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Abstract 

Monitoring and enforcement are perhaps the biggest challenges in the design 

and implementation of environmental policies in developing countries where the actions 

of many small informal actors cause significant impacts on the ecosystem services and 

where the transaction costs for the state to regulate them could be enormous. This 

dissertation studies the potential of innovative institutions based on decentralized 

coordination and enforcement to induce better environmental outcomes. Such policies 

have in common that the state plays the role of providing the incentives for organization 

but the process of compliance happens through decentralized agreements, trust 

building, signaling and monitoring.  I draw from the literatures in collective action, 

common-pool resources, game-theory and non-point source pollution to develop the 

instruments proposed here. To test the different conditions in which such policies could 

be implemented I designed two field-experiments that I conducted with small-scale gold 

miners in the Colombian Pacific and with users and providers of ecosystem services in 

the states of Veracruz, Quintana Roo and Yucatan in Mexico. This dissertation is 

organized in three essays.  

The first essay, “Collective Incentives for Cleaner Small-Scale Gold Mining on the 

Frontier: Experimental Tests of Compliance with Group Incentives given Limited State 

Monitoring”, examines whether collective incentives, i.e. incentives provided to a group 
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conditional on collective compliance, could “outsource” the required local monitoring, 

i.e. induce group interactions that extend the reach of the state that can observe only 

aggregate consequences in the context of small-scale gold mining. I employed a framed 

field-lab experiment in which the miners make decisions regarding mining intensity. 

The state sets a collective target for an environmental outcome, verifies compliance and 

provides a group reward for compliance which is split equally among members. Since 

the target set by the state transforms the situation into a coordination game, outcomes 

depend on expectations of what others will do. I conducted this experiment with 640 

participants in a mining region of the Colombian Pacific and I examine different levels of 

policy severity and their ordering. The findings of the experiment suggest that such 

instruments can induce compliance but this regulation involves tradeoffs. For most 

severe targets – with rewards just above costs – raise gains if successful but can collapse 

rapidly and completely. In terms of group interactions, better outcomes are found when 

severity initially is lower suggesting learning.   

The second essay, “Collective Compliance can be Efficient and Inequitable: Impacts of 

Leaders among Small-Scale Gold Miners in Colombia”, explores the channels through which 

communication help groups to coordinate in presence of collective incentives and 

whether the reached solutions are equitable or not. Also in the context of small-scale 

gold mining in the Colombian Pacific, I test the effect of communication in compliance 

with a collective environmental target. The results suggest that communication, as 
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expected, helps to solve coordination challenges but still some groups reach agreements 

involving unequal outcomes. By examining the agreements that took place in each 

group, I observe that the main coordination mechanism was the presence of leaders that 

help other group members to clarify the situation. Interestingly, leaders not only helped 

groups to reach efficiency but also played a key role in equity by defining how the costs 

of compliance would be distributed among group members.  

The third essay, “Creating Local PES Institutions and Increasing Impacts of PES in 

Mexico: A real-Time Watershed-Level Framed Field Experiment on Coordination and 

Conditionality”, considers the creation of a local payments for ecosystem services (PES) 

mechanism as an assurance game that requires the coordination between two groups of 

participants: upstream and downstream. Based on this assurance interaction, I explore 

the effect of allowing peer-sanctions on upstream behavior in the functioning of the 

mechanism. This field-lab experiment was implemented in three real cases of the 

Mexican Fondos Concurrentes (matching funds) program in the states of Veracruz, 

Quintana Roo and Yucatan, where 240 real users and 240 real providers of hydrological 

services were recruited and interacted with each other in real time. The experimental 

results suggest that initial trust-game behaviors align with participants’ perceptions and 

predicts baseline giving in assurance game. For upstream providers, i.e. those who get 

sanctioned, the threat and the use of sanctions increase contributions. Downstream users 

contribute less when offered the option to sanction – as if that option signal an 
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uncooperative upstream – then the contributions rise in line with the complementarity 

in payments of the assurance game.  
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1. Introduction  

Natural resources are the basis of the livelihoods of many rural populations 

within the developing world. It has been widely studied in the literature how, despite 

the negative predictions of the ‘tragedy of the commons’ (Hardin 1968), institutions for 

self-governance have evolved allowing communities to manage and sustain the flow of 

benefits from common pool resources over time (e.g. Ostrom 1990; McKean 1992; Baland 

and Platteau 1996). There are still, however, settings of natural resources use where self-

governance institutions may not evolve on its own, or at least not account for other 

actors that are affected by the decisions of local users. This is the case, for instance, of the 

positive and negative externalities that flow downstream within watersheds. In these 

situations, states (or others) have to step in to provide the required incentives to guide 

behavior in the right direction.   

Nevertheless, setting the correct incentives is perhaps half way in the process of 

reaching the desired environmental outcomes through policy interventions. Monitoring 

and enforcement are huge challenges in the design and implementation of 

environmental policies in developing countries where many of the activities that impact 

the provision of ecosystem services take place in rural frontiers characterized by 

widespread poverty, low state presence and many small actors interacting in complex 

networks of informal markets and institutions. Transaction costs for the state of 

monitoring, enforcement and exclusion are enormous in these contexts. Additionally, 
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watersheds have their own monitoring challenges since observing individual behavior 

or attribute environmental outcomes to individual actions is in many cases extremely 

costly or even impossible. This is why there is a significant body of literature that has 

addressed the challenges involved in non-point source pollution, due for instance, to 

agricultural runoff (e.g. Segerson 1988; Segerson 1999; Xepapadeas 1991). 

This dissertation has the purpose to address some of the issues involved in the 

provision of ecosystem services within watersheds, where multiple actors interact, make 

decisions and produce outcomes and where the full internalization of externalities is a 

challenge due to the difficulties involved in monitoring individual behavior. This 

dissertation is organized in three chapters that, using economic experiments in the field, 

explores the potential of policy instruments based on collective incentives and within 

group interactions to induce voluntary compliance with environmental policies in the 

contexts of small-scale gold mining in Colombia and of local payments-for-ecosystem-

services (PES) mechanisms in Mexico.  

The experiments designed here resemble real-life situations where there are 

tensions between individual incentives and social outcomes. Nevertheless, instead of 

modeling interactions as prisoners’ dilemmas where cooperation is never a dominant 

strategy, incentives here are set up in such a way that cooperation is rational as long as 

participants expect enough others to cooperate. In other words, these are coordination 

games - also known as assurance or stag-hunt games (Skyrms 2004) - characterized by 
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the presence of both efficient and inefficient equilibria. Coordination in the efficient 

equilibria would depend on initial trust and expectations but also on its evolution 

though playing. In this regard, one of the key differences in modeling situations as 

coordination games as opposed to prisoners’ dilemmas is that changes in aspects such as 

believes, expectations, trust, social norms - not necessarily economic incentives -  may 

move participants towards the social optimum.  

Such experiments were conducted with relevant populations in the field and 

were framed as the real situations that such participants face: mining intensity in the 

case of small scale gold miners in the Pacific Region of Colombia and payments for 

ecosystem services (PES) transactions in the case of real users and providers of 

hydroservices in the states of Veracruz, Quintana Roo and Yucatan in Mexico1. The use 

of economic experiments can help to explore institutions that do not yet exist, and so 

cannot yet be observed in the field, or may exist but are hard to study empirically. They 

have been used to test institutional alternatives in settings where other empirical 

alternatives to examine the effects of institutions are not available. These economic 

experiments were complemented with post-experimental surveys, focus groups and in-

depth interviews in an effort to understand the context where the participants make 

their real decisions and how their real-life perceptions affect their behavior in the games. 

                                                      

1 This kind of experiments could be broadly classified as field-lab experiments or according to Harrison and 

List (2004) taxonomy as framed field experiments.  
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More than 1300 people, including small-scale gold miners, farmers and urban water 

users participated in these field-lab experiments.  

In the first essay of this dissertation, “Collective Incentives for Cleaner Small-Scale 

Gold Mining on the Frontier: Experimental Tests of Compliance with Group Incentives given 

Limited State Monitoring”, joint work with Alex Pfaff and Maria Alejandra Velez, we 

explore the potential of collective rewards conditional on compliance with an 

environmental target to induce miners to produce cleaner and reduce impacts 

downstream. We examine different levels of target difficulty and their ordering. We find 

that such instruments can induce compliance and the potential for actual regulation is 

supported by qualitative learning within interviews and focus groups. Yet regulations 

involves tradeoffs. For more severe targets, when collective rewards barely outweigh the 

total costs of compliance, coordination can rapidly and completely collapse. Group 

learning about efficient coordination is suggested by better outcomes, for a given 

severity level, if groups earlier faced lower severity.  

Observing the potential in improving welfare, we wonder about the distributive 

effects of such a policy based on collective outcomes and rewards. Thus, in the second 

essay, “Collective Compliance can be Efficient and Inequitable: Impacts of Leaders among Small-

Scale Gold Miners in Colombia”, also with Alex Pfaff and Maria Alejandra Velez, using the 

basic experimental setup of the previous essay, we explore the channels through which 

communication help groups to coordinate in presence of collective incentives and 
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whether the reached solutions are equitable or not. We are interested in details of equity 

which we think are much less studied for collective action. We find that communication 

aids efficient coordination, as expected. It also raises equity on average but in contrast to 

(implicit) expectations, it does not always raise equity – and inequity can be stable. We 

focus on the role of “leaders”, whom by observing communications we can identify as 

playing central roles in leading groups towards the efficient or inefficient outcomes they 

achieve. Those leaders at the same time are establishing how the costs of group 

compliance will be distributed.    

The idea of collective incentives for environmental protection may be relevant 

not only due to the transaction costs of monitoring as in the case of small-scale gold 

mining but it also could be relevant in the context of PES due to the collective property 

of an important percentage of forested lands in some regions of the world. Mexico is one 

of particular importance given that most of its forests are under collective titles, as ejidos 

or comunidades (Antinori and Bray 2004) and over half of PES participants live in 

communally held and governed lands (Alix-Garcia et al 2015). The third essay, “Creating 

Local PES Institutions and Increasing Impacts of PES in Mexico: A Real-Time Watershed-Level 

Framed Field Experiment on Coordination and Conditionality”, joint work with Alex Pfaff 

and Elizabeth Shapiro, studies the incentives involved in the creation of local PES 

mechanisms and the reactions to the increased conditionality upstream. To explore 

institutional creation, with conditional sanctions, we implement assurance games that 
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employ a PES frame and cell phones to link downstream and upstream participants 

from Fondos sites in Xalapa (Veracruz State), Merida (Yucatan State) and Cancun 

(Quintana Roo State). We find participants' stated perceptions of their watersheds align 

with behaviors in initial trust games which, in turn, predict assurance baselines. 

Upstream service providers, who can be sanctioned based on their contribution behavior 

by their downstream-peers, raise contributions given threats or uses of sanctions. 

Downstream service users contribute less right after having the option to sanction 

upstream participants, as if inferring uncooperative behavior upstream from the option, 

but then contributions rise over time after observing upstream’s real decisions. 
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2. Collective Incentives for Cleaner Small-Scale Gold 
Mining on the Frontier: Experimental Test of Compliance 
with Group Incentives given Limited State Monitoring 

2.1 Introduction  

Small-scale mining is an important economic activity within the developing 

world, including for many poor households. Yet it is controversial, given distributional 

and environmental tradeoffs. Though it is perceived by many rural poor as their best 

option, it can lower their quality of life as mining can be a health hazard for workers 

(and local communities), while gaining little surplus. In sum, while small-scale mining 

may well have a long future to go along with its long history as a frontier livelihood 

strategy, its net contribution to development is unclear given environmental and 

socioeconomic negative impacts (e.g., Hinton 2005; Hentschel et al 2003; Hilson 2003).  

Small-scale gold mining (SSGM)1 is said to involve perhaps 15 million people 

globally and to be the world’s largest mercury polluter, putting 100 million people at 

risk (Wade 2013): mercury accumulates in the food chain; and eating contaminated food 

puts people at risk of neurological damage and birth disabilities (National Research 

Council 2000, Davidson et al 2004). Further, mercury pollution is not SSGM's only 

environmental impact. SSGM is also an important driver of landscape change in regions 

of environmental importance like the Amazon (Asner et al 2013; Swenson et al 2011). 

                                                      

1 Small-scale mining can defined as “individual or collective labor-intensive mineral extraction with limited 

capital investments using basic tools, manual devices or simple portable machines” (Jonsson and Bryceson 

2009, p.249)   
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Additionally, alluvial or hard-rock mining requires the removal of important amounts of 

sand, gravel and rock, which contribute to both the sedimentation and the acidification 

of water sources. As SSGM depends on large amounts of water, its operations are 

usually close to water bodies, thus its emissions reach downstream populations (Shoko 

2003).  

Despite such impacts of unregulated private choice in SSGM, the sector has not 

necessarily been considered sensibly in local legal frameworks. For instance, command-

and-control measures that might be appropriate for the state's interactions with large 

companies have been suggested for regulating small miners − despite states’ obvious 

lack of ability to enforce such constraints upon scattered and small actors (Hinton 2005). 

This has yielded chaotic, open-access, unregulated and poorly organized mining (Shoko 

2003). Thus, improved governance clearly could raise welfare. Yet improved mining 

governance on the frontier is a challenge, given costs of enforcement by states and, for 

instance, the challenge of exclusion from rivers given that most mining is alluvial.  

Given high costs for states, local institutions and collective actions may be able to 

aid in SSGM's governance (Shoko 2003). They have been central in other common-pool 

resources (e.g. Ostrom 1990). Yet the incentives structure in common-pool resources 

settings differs from that in non-excludable settings for extracting mineral resources. In 

common pool, motivations for acting collectively can derive from being a user of the 

resource who gains from socially rational usage. In SSGM, in contrast, externalities are 
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not due to rivalry in use but, instead, they are a function of how extraction occurs − with 

more or with less environmental impact (Saldarriaga-Isaza et al 2013). For such a 

resource, property rights alone will not necessarily internalize the externalities.  

States often play important roles in forcing internalization, but on frontiers, states 

are hampered by their high costs of monitoring. Yet they may use alternative institutions 

to induce compliance by creating incentives for conditional cooperation (‘quasi-

voluntary’ compliance for Levi 1988). Collective incentives, e.g., collective rewards that 

are conditioned on a certain aggregate level of contribution to public goods, may lead 

individuals to act based on what they expect others to do: if a person expects some but 

not all community members to contribute, e.g., then she may choose to contribute in case 

she is pivotal. Thus, making public good provision or retention conditional upon 

aggregate local compliance may induce compliance that is coordinated by the local 

agents. Under such approaches, states may effectively locally 'outsource' required 

detailed monitoring, reducing regulatory information burdens. Compliance would 

depend upon groups' interactions.  

Conditioning on aggregate compliance – that states can detect − follows the 

thoughts underlying other joint liability institutions, such as microcredit in developing 

countries where large banks cannot feasibly monitor households (e.g. Armendáriz and 

Morduch 2007), and those behind the targeting mechanisms proposed within literatures 

about moral hazard in groups (e.g., Holmstrom 1982), non-point source pollution (e.g. 
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Segerson 1988; Xepapadeas 1991) and threshold public goods (e.g., Bagnoli and McKee 

1991; Cadsby and Mayness 1999). When individual behavior is difficult to observe 

and/or to enforce, external interventions based on some aggregate measurable in 

principle still may provide incentives for compliance, working through group 

interactions.  

We use field-lab experiments in a mining region of Colombia to explore potential 

for inducing compliance with an environmental policy target through implementation of 

collective incentives. The state sets collective targets, verifies compliance and provides 

group rewards for compliance. Rewards are split equally among members of a group, 

independent of the individuals' choices. Community members decide through their 

behaviors, coordinated or not, whether compliance is achieved and, if so, what each 

contributes. We hypothesize that groups certainly could achieve efficient collective 

coordination given incentives that are collective due to state monitoring costs. However, 

success is likely to depend on the difficulty of pollution targets − and even the ordering 

in which such difficulty is introduced.  

We use a framed experiment (not actual intervention) in the field with 640 

inhabitants of mining communities in the Colombian Pacific. We study compliance and 

individual actions given environmental targets difficulty and the temporal ordering of 

difficulty when a sequence of targets is employed. We find that such instruments can 

induce groups to comply with the chosen target. Nevertheless, for more severe targets, 
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when collective rewards barely outweighs the total costs of compliance, coordination 

can rapidly and completely collapse. Group learning about efficient coordination is 

suggested by better outcomes, for a given severity level, if groups earlier faced lower 

severity.  

This chapter is organized as follows. Section 1.2 discusses relevant literature, 

both theoretical and experimental. Section 1.3 describes our experimental design and 

setting, while Section 1.4 presents our results and finally Section 1.5 presents our 

conclusions and discusses policy implications.  

