrinsic motivations impact their conservation level through the 

game. We expect farmers with strong intrinsic motivations to conserve more than farmers with weak 

intrinsic motivations, at least in the baseline game. The second one is the conservation of the others in 

the previous period. It gives us the degree to which farmers are influenced by their peers’ decisions and 

thus a measure of conditional cooperativeness (Fischbacher et al. 2001, Fischbacher and Gächter 2010). 

A negative coefficient indicates free-riding while a positive one indicates reciprocity or retaliation. The 

effects of reward and communication may also be conditioned by the threshold so we added a dummy 

variable for having reached the threshold in the previous period. 

Then we introduced dummy variables to test the effect of communication and rewards. These variables 

are presented in table 5 below. An interaction term is also used to measure the combined effect of 

communication and the ER.  

The economic effect of the reward and the effect of communication will be captured by the direct 

effects of the corresponding variables. To analyze the combined effect of rewards, communication and 

social preferences, interaction terms between treatment variables and social preferences variables are 

introduced. This will allow us to analyze two effects of rewards and communication, namely: 1) Do 

farmers with strong intrinsic motivations conserve less when they are offered a reward or when they 

can communicate? If this is the case it means that rewards and communication crowd-out intrinsic 

motivations to conserve. And 2) do rewards and communication impact the way farmers react to their 

peers’ behaviors? Which would mean that rewards or communication strengthen or degrade reciprocal 

social norms.  

We also introduced interactions between the variable Family and the treatment variables. We contend 

that rewards and communication could impact differently groups where members are from the same 

family because they may trust each other more
7
. Finally we introduced a dummy for each community.  

Table 5: Independent variables 

Variable Description 

Comm =1 if players can communicate, 0 otherwise 

Ega_reward =1 if players receive the egalitarian reward, 0 otherwise 

Prop_reward =1 if players receive the proportional reward, 0 otherwise 

Contrib_1 Contribution of the subject in the first period of the game 

P_contrib_others Contribution of the other member of the group at the previous period 

                                                           
7
We also checked for this effect with the other social distance variables Neighbor and Work but there 

was no significant impact. 
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P_threshold 
=1 if the group reached the threshold at the last period and 0 

otherwise 

 

The results of the model are shown in table x. 

Table 6: Tobit Results with interactions with social preferences 

Contrib Coefficient p-value 

Social Preferences   

Contrib._1 .2315663 0.000 

P_contrib_others .0055551 0.875 

P_threshold .2516797 0.126 

Treatments   

Comm .8239744 0.005 

Contrib._1*Comm -.1941442 0.048 

P_contrib_others*Comm -.1221668   0.025 

P_threshold*Comm .3828837 0.192 

Fam_proche*comm .0000968 0.999 

Ega_reward -.045136 0.890 

Contrib._1* Ega_reward -.1279009 0.179 

P_contrib_others* Ega_reward .1039318 0.052 

P_threshold* Ega_reward -.2894865 0.307 

Fam_proche* Ega_reward .368124 0.002 

Comm_ Ega _reward   .608528 0.034 

Prop_reward 1.832701 0.000 

Contrib._1* Prop_reward -.3402972 0.010   

P_contrib_others* Prop _reward .044831 0.512 

P_threshold* Prop _reward -.6405486 0.144 

Fam_proche* Prop _reward -.0056263 0.977 

Social Distance within the group   

Family -.0819228 0.266 

Geographical -.0517621 0.399 

Colaboration .0412776   0.612 

Socio-Demographic data   

Sex -.0264528 0.811 

Age -.0072742 0.080 

Higher_ed -.0986959 0.406 

Kg_quinua .0006543 0.002 

Ecotype_area .0006543 0.462 

orga .176297 0.107 

Communities   

Vilacallame -.1539421 0.528 

Taya Taya -.210898 0.431 

Vizallani   -.4639334 0.051 

Ampatiri  -.1599659 0.525 

Yacari  .2966986 0.211 

Tuquina  -.9877829 0.000 

Rosario -.4968078 0.044 

Ccaje -.0953316 0.699 
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Cons 1.483869 0.000 

Sigma_u .2931574 0.000 

Sigma_e 1.61217    0.000 

Rho .0320075    

LRtest of sigma_u  Chi2=   6.63 0.005 

Log Likelihood= -3154.3089 Wald Chi2= 349.68 0.000 

Nb of observations 1936  

 

First, participant variables only explain contributions to a limited extend. The age has a small negative 

effect on farmers’ efforts to conserve traditional variety. We can also see that farmers selling more 

quinoa conserve more units of land, this suggests that farmers who still have subsistence based 

production systems are less cooperative than those who shift to commercial production systems. 