2.2 Literature 

2.2.1 Collective Incentives with Exogenous Targets and Compliance 

When it is difficult or impossible to observe individual behavior or to infer it 

from outcomes, we face a moral hazard problem. If outcomes depend on the joint 

decisions of a group of agents, there is an issue of moral hazard in groups, characterized 

by incentives to free-ride (Holmstrom 1982). It arises in different situations such as effort 

in work teams, private contributions to public goods, common-pool resources and non-

point source pollution. Such situations are characterized by a difference between the 

individually and the socially optimal actions. Therefore, some sort of institutions, either 

exogenous or endogenous, are required to induce socially optimal behaviors. Some of 

the instruments proposed to solve this problem, such as ambient-based pollution control 
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instruments, rely upon group performance incentives to induce the desirable level of 

compliance. 

Ambient instruments address the inability of individual-emissions-based 

instruments to deal with non-point pollution, due to unobservability of individual 

emissions when multiple agents cause pollution. Segerson's (1988) seminal paper 

proposes an ambient-quality-based policy combining a fixed fine (subsidy) and an 

incentive that is proportional to the difference between the level of ambient pollution 

and an exogenous target level (corresponding to socially optimal  emissions)2. 

Segerson’s case is analogous to Holmstrom (1982), where free-riding in joint production 

can be removed by incentives for collective compliance. The principal’s (e.g., the state’s) 

role is not one of monitoring individuals but rather of administering incentives to agents 

that break the budget-balancing constraint, i.e., allow total payments in the game to 

differ from polluters’ joint output which means providing subsidies or penalties. 

Xepapadeas (1991) adds to such a set of instruments a random fine that in total can 

avoid breaking budget balance.  

Such instruments could be used in isolation or as background threat in the case 

of noncompliance with an ambient-pollution rule (Segerson and Wu 2006; Segerson 

1999). A voluntary program of this sort could be designed so that a subsidy is offered by 

                                                      

2 Different parameters within such an instrument generate the different options for collective incentives 

instruments: a pure ambient/tax subsidy scheme; a pure ambient tax scheme; a group fine (or subsidy); or a 

mixed scheme.  
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the regulator to induce participation by all agents in a Nash equilibrium (Segerson 

1998)3. From a different perspective, Levy (1988) proposes a similar combination of 

policies in order to induce compliance. She argues that states could induced citizens to 

comply with payment of taxes through coercion, norms and ideology, or, alternatively, 

through the use of group incentives that promote conditional cooperation, backed up 

with coercion if a target is not collectively met (she calls this ‘quasi-voluntary’ 

compliance).  

Thus, provision or retention of a collective reward (distributed equally across 

group members) that is conditional upon aggregate compliance the state may induce 

'quasi-voluntary' compliance coordinated across agents4. Lumpy public goods, which 

require a certain level of contribution for any collective good, may lead to strategies 

based what one expects others to do: if one expects some but not all to contribute, e.g., 

one may comply in case he is pivotal. Therefore, cooperation would be conditional, i.e., 

an agent would comply if he expects that enough others would do so. Group 

                                                      

3The key difference between voluntary and mandatory approaches is where the burden of responsibility for 

meeting the standard lies. While in mandatory approaches the burden of the responsibility is placed on the 

agents such that the regulator can impose cost on them (e.g. penalties, taxes), in voluntary approaches the 

burden is on the regulator who has the responsibility to induce agents to participate. Payments for 

ecosystem services (PES) are examples of voluntary approaches to environmental protection (Segerson 2013, 

1999).   
4 In the case of SSGM, improved property-rights institutions for local land or mining rights could be some 

sort of collective reward that the state can provide to agents conditional on compliance. We emphasize here 

the property rights since in interviews we were told that this would be the most highly valued. There are 

also experiences in the context of formalization programs in developing countries where renewable mining 

permits are contingent to conditions such as non-mechanization, avoidance of the use of mercury and 

exclusion of child labor (Hinton 2005). 



 

14 

responsibility within such collective instruments may induce agents to make agreements 

to ensure that the standard for the collective reward would be met voluntarily (Segerson 

1998), creating incentives for monitoring and sanctioning (Segerson 1998; Miceli and 

Segerson 2007).  

2.2.2 Experimental Literature: Non-point Source Pollution and 
Threshold Public Goods 

Good design of such instruments could make social optima achievable as 

subgame-perfect Nash equilibria. However, while for some instruments (e.g., a pure 

ambient) it could be a unique Nash equilibrium, lump-sum group fines or rewards entail 

coordination problems due to the presence of multiple Nash equilibria. Given the 

difficulties of observing naturally occurring situations of this sort in the field for 

empirical study, lab experiments have been used to study ambient-based instruments 

(e.g., Cochard et al 2005; Alpízar et al 2004; Spragon 2002) and threshold public goods 

(e.g. Bagnoli and McKee 1991; Suleiman and Rapoport 1992; Cadsby and Maynes 1999). 

Such instruments help to deal with moral hazard and free-riding in non-point 

pollution problems. Here, threshold or ‘provision point’ public goods are considered as 

a modification upon a typical voluntary contribution mechanism for providing public 

goods5. Such an institution involves a discontinuity, in that if the group contributions in 

total do not meet the specified aggregate level – the threshold or provision point – the 

                                                      

5 The provision-point set up differs from the threshold case in that contributions above the provision point 

are not wasted, but result in further group benefit (Cadsby and Mayness 1999).  
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return is zero. At or above this critical level, however, the returns from contributions are 

positive. Different incentives with a threshold or provision point imply, specifically, that 

with the threshold not contributing is no longer the dominant strategy. Under such a 

threshold regulatory environment, a group member has an incentive to contribute if she 

expects that others will also contribute (Isaac et al 1989; Ledyard 1995). Thus, by setting 

a target in a public goods problem, the social dilemma is transformed into a 

coordination problem.  

Coordination has its own challenges, though, as subjects’ beliefs or expectations 

of others will determine behaviors and outcomes. A threshold is not always enough to 

get efficient provision of public goods or compliance. Factors like the policy severity, 

learning, the information available regarding contributions and other aspects of 

institutional design affect impacts of mechanisms. Harder thresholds increase 

contributions but also the probability that a target will not be reached (Ledyard 1995; 

Suleiman and Rapoport 1992; Cadsby and Mayness 1999). Contributions rise when not 

restricted to be all-or-none (Suleiman and Rapoport 1992; Cadsby and Mayness 1999). 

Learning, however, has an ambiguous effect in efficiency. While some experimental 

studies have found that the frequency of deviations from the efficient coordinated 

outcome diminishes with experience (Alpízar et al 2004), others have found just the 

opposite result (Suleiman and Rapoport 1992).  
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Most such experiments have been with students. Alpízar et al (2004) test for 

differences among field subjects – coffee mill managers – and students and reject that 

they behave equally. Reinchuber et al (2009) test the use of non-point mechanisms for a 

common-pool resource. They do so with Ethiopian farmers whose harvesting of non-

timber forest products is not individually observed. They note that decisions in the first 

period determine, to a great extent, the behaviors in the following periods, 

independently of the instrument used. For threshold public goods – and in the context of 

SSGM in particular – Saldarriaga-Isaza et al (2015) examine the feasibility of ‘associative 

entrepreneurship’ (i.e., the creation of small-scale miners’ associations) as one way of 

accessing more environmentally friendly technologies6. They conducted an experiment 

with small-scale miners in Colombia and found that miners’ contributions would not 

allow a sustained acquisition and use of the technology. However, institutions that 

fostered collective action, such as co-management, helped miners to achieve long-lasting 

and efficient levels of contributions. 

2.3 Setting 

Small-scale gold mining is often de facto open access, without effective property 

rights (Shoko 2003), and that holds in Colombia. Formally, the state owns the subsoil 

and grants concessions. The reality is quite different. Formal companies produce about 

                                                      

6 Such as continuous mills and methods of gravimetric concentration. Since such technologies are an 

expensive investment for an individual miner, associations have been proposed as a way to raise the funds 

to acquire the technologies.  
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30% of the gold in the country; thus 70% is produced by small-scale miners lacking 

permits (Sarmiento et al 2013). It is said that Colombia has about 180,000 small-scale 

gold miners (Cremers and de Theije 2013) generating the highest per-capita mercury 

emissions in the world (Siegel 2013)7. Per the Colombian Mining Census, 86% of metallic 

mineral production is in small production units without a mining title (Cabrera and 

Fierro 2013). Half of the gold produced is from the Pacific region and over 90% of that 

comes from small-scale, informal mining (Sarmiento et al 2013, Giraldo and Munoz 

2012).  

Colombia's Pacific region is inhabited mainly by Afro-Colombian communities 

with collective land titles managed by community councils with locally elected 

representatives that are formally recognized as responsible for management of natural 

resources (Velez 2011)8. SSGM is part of the culture and is a leading economic activity 

(Sarmiento et al. 2013). Community councils are crafting rules to regulate SSGM, 

including revenue sharing between miners and communities. They could propose 

instruments like that in our experiment: a group reward offered by the state, conditional 

on collective compliance with an environmental target within any council’s territory.  

                                                      

7 It is important to note that the type of techniques used in different regions in the country widely vary 

including the use mercury and other chemicals. While mercury is a widespread practice of, for instance, 

migrant miners, some Afrocolombian and other local communities have strong social norms against the use 

of mercury (Sarmiento et al 2013, field work interviews in Colombia 2013 and 2014 and post-experimental 

focus groups and surveys).  
8 See Velez (2011) about the process of institution building regarding collective territories in the Colombian 

Pacific. To date, more than five million hectares have been collectively granted to more than 156 

communities.  
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We worked with main mining communities in rural areas of the municipality of 

Buenaventura, Colombia's main Pacific port. Despite Buenaventura’s economic 

importance, poverty is a feature of the rural areas of the municipality, as well as of most 

of the Pacific region of the country. SSGM is the only economic alternative for an 

important share of the population. Buenaventura’s rural communities are organized in 

45 community councils on the coast, along the rivers or along the roads that connect the 

port with inner cities. The communities where mining is an activity of economic 

importance are along rivers or roads. We focused on the main mining communities 

along the roads (‘old’ and ‘new’ road) for these experiments.9   

SSGM's history varied in these communities. The ‘new road’ is characterized by 

migrant miners using heavy machines and mercury for gold production. The ‘old road’ 

is characterized by the prevalence of local miners. The encroachment of migrant miners 

is a feature of alluvial gold, given the challenge of exclusion from rivers. There is, then, a 

sharp divergence between formal state property rights for subsoil resources and de facto 

open access to most alluvial deposits. Unlike within the ‘new road’ zone, where migrant 

miners entered the territory without the authorization of the community ethnic 

authorities (councils), in the ‘old road’ zone the presence of external miners – and their 

machines – is negotiated through the community councils. In some agreements, councils 

                                                      

9 In both ‘road’ and ‘river’ communities, mining is alluvial. The labels refer to the means of transportation. 

While the former are connected to cities through roads, the rivers are the only means of transport for river 

communities.  
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require a percentage of the gold extracted, as compensation for allowing external miners 

in their territory, i.e., they capture rent. Such agreements are not ‘legal’ in the sense that 

the Colombian legal framework declares that the mineral resources belong to the state. 

Due to state incapacity to regulate SSGM in the field, community councils play a 

regulatory role with mixed success in controlling mining impacts and sometimes very 

asymmetric power versus external actors10. It is important to note that in our 

experiments, only local miners participated.  

2.4 Experimental Design and Implementation 

2.4.1 Design  

As SSGM is a subsistence activity for most rural poor, it is hard to expect the 

miners to be liable, i.e., to face costs based on their decisions. We consider collective 

rewards or public goods that would benefit each miner but could not be produced by 

miners through voluntary contributions. Thus, in our experiment the state sets the 

aggregate target, verifies collective compliance with it and, conditional on compliance, 

provides a collective benefit equally distributed among miners.  In reality, aggregate 

measures of environmental quality could be of total mercury in a sample of river water, 

downstream from a mining region, or total area deforested seen in satellite data.  

                                                      

10 From field work interviews in Colombia in 2013 and 2014 and post-experimental focus-groups and 

surveys.  
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We framed individual choices in terms of the number of pumps used, a measure 

of intensity other than mercury (or other pollution), as among community members 

there is strong opposition to mercury11.The total number of pumps can be understood as 

a proxy for sedimentation, land degradation and deforestation. This kind of 

environmental damage is directly proportional to the number of machines12. In general, 

output reduction is the only abatement technology available. Our experiment involves 

external damage, that is, we assumed a downstream externality for the impacts of 

sedimentation13. 

Participants played in groups of five (5) miners, each deciding on the intensity of 

the technology (number of pumps) they want to use. Miners choose between 0, 1, 2 or 3 

pumps. Mining using 0 pumps means mining using only pan and other artisanal tools 

(not machines). The collective target for a group is a total number of machines that we 

vary according to the treatment (either 0, 5 or 10 pumps). If aggregate pumps are at or 

                                                      

11 To select communities and the framing for the experiment, we first characterized the mining communities 

of the area of Buenaventura using secondary information. Then, we interviewed leaders of those 

communities and local authorities to elucidate the relevant characteristics of those communities and the 

features of small-scale mining. 
12 This brings us back to non-point-pollution instruments, as input taxes are an alternative to ambient taxes 

when the inputs are individually observable and are a dependable indicator of emissions. Pumps are an 

input that is observable but the cost of observing them and then determining who owns them is enormous 

within such distant communities.  
13 Putting this in terms of Giordana and Willinger (2013)'s survey of experiments on non-point pollution, we 

do not have internal damage to group members from the negative externalities (e.g. Corchard et al 2005). 

Damage is purely external, implying no interactions among these firms other than those created by the 

incentive (e.g. Spraggon 2002).  
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below the limit, a collective reward is granted to the group and equally distributed 

among all of the group's members, independently of their individual choices.  

Figure 1 shows the payoffs awarded for each alternative. The mining benefit for 

each level of intensity (number of pumps) is in the first column. The second column 

shows the individual's gains from the collective reward given compliance with the 

state’s limit on pumps. The third column sum up the other two, i.e., shows the 

individual's benefits for keeping the aggregate number of pumps at or below the state 

target. 

 

Figure 1: Payoffs Collective Rewards Experiment 
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Since this is a coordination game, there are multiple Nash equilibria, efficient and 

inefficient14. The efficient Nash equilibria could be symmetric or asymmetric. In the 

symmetric Nash equilibrium all individuals choose an equal amount of pumps to exactly 

reach the threshold (either 0, 1 or 2 for thresholds 0, 5, and 10) and in the asymmetric 

equilibria individuals can make unequal decisions that sum to exactly the group limit. 

The inefficient Nash equilibrium is for all individuals to choose 3 pumps. Treatments 

involving limits of 10 or 5 have both symmetric and asymmetric Nash equilibria. The 

zero pumps limit only has the two symmetric Nash equilibria of three pumps 

(inefficient) or zero pumps each (efficient).  

Individual incentives are affected by others’ choices and, thus, should be based 

on expectations. If all others in a group choose the socially optimal action, a player’s best 

response is the socially optimal action. However, one deviation may imply that it is in 

everyone’s best interest to deviate. As the aggregate limit of pumps decreases, the risk of 

others’ deviation increases with the costs of compliance (since the benefit of compliance 

is fixed). Efficient equilibria are more unstable: even a ‘small’ deviation from one 

participant should move all others towards the three pumps equilibrium. In particular, 

in the zero pumps limit, even the deviation of one person can ruin the collective effort 

and no individual player can counter this result by reducing her/his use of pumps.  

                                                      

14 An efficient Nash equilibrium in a threshold public goods game is any vector of individual contributions 

that (1) exactly sums the contribution threshold (efficiency constraint) and (2) does not involve any 

individual contributing an amount larger than his benefits from the public good (rationality constraint) 

(Crosson and Marks 1998; 2000).  
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In each period, participants marked their decisions on a card with the image in 

Figure 1. Each participant privately marked with an X the number of pumps he/she 

choose to use. A facilitator collected the sheets from each participant, summed pumps, 

and communicated the aggregate number of pumps and the individual earnings to each 

participant on the same card. Participants did not know in advance the number of 

rounds they would be playing, nor that at some point we would change the target level 

for aggregate pumps. We ran sessions of four or five groups but avoided contamination 

among the groups by communicating the total pumps and individual earnings to each 

participant using the decision card. One facilitator was in charge of each group and 

participants knew who the other four members of their group were. At the end of the 

session participants answered a survey about their socio-economic characteristics.  

2.4.2 Research Questions and Treatments 

We explore the robustness of the collective reward instrument in reducing the 

mining intensity by varying the target and the ordering of targets. We implemented a 

between-subjects design with six treatments: the non-policy baseline case; and five 

treatments limiting aggregate pumps: 

- five rounds of target = 10 followed by five rounds of target = 05 (labeled "10→05") 

- five rounds of target = 10 followed by five rounds of target = 00 (labeled "10→00") 

- five rounds of target = 05 followed by five rounds of target = 10 (labeled "05→10") 

- five rounds of target = 00 followed by five rounds of target = 10 (labeled "00→10") 

- five rounds of target = 00 followed by five rounds of target = 00 (labeled "00→00") 
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The last treatment explores to which equilibrium groups converge facing the 

strictest total target. For some groups, we framed the change in limit as the entrance or 

departure of external miners. However, we did not find any effect due to this framing. 

For that reason, for the analysis of the data, we pooled the treatments from specially 

framed and unframed experiments. Table 1 summarizes the treatments. 

 

Table 1: Treatments and Number of Participants Game 1 

 
Ordering of Aggregate Pump Targets No Policy 

 
10→05 10→00 05→10 00→10 00→00  

Framing 

threshold as 

externals 

entrance or 

departure 

60 people                       

(12 groups)  

40 people                       

(8 groups)  

55 people 

(11 groups) 
----- ----- ----- 

No framing 

threshold as 

externals 

entrance or 

departure 

120 people                       

(24 groups)  

55 people                       

(11 groups)  

60 people 

(12 groups) 

100 people 

(20 groups) 

100 people  

(20 groups) 

50 people 

(10 groups) 

 

2.4.3 Participants 

We recruited 640 inhabitants of the main mining communities in the rural area of 

Buenaventura through open invitations to all adults in the communities and, also, 

through community leaders. We allowed only one member per family to participate in 

each session and we split participants randomly across groups. Table 2 summarizes 

characteristics: 60.1% of participants were women, average age was 35.7 years, and 

67.9% participated in voluntary community activities on a regular basis. Regarding 

education, 6.9% have no formal education, 21.4% did not complete primary school, 
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12.4% did complete primary school but not more, 25.2% entered but did not complete 

secondary school, 23.9% actually completed secondary school and 10.2%went beyond 

secondary education. In addition, 75% are artisanal or small-scale gold miners. The 

average income in a good week is approximately US$153.4 and in a bad week it is 

US$22.1.   

Table 2: Socio-demographic Characteristics Road Communities 

 pooled 

by treatment 

none 10→05 10→00 05→10 00→10 00→00 

                

Age (years) 35.7 36.4 36.0 31.3 36.4 38.2 35.9 

Women (%) 60.1 54.0 63.9 62.8 63.5 60.0 50.0 

Voluntary participation (%) 67.9 66.0 66.1 53.2 66.9 73.0 81.8 

Education (%) 

 

            

None 6.9 10.0 8.3 5.3 7.0 5.0 6.0 

Primary Incomplete 21.4 22.0 25.6 14.9 20.0 20.0 23.0 

Primary Complete 12.4 14.0 11.7 7.4 16.5 14.0 11.0 

Secondary Incomplete 25.2 18.0 23.9 29.8 24.3 31.0 22.0 

Secondary Complete 23.9 20.0 24.4 28.7 26.1 15.0 27.0 

Technical or College 10.2 16.0 6.1 13.9 6.1 15.0 11.0 

Artisanal/Small Miner (%) 75.0 76.0 76.1 80.0 71.3 77.0 70.0 

Income, good week (US$) 153.4 115.7 153.0 212.1 116.3 161.9 149.8 

Income, bad week (US$) 22.1 21.2 17.0 31.5 19.4 19.6 29.2 
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Looking at sociodemographic variables across treatments, the baseline and the 

00→00 sessions featured a lower percentage of women; the 10→00 participants 

participate less in community activities than participants in other treatments; the 00→00 

participants have the highest rates of participation in community activities; and the 

10→00 participants are more educated and have higher earnings than other participants. 

2.5 Results 

2.5.1 Graphs and Descriptive Statistics 

Our core question is whether the collective reward induced groups to choose 

numbers of pumps lower than they would have otherwise − and perhaps even to 

achieve the state's targets. Figure 2 presents averages, for each round, for the sets of 

groups facing each of our sequences of targets.  

 

Figure 2: Mean per Treatment of Group Totals Game 1 
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To start, we note that in the no-policy or baseline treatment, groups average 

about 12 pumps, i.e., above any of our targets but lower than the maximum, which is the 

predicted aggregate outcome in absence of the collective incentive since the largest 

individual earnings are made by choosing three pumps. This could be explained by 

motivations other than economic earnings since, in the instructions, we explicitly said 

that more pumps imply more earnings but also more environmental damage. In 

comparison to this baseline, the total pumps with treatments essentially always was 

lower. 

Strikingly, the sets of groups closest to the baseline on average are those facing a 

target of zero pumps. When the limit is always zero (treatment 00→00), the groups' 

average pumps trend upward and equal the baseline in the last rounds. A limit of zero 

pumps means that the state allow miners only to use artisanal techniques. The fact that 

they choose more than zero pumps, and an increasing number of pumps over time, 

mean that miners just ignored the government because the target was intolerably severe. 

Average pumps always tend to increase for a target of zero pumps, though when a zero 

target follows a target of 10 there is a significant drop when the target shifts. Generally, 

for targets of 10 or 5 the groups' average total pumps tend to be close to the target. Thus, 

Figure 2 suggests potential from this instrument with twists for zero targets and 

ordering. 
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Table 3 provides further numerical detail for these means, across all the groups 

in a treatment, as well the success rates, i.e., the fractions of the groups in a treatment 

that collectively complied (for instance, while Figure 2 shows targets of zero generally 

failed, in fact some groups succeed). To start, the baseline is just under 12 pumps, 

consistent across rounds. All other means are lower. However, as noted, by the later 

rounds of all zero targets not only have most groups failed (86%) but also, relative to 

earlier rounds of all zero target with 85% failure, the total pumps have risen (this refers 

Table 3's 2nd row for the 00-00 treatment with columns for earlier and later rounds). 

Table 3: Average Group Totals and Success Rates Game 1, by Treatments and Stage 

  First Stage (rounds 1-5) Second Stage (rounds 6-10) 

  Mean Pumps Success Rate Mean Pumps Success Rate 

     

no policy 
11.74 

(2.32) 
 

11.84 

(2.61) 
 

00 → 00 
9.54 

(5.14) 

15.0% 

(0.36) 

11.14 

(5.0) 

14.0% 

(0.35) 

00 → 10 
9.38 

(5.47) 

20.0% 

(0.4) 

9.38 

(2.48) 

76.0% 

(0.43) 

10 → 00 
9.58 

(1.45) 

75.8% 

(0.43) 

1.73 

(2.99) 

55.8% 

(0.5) 

10 →05 
8.97 

(1.75) 

86.1% 

(0.35) 

5.15 

(1.4) 

66.7% 

(0.47) 

05 →10 
5.65 

(1.98) 

65.2% 

(0.48) 

8.71 

(1.41) 

92.2% 

(0.27) 

     

Standard deviation in parenthesis 
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Starting with the zero target does not have to condemn any group to future 

coordination failure. Table 3's 3rd row (00→10) starts with 80% failure of groups to 

achieve collective compliance, however when the target shifts to 10 on average the 

groups actually keep choosing the same number of pumps in average, with almost an 

80% success rate and some mild reduction versus baseline from this weak target.   

On the other hand, ordering of severities and the potential learning or building 

of group trust perhaps really can matter. Table 3's 4th row (10→00) does about the same 

for the weak target during its earlier rounds. Perhaps for a weak enough target a lot of 

trust building is not needed. Yet that early success may well help with a tougher target, 

as suggested by the later columns. Here, a drastically higher success fraction (55%) for 

the zero target implies far fewer pumps. 

Such an effect of earlier success with the weakest target of 10 (that is, the easiest 

target to meet) helps less in achieving a more challenging target of 5, i.e. the middle 

severity level. Table 3's 5th row has about the same performance for target 10, within the 

earlier rounds. Perhaps this is a slightly more cooperative group but, even for them, the 

success to the right of the 5th row, in later rounds, is similar to early rounds in the 6th 

row. We see also that, on average, the success for the middle target is lower than for the 

weakest.  

Further, given that there was a decent bit of success (with two thirds of groups 

able to comply) when facing the middle level of severity, it seems possible that this too 
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could help to build group trust. The last columns of Table 3's final or 6th row may 

suggest that this was the case for a 10 target: having mostly succeeded facing target 5, 

over 90% of times groups are successful for the target of 10. 

2.5.1.1 Toughest Target, Breakdown by Group 

Most groups facing the toughest (zero) target in initial rounds were not able to 

achieve the target, which for this target also is the sole efficient equilibrium: three of 

twenty groups in 00-00; and four of twenty in 00-10 (same treatment for early rounds as 

participants did not expect a change). Figure 3 and Table 4 focus on these groups to see 

how multiple equilibria − referring to baseline as an inefficient equilibrium − arose easily 

when coordination for efficient equilibria was harder. 

 

Figure 3: Means for Baseline and Treatments Starting with Zero Game 1 
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We separate successful from unsuccessful groups, by treatment. The latter (Table 

4, rows 2 & 3) start off in Rounds 1-5 with, mean total pumps essentially equal to the 

baseline with no policy, to the extent that the weakest policy (Rounds 6-10, 2nd row) 

lowers the average number of pumps. We know the weakest policy had an effect, as the 

3rd row shows that the passing of time alone, given the same toughest (zero) target, led 

to 100% failure and pumps rising even above baseline. 

That said, it is possible to succeed with the toughest target (Table 4, rows 4 & 5) 

and the 4th row suggests that the confidence gained can help a bit even for the weakest 

target, as success is 95%. Further, we can see (Rounds 6-10, 5th vs. 4th row) that, 

conditional on successful coordination, of course the toughest target has a far better 

environmental outcome, with far fewer total pumps. 

Table 4: Average Group Totals and Success Rates for Initial Targets of Zero Game 1 

  First Stage (rounds 1-5) Second Stage (rounds 6-10) 

  Mean Pumps Success Rate Mean Pumps Success Rate 

     

no policy 
11.74 

(2.32) 
 

11.84 

(2.61) 
 

00→10 (failure)  
11.69 

(3.24) 

1.3% 

(0.11) 

10.05 

(1.99) 

71.3% 

(0.45) 

00→00 (failure) 
11.19 

(3.57) 

1.2% 

(0.11) 

13.07 

(2.05) 

0.0% 

(0.0) 

00→10 (success)  
0.15 

(0.67) 

95.0% 

(0.22) 

6.7 

(2.52) 

95.0% 

(0.22) 

00→00 (success) 
0.2 

(0.77) 

93.3% 

(0.26) 

0.2 

(1.99) 

93.3% 

(0.26) 
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2.5.1.2 All Targets, Breakdown by Efficiency and Symmetry 

A challenge of using aggregate information for penalties or rewards is multiple 

equilibria, since it is clear that some subjects may free-ride on the compliance of others 

(Reichhuber et al 2009). Even when average behavior is close to what the state has 

indicated, some may contribute less and others more, yielding unequal payoffs. 

Corchard et al (2005) hypothesize that, knowing this, some will act in cautious fashion. 

That could, however, mean not contributing when assuming that others will not 

contribute enough or, instead, contributing more to make up for others. On the other 

hand, it may be that symmetric equilibria are a form of focal point for coordination. That 

could matter for a target of zero, where the only efficient equilibrium is symmetry at 

zero. 

Table 5 adds to success (or compliance) rates further analysis of how the success was 

achieved, in two senses: overcompliance versus efficient compliance in Nash with 

pumps equal the target; and, breaking that down, when the compliance was both 

efficient and symmetric. As noted, the severe target of zero, which has low success, is 

always efficient and symmetric when compliant. Thus, it can do as well or even better 

on symmetric efficiency than more successful treatments. 

Yet the biggest takeaway from Table 5 is of little symmetric efficiency, even given 

compliance, when more than one contributions vector could achieve efficient 

compliance or overcompliance.  The weakest target of 10 is most flexible, in the sense of 
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compliant vectors of individual actions. To first order, it generates only about one third 

of successes through efficient compliance plus, within those cases of efficient 

compliance, only about one third of groups acting symmetrically.  

Table 5: Compliance, Efficient Compliance and Efficiency Symmetric 

Compliance Game 1 

  Success (%) 
Efficient Nash For 

Success 

Efficient Nash & 

Symmetric 

  1st stage 2nd stage 1st stage 2nd stage 1st stage 2nd stage 

       

00→00 15.0% 14.0% 15.0% 14.0% 15.0% 14.0% 

00→10 20.0% 76.0% 20.0% 21.7% 20.0% 6.0% 

10→00 75.8% 55.8% 29.5% 55.8% 12.6% 55.8% 

10→05 86.1% 66.7% 30.6% 38.3% 10.0% 15.6% 

05→10 65.2% 92.2% 39.1% 30.5% 28.7% 3.5% 

 

2.5.2 Econometric Confirmations and Extensions 

To further explore the effects of our treatments, we do regressions for three 

group outcomes: total pumps; compliance; and change in pumps. Table 6 presents an 

OLS regression for pumps, clustered by group with robust standard errors. It confirms 

what earlier tables suggested: relative to the baseline, average pumps per group falls 2-3 

pumps for a target of 10 and 6-7 pumps for a target of 5. Thus, across the relatively more 

feasible targets, increasing stringency lowers pumps.  
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Table 6: Regressions for a Group Outcome Game 1: Total Pumps 

OLS regressions 
(1) (2) (3) (4) (5) 

      

1 if target = 10 -2.678*** -2.463*** -2.603*** -2.629*** -2.617*** 

 (0.700) (0.726) (0.764) (0.754) (0.773) 

1 if target = 5 -6.444*** -6.030*** -6.172*** -6.246*** -6.451*** 

 (0.705) (0.739) (0.739) (0.722) (0.751) 

1 if target = 0 -3.765*** -3.924*** -5.416*** -7.750*** -7.601*** 

 (1.025) (1.054) (1.212) (1.019) (1.034) 

1 if target = 10 first   0.259 0.243 0.157 

   (0.323) (0.319) (0.318) 

1 if target = 5 first   0.390 0.408 0.567 

   (0.392) (0.388) (0.408) 

1 if target = 0 first   2.940*** 2.994*** 2.947*** 

   (1.000) (0.922) (0.906) 

1 if target = 0 first & second    4.606*** 4.614*** 

    (1.281) (1.263) 

Women in the group (%)     1.176 

     (0.828) 

Less than primary education (%)     2.048* 

     (1.215) 

Constant 11.79*** 10.65*** 10.62*** 10.80*** 9.639*** 

 (0.685) (0.872) (0.873) (0.818) (0.952) 

Observations 1,280 1,280 1,280 1,280 1,280 

R-squared 0.193 0.212 0.253 0.352 0.367 

Robust standard errors (clustered by groups) in parentheses             

 *** p<0.01, ** p<0.05, * p<0.1 

Table 6 also confirms that our most severe (zero) target works quite differently 

on average, while further highlighting prior efforts to illustrate the conditions in which 

it works particularly poorly (towards the right of Table 6 15). In model (5), the effect of a 

zero target during the second stage is estimated to be a reduction in pumps of 7.7 

compared to baseline, while the effects of facing a zero target in the first stage and, 

worse, facing zero during all rounds cancel out severity's gains. Model (5) also suggests 

that more people with lower education in a group will raise total pumps.  

                                                      

15 While here we focus on group outcomes since the individual average reactions to treatments tell 

the same story, it is worth noting one additional result from individual behavior, which is that pumps 

chosen rise with the expectations one has for others' pump choices. Thus, if you think others will restrain 

themselves, you are more likely to as well. That suggests at least an average prevalence of ‘conditional 

cooperation’ (Chaudhuri 2010) among our participants.  
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Table 7 then considers the probability of compliance − or, from the point of view 

of the miners, getting the reward − using a probit regression clustered by group with 

robust standard errors. To study compliance we drop the baseline cases, which have no 

target, so target of 10 is the omitted case here. As expected, the probability is lower for 

more stringent targets. Following Table 6, Table 7 also confirms that a severe (zero) 

target is especially challenging when it goes first and if it continues. Those results make 

one think about group interactions, in terms of both building confidence during earlier 

rounds and losing confidence over time in group coordination with hard goals. 

Table 7: Regressions for a Group Outcome Game 1: Compliance 

Probit regressions (1) (2) (3) 

    

1 if target = 5 -0.697*** -0.696*** -0.626*** 

 (0.226) (0.227) (0.228) 

1 if target = 0 -1.340*** -1.006*** -1.069*** 

 (0.256) (0.254) (0.254) 

1 if target = 10 first -0.115 -0.114 -0.0800 

 (0.206) (0.206) (0.206) 

1 if target = 5 first -0.000600 -0.000875 -0.0548 

 (0.251) (0.251) (0.254) 

1 if target = 0 first -0.563** -0.575** -0.570** 

 (0.224) (0.225) (0.223) 

1 if target = 0 first & second  -0.739* -0.749** 

  (0.381) (0.381) 

Women in the group (%)   -0.434 

   (0.335) 

Less than primary education (%)   -0.664 

   (0.407) 

Constant 1.345*** 1.343*** 1.746*** 

 (0.241) (0.241) (0.286) 

Observations 1,180 1,180 1,180 

Robust standard errors (clustered by groups) in parentheses – Includes controls per session  

*** p<0.01, ** p<0.05, * p<0.1 

 

Those thoughts lead to Table 8, which considers the dynamics across rounds as 

groups react to their own prior successes and failures to earn collective rewards. As 
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noted, group members can never be sure whether a group will achieve compliance or 

whether she herself will influence that. Each round, members likely try to learn 

something about all other group members via their play. For instance, groups just above 

a target may adjust to comply. Those far below may raise pumps. 