However this effect is quite negligible. Also, farmers who are part of an organization devote more land 

units to traditional variety conservation. These farmers may have received some training about quinoa’s 

growing and on-farm biodiversity. Finally, communities have a strong impact
8
.  

Turning to social preferences, as expected, the level of conservation in the first round drives 

conservation in the next rounds to a large extend. Farmers who contribute more in the first period, and 

so farmers with strong intrinsic motivations, tend to conserve more in the following ones. In general, 

contributions of the others have no effect meaning that neither free-riding nor reciprocity prevails. 

Finally, reaching the threshold at the previous period has no impact on conservation effect either.  

We then explore our two main questions, namely do rewards based on different sharing criteria impact 

conservation efforts the same way? And what is the impact of communication on both conservation 

efforts and the egalitarian reward effectiveness? 

A summary of the direct and indirect effects of rewards and communication is presented in table 7 

below. 

Table 7: Direct and indirect effects of rewards and communication 

Effect Egalitarian reward Proportional Reward Communication 

Direct Effect 0 +++ ++ 

Indirect Effects    

Crowding effect 0 - - 

Reciprocity effect + 0 - 

Threshold effect 0 0 0 

Total Effect + ++ 0 

Complementarity effect 

of communication on 

the ER 

++   

0 means no effect, + means a positive effect, - means a negative effect.  

                                                           
8
 These communities are located in areas with different levels of poverty and inequalities, but this does not seem 

to explain these differences. 
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(i) What type of reward is more effective? 

Results 

From table 7, it can be seen that the proportional reward have both a direct impact on conservation 

efforts and an indirect one through its interaction with intrinsic motivations. The former corresponds to 

the economic incentive introduced with the reward. It is positive and highly significant; farmers 

increasing by more than 1.8 units there area of land dedicated to traditional variety conservation.  

As for the interaction between the proportional reward and farmers’ intrinsic motivations, results 

suggest that the reward has a positive impact but it is smaller for farmers with strong intrinsic 

motivations. The proportional reward crowds-out their intrinsic motivations to conserve, that is, it 

undermines them. However this negative effect is more than compensated by the direct economic 

incentive created, so that they still increase their conservation level compared to the baseline game. At 

the end, with the PR, farmers with weak intrinsic motivations catch up with the conservation level of 

those who have strong intrinsic motivations.  

Turning to the egalitarian reward, it has no direct impact on conservation decisions suggesting that the 

economic incentive provided by the reward is not sufficient to increase conservation efforts. This implies 

that, at equal cost, the economic incentive provided by the proportional reward is stronger than the one 

provided by the egalitarian reward. The egalitarian reward, contrary to the PR, does not crowd out 

intrinsic motivations and creates reciprocity.  

Discussion 

This difference between the ER and the PR comes from the different sharing criteria used to calculate 

the amount of money received by each farmer. With the ER, farmers share the benefits of their efforts 

equally with their group peers. This triggers guilt or gratitude from farmers who did not cooperate 

leading them to reciprocate in the following round. On the contrary, with the PR, farmers who don’t 

cooperate do not benefit from their peers’ efforts. As a result, it does not create reciprocity but rather 

relieve farmers from guilt and gratitude feelings which may have been part of their intrinsic motivation 

to conserve.  

In Narloch et al., the ER was creating free-riding rather than reciprocity but the setting of both 

experiments differed by the type of information provided to players: information on peers’ identities 

here vs. information on individual level of conservation in Narloch et al.. Small and Loewenstein (2005) 

showed that people are more punitive toward identified agents than anonymous ones. They propose 

that affective reactions of any type are stronger toward an identified than toward an unidentified target. 

This might explain why the ER creates reciprocity rather than free-riding in a setting with identified 

participants. In practice, when a reward for conservation is proposed to a community, participants 

know, at least by sight, who the other ones are. Therefore, an egalitarian reward won’t have the same 

negative effect on conditional cooperativeness as in Narloch et al. 
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Two focus groups were conducted after the games to understand the results and farmers’ decisions. 