To examine such dynamics, Table 8 explores the change in the number of pumps 

from one round to the next (pumpst – pumpst-1). The key independent variable for 

exploring dynamics is distance from the target (= target minus total pumps, i.e., positive 

when compliant) in the previous round. Consistent with efficient adjustment, its effect is 

positive. Thus, when inefficiently compliant, i.e., far below the target as all members 

were "too responsible", the group number of pumps rises while when inefficiently non-

compliant, e.g., just above the target, the group's pumps total falls (our Appendix 

presents assemblages by treatment of figures showing each round for each group). 

Once we control for this adjustment dynamic, we see that for the severe (zero) 

target the trend dynamic is increasing pumps, as we would expect when members lose 

confidence in their group. This can even happen to a lesser extent for the middle target, 

relative to the target 10's dynamics. 

A lack of confidence of members in their groups' abilities to coordinate efficiently 

at zero pumps even affects the efficient-adjustment dynamic. Models (3) and (4) in Table 

8 interact zero target with the prior distance of the group's pumps total from the target. 

Adding the two coefficients shows that the efficient adjustment is essentially not 
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happening for the more severe (zero) target. Further, having separated that shows an 

even stronger adjustment dynamics for other treatments (again see our Appendix, with 

figures by round for each group, for illustration of this difference).   

Table 8: Regressions for Group Behavior Game 1: Change in Pumps between Rounds 

OLS regressions (1) (2) (3) (4) 

     

1 if target = 5 0.0609 0.155 0.588*** 0.559*** 

 (0.103) (0.121) (0.196) (0.196) 

1 if target = 0 0.207 1.027*** 0.929*** 0.975*** 

 (0.125) (0.281) (0.251) (0.260) 

1 if target = 10 first -0.0677 -0.125 -0.0301 -0.0427 

 (0.0843) (0.0991) (0.169) (0.169) 

1 if target = 5 first -0.0835 -0.0303 0.158 0.186 

 (0.110) (0.125) (0.212) (0.214) 

1 if target = 0 first 0.0435 0.469** 0.230 0.233 

 (0.158) (0.232) (0.186) (0.184) 

Distance from target in t-1  0.131*** 0.490*** 0.495*** 

  (0.0246) (0.0721) (0.0724) 

Interaction distance * target=0   -0.434*** -0.435*** 

   (0.0733) (0.0737) 

Women in the group (%)    0.184 

    (0.229) 

Less than primary education (%)    0.333 

    (0.254) 

Constant 0.0517 -0.132 -0.554*** -0.743*** 

 (0.0874) (0.135) (0.202) (0.246) 

Observations 974 904 904 904 

R-squared 0.004 0.064 0.161 0.163 

Robust standard errors (clustered by groups) in parentheses – Includes controls per session 

*** p<0.01, ** p<0.05, * p<0.1 

 

2.6 Discussion 

When individual behavior is difficult to observe, interventions based on 

aggregates can provide incentives for compliance, in particular when within-aggregate 

group interactions support that. We propose a mechanism in which the state offers a 

reward to a group of miners conditional on aggregate compliance with an 

environmental target. Instead of observing all individual behaviors the state would need 
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to observe only some aggregate measure (e.g., the total mercury content in a sample of 

river water, total deforested area within satellite data, or the number and maybe type of 

the machines observed in one mining area). We explore effects on collective compliance 

as well as individual behaviors from aggregate targets of different severities − and how 

they are ordered.  

We find that these collective conditional rewards induce group compliance, 

reducing impacts, sometimes even in the cases of the most severe regulatory targets. 

However, greater severity can be counterproductive − especially right off the bat, i.e., the 

initial intervention, versus over time. Most groups starting with the most severe target 

were not able to coordinate in order to comply and indeed the coordination collapse can 

yield worse environmental outcomes than the baseline. 

Potentially countering this concern, given optimal policy implementation, is 

apparent learning or the building of group trust under regulation. We find that 'starting 

easier' seems to help later, in facing a more challenging target. Expectations about other 

participants’ behavior play a key role and they seem more positive after early success, 

(suggesting ‘conditional cooperation’ attitudes). 

Our results link with experiences to date under mining regulation. Mercury is 

the main concern regarding SSGM. It is stated in international agreements – such as the 

Minamata Convention – that the right level of mercury is zero. Also, in Colombia (and 

elsewhere), mandates for zero use of different forms of mining machines by artisanal or 
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small-scale miners have been promulgated. Thus, using a small machine like a pump – if 

observed – could trigger the application of policies designed for mechanized miners. Yet 

the applications of such policies have been ineffective. That seems consistent with our 

results, which suggest that collective rewards might be helpful and further that working 

gradually to increase stringency might make compliance more feasible. One can also 

imagine other related mechanisms that respect both heterogeneity and local choice, e.g., 

a menu of lower to higher stringency and, correspondingly, lower to higher rewards as 

well. Most generally, we believe that mining authorities could implement policies like 

we studied. 

Future research could consider various other types of policies, for instance 

combining carrot and stick as proposed by Segerson and Wu (2006) such that if miners 

do not comply voluntarily with the limit, they will face a credible mandatory 

punishment. A combination of internal monitoring and sanctioning across group 

members that could facilitate coordination with tough policies also could be tested. 

Research could also get more practical, exploring not only different concepts but also 

effective implementation parameters such as what and how large collective rewards 

may be.  

We should also flag some additional dimensions that may be important. Various 

uncertainties may be, such as the uncertainty inherent in the aggregate measures that 

the state would be using. Socially speaking, the uncertain arrival of migrant miners in a 
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region seems critical in Colombia. Internal damage to mining communities themselves 

may be perceived and also can be important. Mercury is a stock pollutant that might 

affect these miners, as it accumulates in the environment. 

In sum, our results suggest that conditional collective incentives have potential to 

improve environmental performance of small-scale miners. They could take various 

forms, such as rights to mine, access to certified gold markets, payments for ecosystem 

services, local public goods, and more. Yet all outcomes will depend on the ability of 

groups to build effect local strategies. 
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3. Collective Compliance can be Efficient and 
Inequitable: Impacts of Leaders among Small-Scale Gold 
Miners in Colombia 

3.1 Introduction 

Many rural poor depend upon natural resources. For over two decades, 

collective action in such contexts has been highlighted as a viable form of local 

governance for reducing negative effects on others from local resource use (e.g., Ostrom 

1990, McKean 1992, Baland and Plateau 1996). Yet resource appropriation can generate 

externalities for distant actors, creating a motivation for external governance 

interventions. Small-scale gold mining (SSGM) is an important sector of this sort within 

many developing countries, as extracting gold has local development benefits but 

environmental costs (e.g., water pollution) downstream beyond the local communities' 

borders.  

Mercury pollution is a serious effect of SSGM, with potentially horrific 

neurological effects (Crompton et al 2002; Grandjean et al. 1999). As SSGM's scale rises1, 

with the gold price or falling agricultural profits, other impacts such as deforestation 

and sedimentation become significant (e.g. Asner et al 2013, Swenson et al 2011), as do 

additional health impacts. Because in riverbeds such mining is done through the 

                                                      

1It is estimated that in the Madre de Dios region of Peru, e.g., the geographic extent of mining rose 400% 

from 1999 to 2012. Small, clandestine operations comprise more than half the mining activity in the region 

(Asner et al. 2013). 
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opening of pits that do not follow land reclamation processes, SSGM is also a source of 

mosquito-borne diseases like malaria (e.g., Castellanos et al 2016; Crompton et al 2002).  

However, as well motivated as it may be, state regulation of SSGM has been very 

challenging (Cremers and de Theije 2013; Hinton 2005; Hilson 2003, Shoko 2003). SSGM 

usually occurs on the frontier, where the transaction costs of monitoring or influencing 

individual actions are huge (noting that the frequency of alluvial deposits adds the 

challenge of non-excludability of rivers). Further, most miners work outside the formal 

economy, lack property rights and generally lack incentives for cleaner choices in this 

subsistence activity. In this setting, a policy based solely on punishment could end up 

being ineffective and even increase the social unrest in mining regions.  

Given these serious challenges, Shoko (2003) has recommended that SSGM 

should be managed as common-property enterprises at a local level based upon 

traditional and customary leadership. At a practical level, this would require legislative 

revision to base any incentives on collectives (e.g. miners’ associations or as it is going to 

be presented here local authorities of common property lands). At a conceptual level, 

this is an interesting blend of external intervention − to set incentives that reflect the 

welfare of those affected outside of mining communities − with internal coordination: if 

the limits on state information imply that states will measure only an aggregate, then 

whether collective compliance is achieved is a local coordination issue given whatever 

leadership exists. 
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Yet this blend is also a form of interaction between external and internal forms of 

governance, which can breed failure. Ostrom 1990 documents cases where external state 

interventions serve to undermine the incentives that made local institutions work. On 

the other hand, Ostrom 1990 also documents cases in which levels of governance 

function in a complementary fashion, e.g., playing different roles in social efficiency. 

And using rewards instead of punishments could help. 

Concerning mining, and following from the logic of public economics given 

limited information, in the previous chapter we arrived at a suggestion with significant 

similarities to Shoko (2003)'s idea. That essay explores the basic feasibility of an 

environmental target, applied to a broad collective, with a reward divided equally 

among a group of small-scale miners if they are compliant in total. The results suggest, 

at least for one field setting, that such a policy might well improve welfare. 

Yet they did not focus on for whom welfare would improve, e.g., do some win 

while others lose? In principle, everybody can win in those cases where inefficient 

resource degradation is avoided. We focus here precisely on whether we can assume 

that in fact all win if coordination succeeds. As most of the related literature concerns 

aggregate success, instead of who bears all of the costs, our focus is equity implications 

of compliance with roles for communication and leadership. 

To pursue those questions, we start with the basic experimental setup in Chapter 

2, an artefactual framed field experiment where a government sets an aggregate 
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compliance target, verifies it, and conditional on collective compliance provides a benefit 

that is distributed equally. Government need only verify aggregate compliance. 

Community members have to decide among themselves whether and how to comply. 

Pre-existing norms, social capital and prior interactions should help in substituting for 

state capacity to set individual incentives to improve outcomes.  

We recruited 200 participants of the mining community of Yurumanguí River in 

the Colombian Pacific region (i.e., the same broad region as in the previous chapter but a 

far more isolated area). We vary the severity of the aggregate compliance target and, as 

our focus, vary communication. Communication, i.e., allowing individuals in groups to 

talk before decisions, is well established as improving coordination for efficiency (see, 

e.g., Ostrom et al 1992; Cardenas et al 2004). Yet we are interested in details of equity 

both as initial condition and as possible outcome that we believe are much less studied 

for collective action.  

We find, to start, that such incentives appear to have promise as a collective 

mining intervention, confirming the main point of Chapter 2. We also confirm a key 

point in the literature: communication enhances the probability of coordination 

sufficient to achieve collective success. Going beyond prior results, we also find that 

communication raises equity on average. However, in contrast to (implicit) expectations, 

it does not always raise equity − and inequity can be stable. 
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Concerning when communication raises versus lowers equity, here we add a 

considerable novel focus on the dynamics of the communications that occur when 

groups are trying to coordinate.  Our greatest focus is "leaders", whom by observing 

communications we can identify as playing central roles in leading groups towards the 

efficient or inefficient outcomes they achieve. Those leaders at the same time are 

establishing how the costs of group compliance will be distributed.  

This essay is organized as follows. In the next Section 3.2 we summarize some 

relevant literature. In Section 3.3 we describe the experimental context, design and 

implementation. We present the data analysis and results in Section 3.4 and in Section 

3.5 we discuss results and policy implications.  

3.2 Literature 

3.2.1 Collective Action in Natural Resources Management 

Communal institutional arrangements for natural resources management were 

considered until perhaps the mid-1980s, at least in academic environments, as pre-

modern constructions doomed to disappear with the march of development. 

Consequently, the dominant beliefs that shaped environmental policies identified 

markets and states as the only governance structures that could align incentives to 

address the externalities arising from local uses of resources (Agrawal 2002). A 

significant literature has since demonstrated that communities have crafted a great 

diversity of self-governing institutions to cope with such social dilemmas (Ostrom 1990; 
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McKean 1992; Baland and Platteau 1996). Like states and markets, these institutions vary 

in their success in the management of the resources (Dietz, Ostrom and Stern, 2002). 

Moreover, more recent work has stressed that states, communities and markets can play 

complementary roles (Ostrom 2010). 

The capacity of a community or group of users to manage common-pool 

resources depends on its ability to craft and internally enforce rules to cope with the 

dilemmas of cooperation. Some critical institutional components are hypothesized to 

include a clear definition of who has the right to use the resource, with recognition by 

any external authorities, and local mechanisms for monitoring and enforcement 

(McKean 1992, Agrawal 2002). In small-scale mining, externalities from appropriation 

fall also on non-users. Thus, endogenously arising local institutions would not be 

expected to reach social efficiency even if users manage to mediate all local conflicts 

among themselves. 

When monitoring individual behavior is difficult, incentives may be based on 

group performance in conservation. Zabel et al (2014) study conservation of carnivores 

in Sweden where herder villages are collectively rewarded for increases in populations 

(lynx and wolverines) on village territory. The scheme is said to be a form of payments 

for environmental services (PES) where groups internally decide on distribution of these 

payments, which creates a collective action problem. Regarding distribution, they find 
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that assigning a larger fraction of the payment directly to individuals, as oppose to using 

it for some community expenditure, has a positive impact upon conservation. 

For mining, in many countries all subsoil and non-renewable resources belong 

solely to the state, creating a mismatch of costs and benefits for individual actors. Small 

miners who lack property rights, i.e., face high legal and economic insecurity, may not 

want to invest in costly technology (Hinton 2005), which may be required to be cleaner. 

Generally, formalization of property rights for miners might “unlock capital” and 

generate development in small-scale mining (Siegel and Veiga 2009 following De Soto 

2000's thinking), yet in light of externalities generated by mining unabridged individual 

rights may well not yield societal efficiency (Clausen, Barreto and Attaran 2011). More 

generally, McKean (2008) emphasizes that for some characteristics of the resources in 

question – e.g., economies of scale in enforcement, which likely are present within small-

scale alluvial gold mining – collective rights regimes could be more efficient than 

individual rights. 

In such settings, states can complement local governance institutions by 

providing incentives that foster cooperation to improve environmental and social 

outcomes, including by considering the proper assignment and protection of property 

rights so that social net benefits are internalized. For instance, collective local mining 

permits conditioned on group environmental compliance might have high local value 
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and create group interactions that generate incentive to cooperate (e.g., Hinton 2005 

notes renewable permits in the context of formalization of small-mining). 

3.2.2 Coordination and Communication in Experiments 

Since credible commitments among community members are at the core of 

collective actions and solutions of social dilemmas, in lab experiments communication 

has been tested for its impact on the likelihood of self-governance that contradicts many 

theoretical predictions of no cooperation (Ostrom et al 1992). Communication is an 

effective coordination tool that reduce inefficiencies (and while this is often not shown, 

perhaps also asymmetries in payments, improving fairness). There is ample evidence 

that face-to-face communication or cheap talk enhances cooperation in social dilemmas 

experiments through mechanisms like clarification of the problem among group 

members, trust and reciprocity building, reinforcement of prior normative values, 

development of group identity and emergence of commitments (Ostrom 1998, Cárdenas 

et al 2004).  

Moving away from when the dominant strategy of not cooperating, for threshold 

public goods – and other group settings such as with ambient-based instruments2 – 

incentives to contribute or to comply depend critically upon one's expectations 

regarding the cooperation decisions by others. Some coordination games have the social 

                                                      

2 Different parameters within such an instrument generate the different options for collective incentives 

instruments: a pure ambient/tax subsidy scheme; a pure ambient tax scheme; a group fine (or subsidy); or a 

mixed scheme.  
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optimum as a, though not a unique, Nash equilibrium3. Even when that is so, groups 

facing mechanisms using group incentives (fines or rewards) face coordination issues 

given multiple Nash equilibria (Spraggon 2002, Cadsby and Maynes 1999). This may 

lead to inefficient and inequitable outcomes, as seen in non-point-pollution (Spraggon 

2002, Corchard et al 2005) and threshold-public-goods experiments (Cadsby and Maynes 

1999). 

Without communication, over- or under-contribution can be common in 

threshold-public-goods experiments. Communication can help by reducing uncertainty 

regarding the behavior of others. That can help participants to organize regarding 

sufficient total contributions − usually the focus in the literature − and who is going to 

contribute (van de Kragt et al 1983). For instruments based on ambient-based targets, 

communication has been shown to aid in coordination when, e.g., the group fine for 

insufficient total contribution is a fixed amount. Yet when a subsidy is proportional to a 

shortfall between total contributions and a target, yielding incentives to collude to earn 

more subsidies, not surprisingly communication is unlikely to eliminate some deviations 

from group efficiency, e.g., too little production and pollution (Vossler et al 2006; Poe et 

al 2004, Suter et al 2008).  

                                                      

3 Threshold public goods game have two sets of Nash equilibria: inefficient Nash equilibria in which the 

threshold is not met and the public good not provided; and efficient Nash equilibria where the threshold is 

exactly met and the public good is provided (Crosson and Marks 2000). Such equilibria could be either 

symmetric or asymmetric.  
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For policies combining regulation with inducing voluntary choice (the latter 

through PES, e.g.), communication can reinforce the voluntary incentives. This may even 

make the application of the regulation unnecessary for efficiency (Suter et al 2010). 

Midler et al (2015) also studied the role of communication for PES, comparing collective 

rewards based on a minimum aggregate level of conservation by Andean farmers with 

individual rewards. Without communication, the individual conditional rewards are 

more efficient. However, when communication is allowed, it seems to partially address 

free-riding incentives and the collective rewards can be as efficient.  

Going beyond communication, peer punishment could overcome free-riding 

incentives to induce efficiency and perhaps even reduce inequity in contributions 

(Cason and Gangadharan 2013). Unlike communication, such sanctioning mechanisms 

imply additional costs for both parties. 

3.3 Experimental Design and Field Setting 

3.3.1. Experimental Design 

Drawing from the literatures about using ambient-based instruments to control 

non-point pollution and about threshold public goods, we implemented a field-lab 

experiment in which government sets the target for aggregate compliance4, verifies 

progress towards the target and then, and conditional on the degree of collective 

                                                      

4 Relatively low cost measurements by the state of environmental quality could include, for instance, total 

mercury in a sample of the river water downstream from a mining region or the total area deforested as 

seen in satellite data.  
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compliance in achieving the target, provides a benefit that is equally distributed among 

the miners (see Chapter 2). Under this scheme, states might effectively outsource some 

of the required monitoring, reducing information burdens. Compliance depends upon 

group interactions and conditional cooperation.  

In this experimental design, individual participants have the ability to choose the 

number of pumps they will use, which we use as a measure of mining intensity – instead 

of mercury pollution or some other measure of pollution – since among community 

members in our study area there is strong discourse against the use of mercury5.The 

aggregate number of pumps could be understood as a proxy for river sedimentation, 

land degradation and deforestation, since these are directly proportional to the number 

of machines, and we believe the miners and participants in the experiment also 

interpreted this measure in the same way. If the participants end up with a number of 

machines that is below the target, we give the group its collective reward and which is 

distributed equally among group members.  

Participants played in groups of five miners − each choosing 0, 1, 2 or 3 pumps − 

for 8 rounds.  The initial round for all participants is a baseline decision, without a target 

number of pumps, to compare to rounds with targets. Rounds 2-4 implement one of the 

targets (10 or 5 total pumps) then Rounds 5-7 implement the other target level (with 

                                                      

5 In selecting communities and the proper framing for the experiment, we collected secondary data and 

interviewed local leaders, authorities and community members in the area of Buenaventura within the 

Colombian Pacific. 
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controls for ordering effects). Finally, Round 8 functions like the initial round (Round 1), 

i.e., is a final set of decisions with no target. Participants did not know in advance the 

number of rounds, nor that the target might change. 

Figure 1 (in Chapter 2) shows the payoffs table presented to the miners. The first 

column shows the mining benefits per level of intensity (number of pumps chosen), the 

second column shows the individual share received from the collective reward if the 

standard is met, and the third column shows total benefits if the aggregate number of 

pumps (the sum of the first and second column) is on or below the limit. 

There are multiple Nash equilibria in this game. Efficient Nash equilibria include 

a symmetric equilibrium in which each individual chooses a number pumps exactly 

equal to one fifth of the aggregate target, as well as many asymmetric equilibria 

characterized by a combinations of individual decisions that sum to exactly the 

aggregate target (since overcomplying is inefficient). The inefficient Nash equilibrium 

refers to group complete non-compliance, where all individuals choose three pumps.  

In each period, participants indicate their decisions by marking them on a 

decision sheet showing Figure 1. They mark with an X the number of pumps they want 

to use. A facilitator collected the sheets of each participant, summed up pumps and 

communicate the aggregate number of pumps, and the individual's earnings, by 

returning that information on the same sheet to each participant. That also kept 

information private across groups, avoiding contamination given sessions with four or 
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five groups. Within group, participants knew who the other four members were. At the 

end of the session, participants answered a survey on their socio-economic 

characteristics.  

We read the instructions for play aloud to the participants but answered their 

questions individually and privately. After reading the instructions and explaining the 

payoffs table, we administered a quiz to test understanding by handing each participant 

a form with a decision marked by the experimenter and asking if this decision would 

allow players to reap the collective reward and to mark the earnings of the participant 

for that situation. We checked the answer, individually explained the payoffs if 

necessary, and then repeated the quiz. 

To explore the effects of communication, we allowed communication in half of 

the groups. In communication treatments, participants were allowed to discuss before 

making each decision, talking for a few minutes. In sum, as we show in Table 9, we ran 

four treatments in a between- group design, in which we vary the aggregate target 

number of pumps (10 or 5), the ordering in which such targets are introduced, and the 

possibility or not to discuss among group members.  
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Table 9: Treatments and Number of Participants Game 2 

 
Ordering of target (aggregate pumps)  

 
THR 10→05  THR 05→10 

Communication 
50 people                       

(10 groups)  

50 people                       

(10 groups)  

No 

communication 

50 people                       

(10 groups)  

50 people                       

(10 groups)  

 

3.3.2. Field Setting  

We implemented this experiment in a river mining community, Yurumanguí, in 

the rural area of Buenaventura, the main Colombian port in the Pacific coast. 

Buenaventura is economically important, yet poverty is very common in its rural areas, 

as well as in most of the Pacific region. SSGM is the only economic alternative for many. 

Yurumanguí, with a population under 3,000, is far from the city along the Yurumanguí 

River, the only way to get there (after a day-long trip). 

The Colombian Pacific is a region inhabited mainly by Afro-Colombian 

communities who own collective land titles that are managed by community councils. 

Community councils are formally recognized in Colombian law as the responsible for 

the management of natural resources in their respective territories and their 
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representatives are locally elected (Velez 2011).6 SSGM is part of the cultural tradition 

and the main economic activity for many of these communities (Sarmiento et al. 2013). 

About 40% of the gold produced in Colombia comes from the Pacific, extracted by 

artisanal and small-scale miners lacking permits, though the state owns the subsoil. De 

facto there is open access, without effective exclusion, as found elsewhere (Shoko 2003).   

Yet unlike in many communities in Colombia and elsewhere where migrant 

miners conflict with both authorities and local small-scale miners, within the community 

council of Yurumanguí gold mining is developed exclusively by the community 

members. The council assembly – based on ethnic authority – have been able to craft and 

enforce their own rules to exclude external miners. Further, they regulate mining 

practices by community members, e.g., both mercury and heavy machinery are 

forbidden. This still contradicts formal state regulation, which recognizes as artisanal 

mining − not requiring a concession from the national agency − only the use of pans. 

Communities allow the use of pumps below a certain power and regulate the number of 

pumps.  

We invited to participate in our experiments only adults in the mining villages of 

Juntas and San Antoñito, located upstream in the Yurumangui River where gold 

extraction takes place in this community council. As before, we allowed only one 

                                                      

6 See Velez (2011) about the process of institution building regarding collective territories in the Colombian 

Pacific. To date, more than five million hectares have been collectively granted to more than 156 

communities.  
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member per group. Participants were split equally across treatments. Table 10 

summarizes sociodemographic characteristics. 

Table 10: Socio-demographic Characteristics of Participants from River Community 

Variable 
All 

participants By treatment 

  

NO-COM        

(10-05) 

NO-COM           

(05-10) 

COM               

(10-05) 

COM           

(05-10) 

            

Age (years) 35.7 34.3 39.9 34.0 34.7 

Women (%) 55.5 32.0 62.0 76.0 52.0 

Participation in voluntary activities (%) 90.9 90.0 89.8 90.0 94.0 

Income in a good week (US$) 75.7 70.3 87.7 61.3 84.2 

Income in a bad week (US$) 9.1 6.3 14.5 6.2 9.6 

            

Education level (%)           

None 13.6 8.0 24.0 16.0 6.12 

Incomplete primary 30.6 26.0 24.0 36.0 36.73 

Complete primary 8.0 8.0 10.0 4.0 10.2 

Incomplete secondary 29.7 28.0 30.0 30.0 30.6 

Complete secondary 16.1 28.0 12.0 12.0 12.2 

Technical or college  2.0 2.0 0.0 2.0 4.1 

            

Artisanal miners (%) 96.5 96.0 94.0 100.0 96.0 

Mechanized miners (%) 3.5 4.0 2.0 4.0 4.0 

SSGM primary income (%) 86.4 86.0 81.6 94.0 84.0 

Use of pumps in real mining (%) 87.0 84.0 92.0 86.0 86.0 

Use of other machines (%) 13.0 6.0 1.0 18.0 18.0 

            

 

A bit over half of our participants were women; the average age is about 36; and 

almost everyone does voluntary community activities on a regular basis. Education 

levels are very low, with almost half below completion of primary. SSGM is the main 

economic activity for almost all and almost all use pumps as tools in their daily actual 
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SSGM, though 13% use other machines like small dredges. Average income in a good 

week is about US$76, and in a bad week US$9 (US$1=COP$3000).  

3.4 Results 

Before moving to treatments, we will first simply describe our no-treatment 

rounds (Rounds 1 and 8). With no collective target, the most common choice is 3, and 

Table 11 conveys averages near 3. Table 3 also helps us to assess whether our 

assignment to treatments did generate similar groups, at least in terms of baseline 

behaviors. One treatment group (No Communication 10-05) chose fewer pumps. Table 

12 confirms it was significantly less than No Communication 05-10 but, since we know 

there are also some differences across treatment groups in terms of their characteristics, 

it also includes a second column with controls for individual characteristics. This shows 

women chose more pumps in the baseline and, controlling for gender, treatment groups 

are not different.  

 

Table 11: Baseline Mean Individual Number of Pumps Game 2 (choices were 0, 1, 2, 3) 

  

No-Com   

(10-05) 

No-Com  

(05-10) 

Com       

(10-05) 

Com       

(05-10) 

Baseline decision 

(round=1) 

2.5               

(0.73) 

2.74       

(0.49) 

2.64             

(0.69) 

2.74             

(0.49) 

After policy decision 

(round=8) 

2.68                

(0.59) 

2.7            

(0.55) 

2.7             

(0.55) 

2.52            

(0.81) 
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Table 12: Baseline Individual Number of Pumps Game 2– OLS regression 

 
(1) (2) 

 

   

No-Com (05-10) 0.240* 0.162 

 (0.123) (0.134) 

Com (10-05) -0.120 -0.271 

 (0.224) (0.225) 

Com (05-10) 0.0378 -0.0364 

 (0.165) (0.164) 

Gender (1 if women)  0.246** 

  (0.0962) 

Less than primary education   0.0958 

  (0.103) 

Constant 2.356*** 2.194*** 

 (0.171) (0.256) 

   

Observations 200 199 

R-squared 0.036 0.091 

 

Motivating our further discussion of treatments, compared to the initial baseline 

round as well as the final no-target round, Figure 4 shows at a glance that the collective 

targets did lower pumps. Even without close analysis, that is true for each target level 

and even without communication. We will now present more data analysis but note that 

our Appendix has figures for each group.  



 

59 

 

Figure 4: Mean Group Totals per Treatment Game 2 

 

3.4.1. Collective Incentives and Efficiency 

Table 13 presents the mean aggregate pumps for the baseline and our two stages 

of treatments, as well as the proportion of success in obtaining the collective reward 

once the policy is introduced. It is clear that less severe collective regulation can be 

successful. In Table 13's first row, for the No Communication treatment when the less 

severe target (10) is faced first, the mean pumps fall from 12.5 to 9.17, i.e., below the 

target on average. Despite that, however, not all the groups are successful. While 80% is 

a considerable bit of success, it leaves some room for improvement.  
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Table 13: Average Group Totals and Success Rate Game 2 by Treatment and Stage 

 
Baseline First stage   (rounds 2-4) Second stage (rounds 5-7) 

 Mean pumps Mean pumps Success rate Mean pumps Success 

rate 

      

No 

Communication 

           

12.5 9.17 80% 6.5 

                  

36.7% 

target 10 & 05     (1.82) (1.81) (0.4) (2.13)       (0.48) 

No 

Communication        13.7  10   10% 10.4       43.3% 

target 05 & 10 (1.11) (3.16) (0.3)          (2.38)     (0.5) 

Communication         13.2        9.9             90%                                    6.7       56.7% 

target 10 & 05 (1.55) (1.3)               (0.3) (2.93)     (0.5) 

Communication      13.7 6.6               60% 9.2       93.3% 

target 05 & 10 (0.91) (2.72) (0.49)    (1.53)      (0.25) 

      

Standard deviation in parenthesis 

We see greater need for improvement for the severe target (05), as successes are 

now under 40%. Yet mean pumps fall to 6.5. Such results highlight potential tradeoffs 

for the choice of severity in such regulation (as in Chapter 2). When severe targets 

succeed, they achieve more and success can be stable. There are also gains − lower 

pumps − when they do not succeed, when some members try but the group fails. 

However, the coordination setting could easily collapse as those who tried harder by 

choosing fewer pumps could lose trust in others and just stop trying. 

Trust is highlighted in Table 13's next row, with No Communication but the 

severe target to start. Without trust from success under the less severe regulation, these 

groups have very little success starting with a severe target, averaging 10 pumps and 

obtaining rewards in only 10% of rounds. That theme of trust theme continues within 

the second stage here, in the sense that failures for a harder target seem to undermine in 
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advance the ability of the groups to handle the easier target. While the mean pumps of 

10.4 might not see too much higher than the 9.17 when an easier target is faced initially, 

the group success is just above 40%, again raising issues of stability over time.   

3.4.2. Communication Impacts on Efficiency 

3.4.2.1 Eliminating Inefficient Overcompliance 

Table 13's last two rows present the Communication treatment, with both 

orderings of targets. Starting with the third row, in which the less severe target (10) is 

faced first, one might initially think that ending up with more pumps, on average, in 

situations with communication (9.9 pumps) than without (9.17 pumps), suggests lower 

efficiency. In fact, it can be more efficient if this indicates no overcompliance, as 

hypothesized. The groups get the reward as long as they are under the target by any 

amount, thus it is most efficient to maximize their production conditional on attaining 

the collective reward. Of course, in these experiments, the target for the number of 

pumps that we set is arbitrary – the target is set for the experiment is not necessarily the 

efficient one to set.  

The initial columns of Table 14 help to demonstrate this efficiency impact of 

Communication. Within its initial row and column, we can see that only 10% of groups 

were efficient under the easier target without communication − and recall, from Table 

13, that is with 80% group success. Table 14's initial row, in the second column, then 

shows an interesting tradeoff in terms of coordination and severity of target. While it is 
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harder to coordinate to meet a more severe target (recall that success is 40% in groups 

without communication facing the target of 5), there are fewer ways to achieve a more 

demanding target, and it is much less likely that individuals will overcomply. We see 

27% of groups are efficient. 

Table 14: Proportion of Compliance and Efficient Compliance Game 2 

  
Proportion of  

efficient Nash equilibrium 

Proportion of symmetric 

efficient Nash equilibrium 

  1st stage 2nd stage 1st stage 2nd stage 

     No Communication 

target 10 & 05 
10% 27% 0% 17% 

No Communication  

target 05 & 10 
0% 13.3% 0% 0% 

Communication 

target 10 & 05 
67% 47% 23.3% 27% 

Communication 

target 05 & 10 
50% 60% 30% 13.3% 

         

 

Table 14's third row confirms the efficient elimination of overcompliance within 

group successes. Its initial column finds a strikingly higher 67% rate of efficiency (recall, 

from 90% success rate). Thus, 9.9 average pumps in Table 13, which seemed to suggest 

movement to efficient compliance, indeed indicates exactly that. This is then supported 

by the 47% efficiency in the second column (that is of under 60% success, again 

indicating that overcompliance is rare for the hard target). 

3.4.2.2 Improving Group Function in Challenging Situations 

Going back to Table 13's third row, communication raises success (90% vs. 80%) 

for a less severe initial target. We would highlight that the success rates rise even more 
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for the more severe target, i.e. the more challenging situation. There, success jumps to 

almost 60%, from just under 40%. That is a considerable improvement, although not 

eliminating the tradeoff in the severe target for which cooperation might collapse but 

currently lowers the average pumps to 6.7, well below the average of about 10 for the 

target of 10 even though above the intended more severe target of 5. 

Communication's greatest impact is in the most challenging situation for 

coordination by miners, when they face the more severe target first. Table 13's fourth 

row shows essentially identical results for the more severe target when faced first with 

communication compared to when faced after the easier target. Further, group 

maintains a high ability to function and comply with a less severe target after that also. 

That is a striking difference from No Communication, suggesting that communication 

not only helps to organize but effectively accelerates the building of group trust.  