When they were asked what they were thinking about the egalitarian reward they said they didn’t like it 

because the other members of the group could “take advantages of their efforts without doing some 

themselves”. This underlines a lack of trust between farmers when the ER is introduced: they are afraid 

of the others taking advantage of them when what really happens is the opposite, the ER creates 

reciprocity. The relative “ineffectiveness” of the ER compared to the PR in this context might therefore 

come partly from a lack of trust between farmers. In a context where trust is stronger, the ER might 

perform better. The PR, on the other hand, does not rely on trust since farmers cannot take advantage 

of their peers’ efforts. This “trust” effect of the ER can be confirmed by looking at the interaction term 

between variables “family” and “ega_reward” in the regression. The reward performed significantly 

better when group peers came from the same family. There might be two reasons for this effect. First, 

farmers from the same family trust each other so they are not afraid of being used and cooperate. This 

explanation would confirm the previous conjecture that the level of trust within participants impacts the 

effectiveness of the ER. Second, as farmers share the benefits of the game with their family, cooperation 

brings benefit twice, directly to them and indirectly through their family having higher payoffs. So if they 

cooperate, they will benefit twice from their cooperation: they will have higher payoff and their family 

too. Our design does not allow us to identify clearly the role of trust within a group in the level of 

conservation. However it seems to be the more logical explanation. 

(ii) Communication effect on the reward effectiveness 

Results 

The possibility for farmers to communicate can impact conservation efforts and it can also affect the 

egalitarian reward effectiveness. 

Communication alone impacts conservation decisions through three different channels. First, 

communication itself has a direct positive impact on conservation efforts. Second, communication 

crowds-out instrinsic motivations: farmers who had initially strong intrinsic motivations cooperate less 

with face-to-face communication than they would do otherwise. Third, allowing farmers to discuss 

creates free-riding. Therefore communication has globally no or little impact on conservation decisions.  

Also, and more importantly, the possibility to discuss within a group has a positive impact on the 

egalitarian reward effectiveness.  

Discussion 

Experimental and behavioral economists offer several reasons why communication may foster 

cooperation (Ostrom 1998, Velez et al. 2005, Ahn et al. 2004, Shankar & Pavitt 2002). One of these 

reason it that through communication, subjects can exchange information on the game and on what 

would be optimal to do. Additionally, it would allow group members to coordinate their actions and to 

commit to cooperate leading to a positive direct effect of communication on individual contributions. 

Ostrom (1998) states that this effect has been shown to be negligible in CPR experiment (CITE). However 

it appears in our experiment as can be seen through the direct positive impact of communication on 
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conservation levels. This impact may come from the fact that coordination is an important feature of our 

game: farmers need to reach the threshold to obtain public benefits and eventually payments.  

Another frequently argued reason is that communication may strengthen social norms such as trust 

(which in turn may affect expectations of others’ behavior) or cooperative social norms. It may also 

reduce social distance among group members and therefore help develop group identity. All these 

effects should result in an increase of reciprocity among group peers rather than in the observed 

increase in free-riding. Nevertheless, Ostrom pointed out that when it becomes difficult to monitor 

individual contributions communication becomes less efficacious. The increase in trust and reciprocity 

may therefore depend on the ability to identify who cooperated and who did not. In our experiment it 

was always possible for a farmer to hide his decisions. This let the possibility for clever an unscrupulous 

individuals to free ride while convincing the other to cooperate.  

Another explanation for the free-riding effect of communication may be that it allows farmers to know 

more about their group peers. Bohnet and Frey (1999) studied the level of compliance with the social 

norm in ultimatum and dictator games. They showed that when communication is introduced, subjects 

deviate from the social norm. They argue that dialogue transforms the interactions between players into 

a personal relationship where the norm can be substituted by interaction specific rules. This might 

explain why communication created free-riding and crowds out intrinsic motivations to conserve. 

Overall PES may therefore be more effective than communication to increase the level of cooperation.  

As for the interaction between the ER and communication, we observe a positive complementarity 

effect.  When farmers can talk before taking their individual decisions, receiving an egalitarian reward 

increases conservation efforts. When the ER is introduced, the threshold appears more salient and 

communication may help farmers to coordinate. It may also increase trust within farmers so that they 

don’t fear that the others will take advantage of them to receive the ER. As a result, in more realistic 

situations, in which farmers can talk together before deciding which varieties of quinoa to sow on their 

land plot, the egalitarian reward becomes effective. 

3. Conclusions 

Here, we have proposed a new type of proportional reward conditional on the community effort. It is 

different from the reward introduced by Narloch et al. (2012) as it provides incentives for collective 

action while still rewarding individual conservation efforts. This kind of payments could be particularly 

adapted to biodiversity protection as public benefits from biological diversity may arise only if the 

regional level of conservation is sufficient.  