3.4.3. Communication Impacts on Equity 

3.4.3.1 Symmetric Efficient Group Outcomes 

We return to Table 14, whose final two columns go beyond efficiency to consider 

equity as well. Specifically, they show proportions of compliance that is not only 

efficient but also symmetric, meaning that everybody in the group chose the same 

number of pumps, a strong form of equity (most specifically this is just efficient equity 

versus equity or identical behavior alone), for instance, everybody choosing 3 pumps) 

even if that many pumps for the group is not particularly efficient. 
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For a comparison to communication, again Table 14's first two rows consider No 

Communication. Starting with the first row and third column, the symmetric efficiency 

could not be worse, at 0%. Even with 80% group success in light of only 10% efficiency 

we never see symmetric efficiency, for the less severe target (10). That is also true in the 

second row when the 10 target comes later. A point above − that coordination on 

efficiency is easier for the harder target − is supported here as of 37% success, of which 

27% is efficient, fully 17% of groups are efficiency and symmetric. Again, 

overcompliance with the demanding (low) target is rare − thus, the likely success is for 

each member of the group to choose one pump. However, in the second row there was 

not even any efficiency and thus no symmetric efficiency. 

Communication greatly improves upon these results, although leaving much 

room to improve. Table 14's third row and third column find that over 20% of groups 

are efficiency and symmetric, from 90% successful and 67% efficient, versus none of the 

80% success without communication. Table 14 also shows that communication raises 

symmetric efficiency for the more severe target both when it comes second and, with an 

even more dramatic gain, when that target comes first. 

3.4.3.2 Individual Choices Supporting Symmetric Equilibria (Both Efficient and 

Inefficient)  

Symmetric efficiency may be too high a bar to be the only indicator of the impact 

of communication on participants' efforts to achieve the combination of group efficiency 

and equity across individuals. For instance, even if four members of a group choose as 
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their numbers of pumps exactly one fifth of the aggregate target, still just one member 

undercomplying ruins symmetric efficiency. In fact, symmetric efficiency also will be 

"ruined" when just one member chooses to overcomply. 

Thus we consider also the individual choices, to identify how often individuals 

chose numbers of pumps that at least are equivalent to trying to play their part within 

the symmetric efficient result. That means choosing two pumps for less severe targets 

(10), yet one for the severe targets (05). We can also see how many appear to have given 

up on that and instead "played their part" within the inefficient symmetric equilibrium 

in which nobody tries to comply, i.e., all choose 3 pumps. 

Table 15 shows by treatment and stage the proportion of participants making 

each possible choice. Starting with its first column for No Communication with first 

stage using the easier target (10), fully a third of participants just did not try to 

contribute to collective success, choosing 3 pumps. On the positive side, fully a third 

tried the symmetric Nash, i.e., chose 2 pumps (one fifth of 10). Also positive per 

cooperation, the other third are, roughly, a sixth choosing 1 pump and a ninth strongly 

overcomplying by choosing 0. Zero could be efficient, depending on one's beliefs about 

others' choices, yet without any question it indicates some significant inequity within 

groups. 
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Table 15: Strategy Chosen per Treatment and Round Game 2 

  No-Com (10-05) No-Com  (05-10) Com (10-05) Com (05-10) 

  1st stage 2nd stage 1st stage 2nd stage 1st stage 2nd stage 1st stage 2nd stage 

                  

0 pumps 13% 20% 6% 5% 6% 12% 13% 9% 

1 pumps 22% 47% 29% 21% 17% 63% 59% 10% 

2 pumps 35% 14% 24% 33% 49% 5% 11% 67% 

3 pumps 31% 19% 41% 40% 27% 20% 17% 13% 

         

 

Comparing the first to the fifth column, i.e., to the same stage of the same 

ordering of the targets but with communication (and in this way we compare 2nd to 6th, 

3rd to 7th and 4th to 8th columns), the fifth column shows that only the efficient symmetric 

Nash choice rose with communication. Thus, two pumps are chosen by now half of 

participants, while all of the other percentages fell. The inefficient symmetric Nash is 

now closer to a quarter, while overcompliance fell as well. 

Comparing the second and sixth columns, i.e., the second stages of the 10-then-05 

treatments, we see that communication raises the efficient symmetric Nash choice from 

about a half to about two thirds of participants (recalling again that the harder target 

helps to focus coordination). The harder target differs in that the fraction choosing the 

inefficient Nash of 3 pumps does not fall. 

That communication's gains are greater in communication demanding high 

performance is also supported. The 40% of participants who chose 3 pumps in No 

Communication versions of 05-then-10 treatments falls to under 20% with 
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communication (within the last row compare Table 7's 3rd and 4th columns to its 7th and 

8th). The positive outcomes in positive situations provide the same message; 

communication has the result of doubling, as the 29% of symmetric efficient Nash 

choices (one pump) achieved in the third column (without communication). The same 

holds for less severe target coming second, as the 33% of symmetric efficient Nash 

choices (two pumps) in the fourth column, without communication, double with 

communication. 

3.4.4. Communication Leader’s Impact  

3.4.4.1 Leaders and Group Efficiency (Total Pumps and Compliance)  

We now focus on a particular part of the communications that clearly enhance 

coordination, i.e., its leaders. By this we do not mean people specifically documented as 

being leaders in these communities (though more on that in our Discussion) but instead, 

remaining within our games, the individuals whom through our analysis of discussions 

we identify as leading communication. As tables would get even more complicated with 

this additional subdivision of communications, Tables 16, 17 and 18 present regressions 

for three group outcomes that leaders might affect: total pumps; success or compliance 

rate; and the group's standard deviation of its individuals' pumps. 

Table 16's initial two columns summarize some prior results considering all of 

our treatments, whereas its final two columns consider only communications to examine 

the impacts of leaders (we identify leaders by analyzing communications, so have no 
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leaders without communication). The initial two columns confirm: that the targets do 

have impacts; that a hard target first is less successful; and that communication has 

impacts most strongly in dealing with those hard targets. Following some earlier 

observations, these regressions control for some group characteristics, like the 

proportions within the groups of women and people with very low levels of education 

(noting that education always matters while women do not for only communication 

treatments).  

Others (e.g., Saldarriaga-Isaza et al 2015a) suggest that one or two leaders often 

may emerge in communication settings to try to explain the game and suggest (or 

dictate) to others what to do. We also found that to be the case, by having our monitor 

take notes on the conversation in each round and by recording all conversations. Based 

on those notes, we code by identifying types of agreements that participants reach and 

the way in which they occur. We found three situations:  leaders emerge who suggest 

what to do; collective consensus with no leader; and no discussion. Out of the 20 groups 

with communication, in 15 leaders emerged to clarify the game and also to suggest the 

decisions participants should make. Table 16 shows that leadership reduces pumps.  

Interestingly, much as above we considered symmetry or its lack in the outcomes 

groups reached here we find in documenting conversations that leaders sometimes 

dictate or suggest asymmetry. Overall, leaders dictated or suggested a symmetric 

efficient Nash strategy 55.2% of the time but an unequal strategy 44.8% of the time, 
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noting that some leaders stick with equal or unequal in all rounds while others try both 

across the 6 rounds in which participants play with communication7.   

 

Table 16: Group Total Pumps Outcome Game 2 

OLS regressions  

All groups Only groups with 

communication 

(1) (2) (3) (4) 

     

1 if limit=10  -3.475*** -3.305*** -2.333*** -2.230*** 

 (0.580) (0.489) (0.562) (0.557) 

1 if limit=5  -6.677*** -6.419*** -5.358*** -5.378*** 

 (0.515) (0.495) (0.950) (0.948) 

1 if limit=10 first -0.269 -0.181 -0.0127 -0.129 

 (0.481) (0.455) (0.599) (0.602) 

1 if limit=5 first 3.614** 2.995** 0.405 0.481 

 (1.355) (1.310) (0.861) (0.834) 

1 if communication 0.0190 -0.409   

 (0.655) (0.528)   

Interaction communication*limit5_first -3.319*** -2.434*   

 (1.163) (1.207)   

Round 8 (after policy) -0.0250 -0.0250 -0.400 -0.400 

 (0.311) (0.312) (0.530) (0.532) 

Proportion of women in the group  1.832** 0.858 0.747 

  (0.775) (0.677) (0.634) 

Proportion of people with less than primary 

education 

 2.029** 1.937* 1.951* 

  (0.889) (0.980) (0.986) 

1 if leader    -2.206***  

   (0.633)  

1 if leader suggests equal strategy    -1.936** 

    (0.694) 

1 if leader suggests unequal strategy    -2.547*** 

    (0.649) 

Baseline (constant)  13.40*** 11.82*** 13.04*** 13.29*** 

 (0.640) (0.735) (1.016) (0.976) 

     

Observations 320 320 160 160 

R-squared 0.556 0.599 0.702 0.706 

Robust standard errors (clustered by groups) in parentheses   

 *** p<0.01, ** p<0.05, * p<0.1 

                                                      

7 Clearly there exist dynamics across rounds in total pumps (a focus in Rodriguez et al. 2016) that 

relate to learning about and moving towards inefficiency in two ways:  moving to compliance when a group 

has failed to achieve it, i.e., reducing pumps when above the target; and moving to efficiency when the 

group has achieved compliance, i.e., increasing pumps when below the target. We confirm in our sample 

that groups tend to converge to the target.  
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Table 16's fourth columns adds this information. We find that both strategies 

suggested by leaders – equal and unequal – reduce the total number of pumps. 

Interestingly, the coefficient is larger when leaders suggest unequal strategies, though 

the difference is not statistically significant. 

Regarding the probability of compliance, Table 17 like Table 16 starts by 

summarizing prior results concerning all treatments. For the binary compliance 

outcomes, it presents a probit regression, clustered by group and with robust standard 

errors. Again the target level matters, as do ordering and communication, plus the 

gender and education characteristics. In its final two columns, as in Table 16 we examine 

communication only and thus we can examine the impacts of any leaders (while noting 

the perhaps interesting fact that here women help once there is communication). 

Table 17's third and fourth columns add leaders. We find that both strategies 

suggested by leaders – equal and unequal – increase the chance of compliance. Again, 

the coefficient is larger when leaders suggest unequal strategies, though again the 

difference is not statistically significant. 
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Table 17: Compliance Group Outcome Game 2 

Probit regressions  

All groups Only groups with 

communication 

(1) (2) (3) (4) 

     

1 if limit=5 -0.630* -0.793** -2.621*** -2.553*** 

 (0.342) (0.347) (0.750) (0.720) 

1 if limit=10 first 0.569 0.467 -0.154 -0.141 

 (0.379) (0.371) (0.863) (0.842) 

1 if limit=5 first -1.338* -1.114 0.462 0.451 

 (0.748) (0.742) (1.236) (1.181) 

1 if communication 0.846** 1.396***   

 (0.354) (0.320)   

Interaction communication*limit5_first 0.689 0.281   

 (0.664) (0.704)   

Proportion of women in the group  -0.949* 2.154** 2.258** 

  (0.540) (0.941) (0.901) 

Proportion of people with less than primary 

education 

 -1.804*** -1.792 -1.743 

  (0.666) (1.120) (1.148) 

1 if leader    2.320***  

   (0.536)  

1 if leader suggests equal strategy    2.151*** 

    (0.586) 

1 if leader suggests unequal strategy    2.559*** 

    (0.600) 

Constant 0.118 1.281*** 0.350 0.223 

 (0.299) (0.480) (0.929) (0.869) 

     

Observations 240 240 120 120 

Robust standard errors (clustered by groups) in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

3.4.4.2 Leaders and Group Equity  

Returning to equity − following the rightmost columns in Table 14 and our 

analysis of Table 15 − Table 18 explores the effect of not just communication but also 

leaders, plus what they propose. It presented an OLS regression clustered by group and 

with robust standard errors for one equity metric, the standard deviation of the number 

of pumps chosen by the individuals within a group. The sole significant result in the 

first two columns, which consider all of our treatments, is that communication reduces 

standard deviations. Thus, on average communication improves equity. 
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Table 18: Groups Standard Deviation Game 2 

OLS regressions 

All groups Only groups with 

communication 

(1) (2) (3) (4) 

     

1 if limit=5 0.0486 0.0476 0.102 0.226 

 (0.140) (0.142) (0.215) (0.161) 

1 if limit=10 first 0.178 0.177 0.225 0.345** 

 (0.115) (0.118) (0.207) (0.162) 

1 if limit=5 first -0.203 -0.201 -0.262 -0.354 

 (0.230) (0.233) (0.337) (0.265) 

1 if communication -0.227* -0.235*   

 (0.115) (0.119)   

Proportion of women in the group  -0.0311 -0.577 -0.413 

  (0.239) (0.408) (0.324) 

Proportion of people with less than primary 

education 

 0.174 0.170 0.200 

  (0.230) (0.448) (0.384) 

1 if leader    -0.327  

   (0.223)  

1 if leader suggests equal strategy    -0.555** 

    (0.206) 

1 if leader suggests unequal strategy    0.0117 

    (0.209) 

Constant 0.830*** 0.875*** 0.720 0.215 

 (0.0949) (0.229) (0.431) (0.468) 

     

Observations 240 240 120 120 

R-squared 0.064 0.086 0.281 0.281 

Robust standard errors (clustered by groups) in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

The third column considers only communication and the average effect of all 

emergent leaders. Simply having a leader does not, by itself, statistically significantly 

raise equity in this analysis. Recall, however, that by documenting the communication 

we learn what these leaders suggested. Table 18's fourth column adds this information 

and we find that when leaders suggest (or dictate) the efficient symmetric Nash strategy, 

then the groups' standard deviations of pumps are reduced. When leaders suggest 

unequal strategies, which as noted they do, there is no significant impact. 
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3.5 Discussion  

Monitoring and enforcement of rules is at the core of compliance with 

environmental standards. Yet when monitoring is very costly for the state, it may use 

regulatory strategies complementary to local governance, which obviously can have 

informational advantages just based on location. We started by confirming that a 

collective regulation based on the aggregate behavior of a group can induce collective 

compliance − for different severities of regulation and no communication.  

Our focus, however, was communication as well as multiple impacts of 

communication leaders. Concerning communication in general, after confirming prior 

results for facilitating efficiency we showed that it has particular impact when a group is 

facing harder coordination problems. Also, by examining ordering of regulatory 

severities, we saw that it accelerates building of trust.  Next we turned to equity, which 

we believe has been much less studied within collective action.  Communication 

improves equity on average, yet interestingly it does not uniformly raise equity.  

Finally, interested in how inequity comes about − given that it is very clear that 

even in groups that achieve collective compliance there can be drastic differences in 

contributions to success − by carefully documenting the communication that occur we 

can identify communications leaders (to be more specific, we identify them if they arise, 

which was about three quarters of the time). We define them as people who emerged to 

explain games and to suggest what people should do. 
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We documented that quite often, communications leaders actually suggested 

unequal solutions to collective compliance. Interestingly, whether they suggested equal 

or unequal paths, their mere emergence was helpful both in reducing aggregate 

environmental damage from mining activities and, correspondingly, in raising the 

chance the any given group achieved their collective reward. 

The nature of the strategies leaders suggested, equal or unequal, did however 

matter for equity. For our measure of equity, the standard deviation of contributions by 

individuals within a group,  we find that if communications leaders suggest or dictate 

the efficient symmetric Nash strategy then the standard-deviation is lower (versus 

suggesting inequality or no suggestion or no leader). 

In sum, collective rewards have potential to improve environmental performance 

of small-scale miners by creating incentives for local agreements and cooperation among 

miners. Nevertheless, the actual outcomes of such collective incentives instruments 

depend on the ability of groups to build internal agreements and monitoring strategies. 

We find that leaders play a central role in clarifying and leading groups to compliance, 

as well as in the distribution of compliance costs. Thus, while communication 

unambiguously aids efficiency, equity impacts depend on features of participants and 

communities. Future research could explore explanations of persistent inequity, and 

variations in preferences across risk and fairness. It also could study how variations in 
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characteristics such as education, gender, income and community role could help 

generate persistent unequal outcomes.    
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4. Creating Local PES Institutions and Increasing 
Impacts of PES in Mexico: A Real-Time Watershed Level 
Framed Field Experiment on Coordination and 
Conditionality 

4.1 Introduction  

Payments for ecosystem services (PES) are voluntary contracts to give incentives 

to landowners to alter behaviors to increase the provision of ecoservices. As voluntary 

transfers from the users of services to providers conditional on measures of services (or 

actions thought to provide them), such payments should be observed only if there are 

perceived benefits for all the actors involved.  

If benefit for all is envisioned, then PES may get organized locally. If upstream 

landowners can put their cows anywhere then downstream may offer payments to keep 

cows away from streams, with prices potentially agreed if the costs of restricting cows 

are below the water quality benefits. However, as Coase (1960) noted, this is less likely if 

transactions costs of negotiations are high. Finding relevant counterparts at the other 

ends of watersheds and building joint understandings, as required for effective contracts 

− not to mention monitoring − involves significant uncertainty. The upstream or the 

downstream end could lose by really trying while the other end does not try. 

One reason either end of the watershed might fail to hold up its end of the 

potential bargain is the public-good nature of contribution. At either end, upstream or 

down, actors gain when colleagues contribute enough to keep the other end happy, 
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while the individual does nothing, i.e., free rides.  The incentives to do so suggest that 

apparent 'actions' may not yield services (Porras et al 2008, Brauman et al 2007). 

Knowing this, each local actor could hold back, creating a role for states.1 

In fact, in the largest PES programs − e.g., in Costa Rica and Mexico − states pay 

landowners. That reinterprets ‘voluntary’, yet PES principles remain: the state should 

pay upstream actors if downstream users gain more in service than is paid; and provider 

cost should be below the price. Governments may step in as 'users’ when beneficiaries 

are many and diffuse, when all locals lack required technical measurement capacity, and 

when the state already interacts with the upstream. 

Nonetheless, there may be good reasons to increase the share of PES 

implemented purely locally. Lowering state expenditures can lower taxes and reduce 

threats from pure political motivations. Critically, local presence can improve 

monitoring of rural areas when federal presence is limited. Additionally, local 

information can help to tailor policies' designs to fit their local contexts, e.g., to focus on 

activities that are least costly to upstream providers or most likely to raise services.  

Experiences of Mexico's National Forestry Commission (CONAFOR) offer 

valuable learning along these lines. CONAFOR has run a 'typical', state-pay-landowner 

PES program since 2003. Multiple studies of this national program discuss its origins, 

                                                      

1 In China, that may include compelling (even if compensating) actions but here we focus upon voluntary 

situations. 
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functions, outcomes and impacts (see Muñoz-Piña et al. 2008, Corbera et al. 2010, 

Shapiro 2010, McAfee and Shapiro 2010, Sims et al. 2014 and Alix-Garcia et al. 2015 

among others). In terms of impacts, consistent with results concerning the Costa Rican 

national program (upon which Mexico modeled its 'typical' policy), studies find low 

effective conditionality on provision of additional ecoservices due to contracts (Sanchez-

Azofeifa et al. 2007, Arriagada et al. 2012, Robalino and Pfaff 2013 for Costa Rica). 

Variation across regions in Costa Rica suggests, though, that greater insistence upon 

impacts can raise additionality. Thus, one important question facing CONAFOR is how 

much to try to insist. 

Yet it is not only the detail of effective monitoring and conditioning upon impact 

versus baseline that may challenge PES. At a much broader scale, higher politics that at 

some points in time may support such programs (e.g., for Costa Rica, stories about IMF 

negotiations and Supreme Court cases involving protected areas) can turn against them. 

In Mexico, for instance, following the recent change in the political party in power, after 

the 2012 elections, not only has there clearly been change within CONAFOR, even the 

cancellation of all PES programs has been discussed. That may not be surprising, at 

national level, yet at least in principle such high politics could be irrelevant for PES if, as 

noted above, they were motivated by local benefits and costs differences. 

Consistent with such motivations, in 2008 CONAFOR started a program to create 

local PES that could eventually run independently but would be more likely to get 
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started with some assistance. The Fondos Concurrentes (or 'matching funds') offers a 50% 

subsidy on payments committed to in applications to Fondos  initiated by a range of 

actors − upstream, downstream, intermediary − but always include upstream service 

providers (landowners) and downstream service users (e.g., utilities) who, at a 

minimum, agrees to send funds upstream conditional upon relevant measures. 

Intermediaries often assist, with motivations from rural welfare upstream to conserving 

species. Comparing to 'typical' PES, such local PES clearly could be less vulnerable to 

higher politics. Further, if downstream actors are highly involved and motivated to get 

something for payments, such new local PES institutions also may fall on the higher end 

of insistence upon actual impact. 

Yet for groups free riding arises and for Mexico it is clear that upstream will 

function as groups, i.e., not individuals, since most of its forests are under collective 

titles, as ejidos or comunidades (Antinori and Bray 2004). Over half of PES participants live 

in communally held and governed lands (Alix-Garcia et al 2015). Of course if society is 

already organized into collective structures, such as ejidos, that could mean pre-existing 

'social capital' will help to address free-riding issues. 

In terms of relevance of such lessons for other locations, as in the non-point 

pollution literature we believe that information and transactions costs can lead more 

generally to group contracting. On the upstream side, it is likely to be very costly to 

collect information about the precise runoff to streams from individual properties or 
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even about land uses within relevant parcel boundaries. More likely for enforcement is 

that regional deforestation or water quality in rivers are measured,  implying that all 

whose behaviors affect those measured aggregates will form an effective group. 

Downstream, transactions costs are likely to dissuade individual users from 

initiating contracts. Thus a form of collective or group is likely to be involved, again 

potentially allowing free riding. 

Given all that, we model Fondos as an assurance game between upstream 

ecoservices providers and downstream ecoservices users. In assurance, one loses from 

contributing if others give little, yet gain rises with others' contributions (usually to 

become positive). For new local PES, we note two interpretations of contributions 

relevant to Fondos: first is effort to organize the PES, as it is clear that to attend meetings, 

etc., one must believe the other end of the watershed is sufficiently internally 

coordinated2;  and second is effort within PES, i.e., changes in land use upstream and 

payments from downstream. In both cases, assuming the conditions above for agreed 

PES prices, each end can gain from PES function, and thus from creating PES, as long as 

the other end plays. That also means each end could be 'sanctioned' by a temporary or 

permanent lack of function. 

                                                      

2 As in Ostrom (1990), institution building is a 2nd-order collective action dilemma in the sense that while 

the institution is for solving an incentive problem there are also incentive problems in donations to the 

institution. On the potential narrow rationality of cooperation given others' cooperation, see Stag Hunt 

game (Skyrms 2004). 
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Critically, then, there are high and low symmetric equilibria whose realization 

will depend upon groups' expectations of each other. For Mexico's ejidos, and potentially 

more generally as noted, coordination can be even trickier since each end of the 

watershed is a group whose members may free ride. Thus, we use groups in our 

assurance game and consider what shapes all expectations.  

In the Mexican context, based on qualitative fieldwork, one obvious determinant 

of expectations is CONAFOR itself. While not perfect, this state actor seems trusted to 

follow through on policy. Another obvious determinant is perceptions of how well an 

upstream collective functions, while a relevant downstream analog also holds, in a sense 

of perceptions of attentiveness to upstream.3 We reflect these determinants through our 

fieldwork on perceptions, through initial trust games, and through a focus in our 

assurance games on the threat and the use of sanctions on upstream.4 

We implemented our assurance game in real time, using upstream-downstream 

cellphone calls, by recruiting 240 downstream and 240 upstream participants in Fondos 

locations in the states of Veracruz, Yucatan and Quintana Roo. Before our assurance 

games, we conducted qualitative fieldwork on perceptions and at the start of our 

                                                      

3 Our focus on upstream follows from a need to limit our experimental scope and the fact that if PES are not, 

in fact, additional then it is only the upstream who benefit from the payments institution and are sanctioned 

by its cessation. 

4 Sanctions are rarely highlighted by CONAFOR or, for instance, as necessary for compliance with PES 

contracts in Costa Rica. We believe that is consistent with most contracts not actually insisting on changes 

relative to baselines. 
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sessions we conducted trust games.5 We found that perceptions aligned with trust-game 

behaviors which, in turn, predicted assurance baselines (better for downstream 

participants). In general, baseline assurance contributions are quite high.  

Our treatments, for changes relative to assurance baselines, focus on sanctions 

upon upstream. 6 We find that both the threat and the use of sanctions upon upstream 

raised giving by upstream. Thus, ‘motivational crowding’ of upstream’s cooperative 

incentives was not a dominant effect.  

Interestingly, when sanctions on upstream are available, the downstream users 

initially give less. Our best explanation is that users infer from options to sanction that 

upstream will not cooperate. However, in line with complementarity of up- and down-

stream, the giving still rises over time. Therefore, we think that sanctions could support 

upstream-downstream cooperative equilibria.   

Below, Section 4.2 gives background on CONAFOR’s national and local 

programs and our sites. Section 4.3 describes our model of interacting expectations in 

creating and maintaining local PES, which is formalized most specifically in the exact 

details of the assurance game that we played. Section 4.4 lays out our results in more 

detail and, finally, Section 4.5 offers additional discussion. 

                                                      

5 We run a one shot trust game before the baseline assurance decision. For trust game design see Berg et al 

(1985).  

6 We note that sanctions have occurred in the Monarch Butterfly Biosphere Reserve (Honey-Roses et al. 

2011). 
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4.2 PES in Mexico: Two Major Federal Forest Initiatives and Our 
Sites  

4.2.1 CONAFOR’s National Program of State-Landowner Payment  

Mexico’s largest national program of ecopayments, the Payments for 

Hydrological Services (Pago por Servicios Ambientales Hidrológicos - PSAH) was started in 

2003 in response to water scarcities and deforestation (deforestation in Mexico is about 

195,000 hectares of forest per year (FAO 2010)). CONAFOR enrolled over 2.6 million 

hectares of land between 2003 and 2011, making its PES program one of the largest PES 

programs in the world (Alix-Garcia et al 2015).  

Landowners agree to maintain forest cover and implement a set of related 

management activities in exchange for a fixed compensation per hectare for a period of 

five years (CONAFOR 2011). The price per hectare is determined by estimates of 

opportunity costs and ecoservices produced. Which lands are eligible depends on water 

scarcity and other policy criteria (Muñoz-Piña et al 2008) and, as noted, an increasing set 

of authors have commented on the forest impacts of PSAH. Private and communal 

landowners are eligible. In Mexico, most forest land is common property, broadly 

classified as nucleos agrarios (Antinori and Bray 2004). Although small private property 

holders are allowed to enroll, the majority of participants and area enrolled comes from 

these nucleos agrarios. Payments go to a nucleo's governing body, which decides how to 

use the funds (Shapiro 2010). Collective capacity at the community level will affect 

environmental outcomes.  
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Landowners can enroll the forest on all or a part of their property. They must 

maintain forest on enrolled land but can change land cover in other parts of the property 

(Alix-Garcia et al 2015). Compliance is verified through satellite images and yearly on-

ground visits. If CONAFOR finds deforestation due to intentional actions such as 

logging or conversion to agriculture or pasture, parcels are removed from PSAH and the 

payments stop. For natural causes such as fire or pests, however, the parcels can remain 

in PSAH but payments are reduced (Muñoz-Piña et al 2008).  

Selection into the program has changed over time, perhaps interpretable as 

adaptive management (Sims et al 2014). Forest-cover requirements fell, while an 

emphasis on active, sustainable forest management activities (versus pure untouched 

conservation) rose. Participants are required to develop forest-management plans 

including firebreaks, forest patrols to prevent illegal logging, reforestation, fencing to 

exclude cattle, soil conservation and pest control. Addressing poverty is not a primary 

goal of the program but the maintenance of rural income has been made explicit by 

prioritizing funding for municipalities with a high degree of poverty or a high 

percentage of indigenous populations (Alix-Garcia et al 2015, Sims et al 2014, Muñoz-

Piña et al 2008). The political drive to use PES programs at least in part for poverty 

alleviation is an important part of the dynamics in the Mexican context (Shapiro-Garza 

2013, McAfee and Shapiro 2010). This can target sites with marginalized populations 
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and affect emphases across many possible forest goals. This focus interacts strongly with 

common-property lands. Social agreements are very relevant7. 

To date, these payments have been funded by an earmark from federal revenues 

from water fees, an effort to link those who benefit from the services provided and those 

providing those services (Muñoz-Piña et al 2008). Representing many, the federal 

government has remained the exclusive buyer of environmental services (Shapiro-Garza 

2013). Yet as Wunder et al. (2008) have noted, some government-financed programs are 

attempting to evolve to user-financed programs more closely targeted to local 

conditions. That is precisely our focus, given a key initiative in Mexico. 

4.2.2 Fondos Concurrentes: Creating New, Local PES Mechanisms 

Mexico's program to facilitate the creation of local mechanisms to provide 

services (PSA-ML), implemented as ‘matching funds’ (Fondos), began in 2008. It aims to 

provide incentives for organizational partnership and social arrangements to link users 

with providers of hydrological, biodiversity and greenhouse-gas-sequestration services. 

Local PES are defined by CONAFOR as “institutional arrangements to transfer resources 

from users of ecosystem services to the owners of the forestlands where the services are 

generated, with the aim of promoting the adoption of best management practices and 

the conservation of land that will maintain and/or improve the provision of these 

                                                      

7 Alix-Garcia et al (2015) found that even though there is a trade-off between reducing poverty and avoiding 

deforestation, the situation in common-property lands is different. Compared to individual properties, the 

program is more effective in avoiding deforestation in common-property and still has positive effect in 

reducing poverty.  
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services” (CONAFOR 2011, p. 12). The great majority of such initiatives have involved 

hydrological services. It is these local PES mechanisms that are our focus here. 

In Fondos, CONAFOR partners with local or regional organizations (socios locales), 

who may represents the interests of providers or of users including water utilities, 

municipal and state governments, and civil society. Contracts run 5-15 years. The socios 

are responsible for linking users and providers and have quite a bit of leeway, given that 

partners are responsible for half the funding. The program is meant to be a transition 

from state-financed PES to user-financed PES. CONAFOR and the socio can decide the 

rate of payment but CONAFOR cannot pay more than in the national program, so any 

additional payment has to be funded by the users. That could well be sensible, e.g., if 

users targeted parcels of particular interest to them and realized that the opportunity 

costs were higher. Contracts within Fondos can include activities beyond those required 

by CONAFOR. Such flexibilities are intended to help in adapting to local conditions. 

As in the national program of 'typical' state-landowner payments, failure to 

protect the contracted forests can result in sanctions, such as payments being cut or 

stopped. Naturally, monitoring of compliance is critical and in Fondos, unlike the 

national program, some of the monitoring of upstream activities and outcomes is the 

responsibility of the local partner on behalf of the users.  

Fondos is still relatively small.  From 2008 to 2014, 308,305 hectares were 

contracted under the program. That involved 99 local partners: 31 civil society 
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organizations; 14 state governments; 32 local governments; 3 water utilities; 12 private 

companies; and 7 other organizations. This set of organizations act on behalf of users, 

who often pay via local taxes, water fees or donations.  To our knowledge, this the only 

case in which a state policy supports the creation of local PES (as opposed to organic 

local PES as in Wunder et al 2008, Porras et al 2008). That said, surely lessons from other 

local PES will be relevant for what works and does not in the Fondos context. Studies 

(e.g. Hecken et al 2012; Asquit et al 2008; Wunder and Alban 2008; Kosoy et al 2007) 

suggest local institutional contexts are critical and upstream-downstream trust is a key 

challenge. 

4.2.3 Our Sites (within Fondos) 

For the most part, ecoservices providers in Fondos are ejidatarios or small land-

owners who live upstream on rivers or in sites of aquifers recharge. Users are in towns 

downstream. How users link to each other users varies. While some may make 

voluntary donations on their water bills, others pay mandatory fees through water bills, 

e.g., but do not make active donation decisions.  

After consulting with Fondos staff, and visiting 12 Fondos sites in mid-2013, to 

carry out our framed field experiment after a field pilot we chose three sites to revisit in 

summer 2014: one in the state of Veracruz led by the NGO SENDAS; one in the state of 

Yucatan led by the NGO Niños y Crias; and one in the state of Quintana Roo State led by 

the NGO Amigos de SianKa’an. One of the primary reasons for choosing these three was 
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that in all three there are multiple users and multiple providers, versus other sites with a 

single large actor such as a downstream utility or upstream landowner making all the 

decisions, so that no collective action is required. The providers who participated are 

inhabitants of ejidos that have land registered in the program and that provide water to 

the cities where users live, i.e., Xalapa (Veracruz), Cancun (Quintana Roo) and Merida 

(Yucatan).  

We complemented our economic experiments with surveys and community-

level discussions to explore features of our cases and participants. These are 

summarized in Table 19. We find some relevant contrasts among cases. For instance, 

while ejidos in the case of Quintana Roo have not been divided into individual plots, in 

Yucatan and Veracruz cases the property rights have been partially individualized. 

Yucatan and Veracruz ejidos face larger opportunity costs to conserve than Quintana 

Roo. While most of the Quintana Roo and Veracruz providers that participated in our 

experiments are ejidatarios, i.e. have property rights, most Yucatan participants do not 

have property rights but are allowed to live within the ejido, i.e. are avecindados or 

comuneros8.  

 

                                                      

8 A constitutional reform in 1992 gave ejidatarios the freedom to change the property rights in ejidos, in 

particular reallocate land between common property and individual parcels and add new members 

(Munoz-Pina et al 2003).  
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Table 19: Descriptive Statistics Concerning Participants, Fondos Sites 

PROVIDERS 

80 people per case 
Veracruz 

Quintana 

Roo 
Yucatan 

        

Sociodemographic characteristic       

Gender (% women) 57.5% 23.2% 68.3% 

Age 38.3 49.3 32.5 

Years of education 5.2 6.3 7.8 

Household size 5.4 5.2 5.1 

Time living in the community (years) 28.4 42.7 27.8 

Weekly income (US$) $43.4  $43.4  $46.7  

Weekly expenses (US$) $32.4  $39.8  $37.6  

        

Land property        

Farmer 62.3% 81.6% 30.4% 

Land use for cropping 3.2 6.8 16.6 

Ejidatario or ejidatario's wife 53.2% 78.4% 30.0% 

Avecindado or comunero  45.5% 15.2% 53.7% 

Small landholder 1.3% 0% 16.2% 

        

Trust and social capital       

Participation in a community group 60% 52.9% 41.3% 

How many hours a month?  17.5 8.3 9.2 

Participation of community members (out of 10 people) 5.2 4.7 5.8 

        

Who you can trust in your community?        