Two main conclusions can be drawn from this experiment. The first one has to do with how PES schemes 

should be designed to be effective. This paper shows that collective rewards, as supportive rather than 

controlling instruments, may work to increase conservation level. However, the way a collective reward 

is shared among community members is going to affect its effectiveness. In our experiment we showed 

that proportional rewards are globally more effective than egalitarian rewards. This remains true even if 

proportional rewards crowds out intrinsic motivations to conserve and egalitarian rewards foster 

reciprocity by triggering guilt and gratitude feelings. The second conclusion is that communication and 
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egalitarian rewards, even if not effective independently, strengthen each other. It suggests that rewards, 

which may appear ineffective in some experiments, might increase conservation in real situations where 

farmers communicate repeatedly with each other.  

Also, these results depend on the setting chosen and more precisely on the information provided to 

farmers. As stated, Narloch et al. introduced the same egalitarian reward in a setting with anonymity 

and obtained different results. Field experiments used to evaluate the effectiveness of PES should 

therefore be designed as close as possible from the real context in which they take place. They should 

take into accounts repeated interactions between farmers as well as social distance within participants.  

Distributional issues are not the only fairness issues which may play a role in PES effectiveness. 

Procedural justice, defined as the fairness of the design and implementation of the payment process 

itself, is also important because it determines the feeling of individual self-determination. For instance, 

it could be argued that, in a more realistic setting, farmers would choose by themselves and collectively 

the sharing of a collective reward. As shown by Vollan (2008), the more farmers feel involved in the 

choice of the instrument implemented, the more effective it will be. What would have happen then if 

the sharing of the reward had been decided by the groups themselves? Would group peers choose an 

egalitarian reward rather than a proportional one? And more importantly would the group choice be the 

one of the majority, or of some leaders?  
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  Conservation of player i : XTit 

Conservation of 

the others: ∑XTjt 
0 1 2 3 4 

0 48 38 28 18 8 

1 48 38 28 18 8 

2 48 38 28 18 8 

3 48 38 28 18 36 

4 48 38 28 46 40 

5 48 38 56 50 44 

6 48 66 60 54 48 

7 76 70 64 58 52 

8 80 74 68 62 56 

9 84 78 72 66 60 

10 88 82 76 70 64 

11 92 86 80 74 68 

12 96 90 84 78 72 

 

 

Table b: Payoff table with the CER 

  Conservation of player i : XTit 

Conservation of 

the others: ∑XTjt 
0 1 2 3 4 

0 48 38 28 18 8 

1 48 38 28 18 8 

2 48 38 28 18 8 

3 48 38 28 18 43 

4 48 38 28 53 48 

5 48 38 63 58 53 

6 48 73 68 63 58 

7 83 78 73 68 63 

8 88 83 78 73 68 

9 93 88 83 78 73 

10 98 93 88 83 78 

11 103 98 93 88 83 

12 108 103 98 93 88 

 

Table c: Payoff table with the CIRI 

  Conservation of player i : XTit 
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Conservation of 

the others: ∑XTjt 
0 1 2 3 4 

0 48 38 28 18 8 

1 48 38 28 18 8 

2 48 38 28 18 8 

3 48 38 28 18 52 

4 48 38 28 58 56 

5 48 38 64 62 60 

6 48 70 68 66 64 

7 76 74 72 70 68 

8 80 78 76 74 72 

9 84 82 80 78 76 

10 88 86 84 82 80 

11 92 90 88 86 84 

12 96 94 92 90 88 

 

 

 

Table d: Set of best private strategies and of Nash equilibria 

 

 
Baseline/communication 

Game 
Egalitarian reward Proportional Reward 

Set of best private 

strategies 
Xit є {0,1,2} Xit є {0,1,2,3} Xit є {0,1,2,3,4} 

Set of Nash equilibria 

{0,0,0,0}; {1,2,2,2} 

 

{0,0,0,0}; {0,1,3,3}; 

{0,2,2,3}; {1,1,2,3}; 

{1,2,2,2} 

 

{0,0,0,0}; {0,0,3,4}; 

{0,1,2,4}; {0,1,3,3}; 

{0,2,2,3}; {1,1,1,4}; 

{1,1,2,3}; {1,2,2,2} 

Equilibrium denoted {1,2,2,2} means one player assigns one unit of land to the conservation of the 

traditional variety and the others conserve 2 units of land. It is the same as equilibria {2,1,2,2},  {2,2,1,2} 

or {2,2,2,1}. 