Most people 25.0% 31.0% 15.0% 

Most people but you have to be careful with some 50.0% 43.7% 37.5% 

You have to be careful with most people 21.3% 17.2% 42.5% 

        

Who you can trust in the city?       

Most people 6.3% 17.2% 2.5% 

Most people but you have to be careful with some 28.8% 46.0% 31.3% 

You have to be careful with most people 56.3% 26.4% 62.5% 

        

Local PES Program       

Does your community participates in the PES program?  76.3% 56.3% 53.8% 

Days a month devoted to the forest maintenance       

0 days 13.8% 9.2% 40.0% 

1-2 days 51.3% 46.0% 18.8% 

3-5 days 23.8% 17.2% 23.8% 

More than 5 days 7.5% 17.2% 11.3% 
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USERS 

80 people per case 
Veracruz 

Quintana 

Roo 
Yucatan 

        

Sociodemographic characteristic       

Gender (% women) 55.0% 61.2% 55.0% 

Age 35.1 33.3 31.9 

Years of education 13.3 13.7 14.8 

Household size 4.1 3.4 3.7 

Time living in the community (years) 20.3 14.2 22.8 

Weekly income (US$) $182.6  $347.2  $217.0  

Weekly expenses (US$) $115.9  $186.0  $129.9  

        

Trust and social capital       

Participation in a community groups   42.5% 35.0% 

How many hours a month?    35.5 15.4 

        

Who you can trust in your community?        

Most people 10.0% 11.3% 10.0% 

Most people but you have to be careful with some 61.3% 67.5% 76.3% 

You have to be careful with most people 20.0% 17.5% 13.8% 

        

Who you can trust upstream / in the jungle?       

Most people 8.8% 8.8% 3.8% 

Most people but you have to be careful with some 57.5% 68.8% 62.5% 

You have to be careful with most people 28.8% 18.8% 30.0% 

        

Perceptions about water scarcity       

Water scarcity in your community  50.0% 15.0% 16.3% 

        

PES program       

Do you make a payment in your water bill for forest 

protection?       

Yes 5.0% 0.0%   

No 37.5% 42.3%   

Not know 57.5% 57.5%   

How much would you be willing to pay per month? (US$)   $9.3  $2.5  

How much would you be willing to pay per year? (US$) $22.0  $111.3  $35.5  

        

 

On the user side, there are sharp contrasts in perceptions across cases. While 50% 

of Xalapa (Veracruz) participants think that there is water scarcity, these percentages are 

of 15% and 16.3% for Cancun (Quintana Roo) and Merida (Yucatan) respectively. Water 
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quality issues are noted in both Merida and Cancun (while Veracruz water systems 

work in a watershed structure, Yucatan and Quintana Roo are based on aquifers and 

water infiltration). Historical tensions between users and providers are more evident in 

Yucatan where some providers say that the city is buying and underpaying ejido lands to 

ensure water provision in the long run, leaving ejidatarios in strategic locations with no 

land and no water. Yucatan users also distrust providers, blaming them for a fall in 

water quality and expressing doubt about the upstream commitment to forest 

conservation.   

4.3 Upstream-Downstream PES Assurance Game 

Inspired by Fondos, a novel public policy attempting to guide behavior by 

shifting the structure of the local situation, our assurance game for building and 

maintaining new local PES institution is a new experimental design. While bringing 

together groups, it is an adaptation of Stag Hunt (Skyrms 2004). In ‘Stag Hunt’, hunters 

can work together to catch big prey with greater value per person or work alone to catch 

small prey with less value per person. If a sufficient number of others cooperate so that 

the group can succeed in catching the big prey (stag), it is rational for each person to do 

that. But if an insufficient number of others will do that, then the individual strategy is 

to defect from the collective action and to work individually on catching small prey. 

Either cooperation or defection can be rationale, depending on beliefs (Skyrms 2004). 

Thus, the Stag Hunt or Assurance has multiple symmetric Nash equilibria − all 
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cooperate and all defect − plus sometimes other equilibria where only some people are 

cooperating. As expectations are critical and can based on the past, behaviors can be self-

reinforcing (Mayer 2014). Tools other than monetary incentives that change beliefs 

clearly can induce cooperation in a Stag Hunt game. 

Building a new local PES mechanism can resemble a Stag Hunt, as can the 

ongoing function of such a new institution. Organizing one's end of a watershed is 

pointless if the other end cannot function. Further, trust is critical for beliefs. Building 

institutions takes time, meetings, consensus building, process development and then all 

that again whenever new situations arise. 

Once PES is established, downstream effort to collect contributions to pay for 

services will not be productive if upstream the institution has fallen apart, e.g., is no 

longer shifting behaviors as desired for downstream payoffs. Likewise, costly upstream 

action to produce ecosystem services is not productive if the downstream end has fallen 

apart politically, so that payments fall to zero.  Generally, if the other side does not do its 

part, the marginal payoff from effort will be negative. 

4.3.1 Assurance between Groups (Free-Riding at Each End)  

Creating a new local PES often involves groups of providers and users. Even if 

an individual full well understands the complementarity of those groups' efforts, she 

might still choose to free ride. Thus, a novel element of our Group-Group Assurance is 

within-group incentives for free riding. Free riding can collapse within-group and, 
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consequently, upstream-downstream coordination. In our field-lab experiment, each 

provider and each user decides how much effort to contribute to the local PES. Field-lab 

experiments allow the study of institutions with relevant populations and with 

experimental control. Settings and policies are stylized, yet are incentivized and framed 

in ways analogous to reality. This provides a means to simulate, ex-ante, the impact of 

policy shifts. The use of payments increases incentive compatibility relative to 

hypothetical questionnaires. 

In our experiment, each participant in each group can decide between 0, 1, 2 or 3 

effort units. We framed it as ongoing PES, with contributions by providers represented 

by trees – i.e., changes in land use raising tree cover – while contributions by user were 

represented as coins – i.e., payments. Unlike in a public good game, nobody gets any 

benefits from their own group’s contributions. Instead, one's earnings rise as 

contributions from other members of the group rise, and fall as one make contributions 

oneself. Cooperation (high contributions) can be a rational strategy if one believes there 

will be sufficient aggregate contributions by the other group. We cannot predict 

contributions levels using other regarding preferences but the more contributions by the 

other group, the better it is to contribute.  

Figures 5 shows the payoffs given one's own and the other end's contributions. 

The latter is shown in ranges to reduce the number of combinations to consider. The 

sum of contributions by the other group ranges from 0 to 15 (5 people doing 0-3), while 
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one's own ranges from 0 to 3 and there are 16 cells distinguished by their payoffs. Figure 

6 is the normal form of the static game played by a single provider with the group of 

users. There is an equilibrium with all zeros, i.e., nobody contributes anything, as well as 

a weak cooperative equilibrium with full contributions. Appendix C depicts how we 

implemented this graphically for experimental sessions in the field. 

 
Figure 5: Payoffs Structure in the Upstream-Downstream Assurance Game 

 

 
Figure 6: Normal Form of the Upstream-Downstream Assurance Game 
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4.3.2 Information and Sanctioning in Group-Group Coordination 

We explore the potential for institutional interventions that might increase 

contributions. If such policies are to increase impact, for instance by monitoring 

additionality and cancelling contracts, sanctions of various types may be signals of 

dissatisfaction before more drastic actions are taken. Non-compliance could be 

sanctioned by a cancellation of the contract or reduction of payments, which can be 

decided either by CONAFOR or by the local partner. Such big sanctions – in which 

everybody is worse off – could be seen in our experimental setting as an all-zeros 

equilibrium. 

The sanctions in our treatments could be seen as complementary to non-

cooperation since they can be coordination tools that help to sustain cooperation. Peer 

sanctioning, for instance, allows participants to express their prosocial motives (e.g. 

reciprocity) by targeting specific behaviors in addition to expressing them through 

cooperation in provision of public goods (Sefton et al 2007). 

Field and experimental evidence have shown that conditional cooperation and 

costly punishment of free-riders are two key factors in overcoming the dilemma of 

cooperation (e.g. Ostrom 1990; Rustagui et al 2010; Chauduri 2010). The effectiveness of 

costly punishment lies in two elements: 1) cooperators are willing to pay to sanction 

free-riders; and 2) the more participants deviate from group contributions, the more 

heavily they are sanctioned (Fehr and Gatcher 2000). However, not only monetary 
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sanctions enhance cooperation. Non-monetary sanctions such as expressions of 

disapproval can also boost cooperation (Masclet et al 2003; Lopez et al 2013).  

External sanctioning interventions might crowd out intrinsic motivations 

(Cardenas et al 2000). Peer sanctioning helps groups to increase and sustain cooperation 

(Fehr and Gatcher 2000). Peers may reinforce reciprocity and fairness as opposed to self-

interest, provide positive information about other group members’ pro-social motives 

and activate shame and other social preferences (Bowles and Polania-Reyes 2012, Bowles 

2008).  We want to build on all of this literature. 

Thus after a baseline decisions in the upstream-downstream assurance game, 

without providing feedback on the baseline, we start by providing to all information 

about upstream behavior. Then, on the basis of that information, i.e., on top of providing 

that same information in each of the following, we add one of three types of potential 

sanctions as an option for the participants. That yields four treatments, three of which 

we compare to information alone for sanction effects:  

 Information on Upstream Behavior Alone: after everybody has made a contribution, 

the facilitators anonymously list the actions of all the providers for all 

participants to see, users and providers (anonymity is achieved via random 

assignments of animal pictures). 

 Upstream-Upstream Nonmonetary Sanction:   after seeing the list of upstream 

choices, for a cost of MXN$10 providers can send a red card, as a disapproval; 



 

97 

the facilitators display the red cards received by each participant upon the 

behaviors list, keeping all decisions anonymous, as in the previous treatment, as 

well as the card senders. 

 Downstream-Upstream Nonmonetary Sanction: after seeing the list of upstream 

choices, for a cost of MXN$10 any user can send a red card, as a disapproval; the 

facilitators display the red cards received by each participant upon the behaviors 

list, keeping all decisions anonymous, as in the previous treatment, as well as the 

card senders.  

 Downstream-Upstream Monetary Sanction: after seeing the list of the upstream 

choices, for a cost of MXN$10 any user can monetarily sanction any provider (as 

many providers as one likes though at most one sanction per provider from any 

user); each sanction received by a provider has a cost to them of MXB$30 and all 

is anonymous9.  

While monetary sanctions reduces earnings for the sanctioner and the sanctionee, 

non-monetary sanctions have monetary cost only for sanctioners. The latter could be 

more efficient, if equally effective. However, compared with monetary sanctions, non-

monetary sanctions as rewards have a weaker effect over time on sustaining cooperation 

                                                      

9 This ratio of the fine to the fee (3 to 1) is widely used in the public goods punishment literature as an 

approach that is considered to be effective in sustaining high contributions (Chaudhuri 2010; Nikiforakis 

and Normann 2008).  
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(e.g. Masclet et al 2003; Sefton et al 2007), although it may be that such a time effect is not 

observed in field subjects (Lopez et al 2013). 

A differences between our sanctions and peer-sanctioning in the literature is that 

we included between-group peer sanctioning from downstream to upstream 

participants. We will observe if downstream participants are willing to invest in 

punishing upstream participants – in addition to continuing to cooperate by 

contributing – and if upstream participants will respond to that by increasing their 

contributions or, conversely, if that might create 'motivation crowding' upstream. 

4.3.3 Recruitment and Implementation  

After a field pilot of our experiment − done in Coatepec10, which is also within 

Veracruz State − we recruited 240 downstream and 240 upstream Fondos participants in 

each of the three sites. Sessions included 10 users and 10 providers who played 

simultaneously in different locations: users were in cities; while providers were 

upstream. Recruitment was through the local NGOs implementing Fondos. They invited 

providers from ejidos where they are executing local PES − or starting − and, for the 

users, inhabitants of the cities receiving services from those ejidos.  We placed facilitators 

with the users and with the providers, researchers from Duke University and our 

partner NGOs. Interaction between the users and providers was by the facilitators using 

                                                      

10 We would be remiss not to mention the significant adjustments brought about by our learning in this field 

pilot. We simplified the game and, given high baseline cooperation, we made it harder by lowering own-

giving payoffs. 
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cell phones. For delivering consistent instructions and experience in each case, in all 

three cases a single experimenter led all sessions with providers and another led all the 

sessions with users. 

Before the assurance game, we anonymously matched individual providers and 

users for Trust games (Berg et al. 1995) framed as water and payments (see Cardenas et 

al. 2015)11. Decisions were communicated by phone, again with anonymity assured 

through use of identification numbers (from 1 to 10, assigned before any games). Results 

of Trust games are compared with qualitative site observations and the results for 

Assurance, for which participants did not know Trust results.  

Finally, for the Assurance game, we split the providers as well as the users into 

two groups of five. Each group was anonymously matched with one of the groups at the 

other end of the watershed and participants in each group made their individual 

contribution decisions. To split and match the groups, we use the color of the 

participants’ identification number card, so providers with the green cards formed one 

group and providers with the yellow identification cards formed another. The green 

group of providers was matched with the green group of users and same for yellow.  

                                                      

11 Two players are endowed with eight tokens. First mover decides how much to send to the (anonymous) 

second-mover. The experimenter triples that amount, then second-mover decides how much to send back to 

first-mover.  
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After the Assurance baseline with no information or sanctions, all other rounds 

have information on upstream and sometimes also sanctions. Finally, we never tell them 

the baseline results. 

4.4 Results 

4.4.1 Trust Game 

We found associations between Trust responses and perceptions expressed by 

our participants. For instance, downstream water users in the Yucatan, who expressed 

that those 'in the jungle' upstream are responsible for the reduction in water quality for 

the city, had lowest Trust giving. That is seen in Table 20, which examines differences 

across regions and upstream/downstream in the tokens entrusted to an unknown person 

at the other end of a watershed (Trust's first decision). We note also higher downstream 

1st-stage giving by women, while upstream the men gave more. Especially in Quintana 

Roo, those included men familiar with PES, as longstanding ejidatorios. Overall, we find 

significant variation, across sites and individuals, for both of the trust responses (which 

are less correlated upstream, consistent with varied exposures to up-down 

interactions12). 

 

                                                      

12 A lack of correlation, which is methodologically interesting, is between these two responses in Trust 

games and direct answers to standard questions about trust on a survey after the game. There is evidence 

that surveys aimed at measuring trust such as the World Values Survey – like the survey we implemented - 

correlate more with trustworthiness than with trust measures in the trust game (Cardenas and Carpenter 

2008). Likewise, other studies have found a lack of correlation between individual trust game decision and 

other survey measures of cooperation (Bouma at al 2008).  
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Table 20: Behavior in Initial Trust Game (by region, location and individual) 

  TRUST HOPE  

 Pooled Pooled Downstream 

    

Yucatan Upstream 1.497*** -0.383*  

 (0.386) (0.195)  

Q. Roo Upstream 1.390*** -0.481**  

 (0.375) (0.220)  

Veracruz Upstream 1.342*** 0.115  

 (0.416) (0.220)  

Q. Roo Downstream 0.537* 0.0946  

 (0.288) (0.145)  

Veracruz Downstream 0.740** -0.192  

 (0.294) (0.152)  

Age 0.00886 0.00734* 0.0106* 

 (0.0077) (0.0038) (0.0055) 

Gender (1 if woman) 0.480* 0.0209 0.0240 

 (0.246) (0.120) (0.120) 

Gender * Upstream -0.822** 0.0282  

 (0.361) (0.187)  

Education 0.0698*** -0.0137 -0.0163 

 (0.0259) (0.0129) (0.0172) 

Quintana Roo   0.294** 

   (0.147) 

Yucatan   0.204 

   (0.153) 

Constant 2.798*** 1.746*** 1.474*** 

 (0.557) (0.273) (0.340) 

    

Observations 458 438 235 

R-squared 0.043 0.064 0.041 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

HOPE (Trust Ratio) = Expected Return/Giving 

Yucatan Downstream omitted 

 

Quintana Roo's downstream (users) expressed that upstream do comply with 

forest conservation, once they have committed to it for payment. Those users expected 

more from Trust's 2nd stage. That is also in Table 20, which also examines differences 

among downstream actors, across sites, in the tokens expected back from the unknown 

individual upstream, i.e., Trust's second decision. Table 20 actually finds this regional 

variation in expectations even controlling for giving levels, as its dependent variable is 

the ratio over giving of the expected return, which rises with giving.  
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4.4.2 Assurance Game 

Further linking types of behavior, Trust behaviors had predictive power for 

Assurance baselines, i.e., for giving in the Assurance game in the initial round − before 

anybody knows of treatments. Specifically, the more one gave or entrusted in the first 

Trust decision, the more one contributed in the baseline of the Assurance or institution-

creation game. People simply differ from the start. This is seen in Table 21, controlling 

for the differences by regions, locations, and characteristics. 

Such links are robust even when we instead use the return that one expected 

from Trust's second decision. In Table 21, controlling again for regions, locations in 

watershed and individual characteristics, Trust expectations are correlated with 

Assurance giving (the expectation-to-giving ratio was not). We note that this is 

especially strong for downstream − almost twice as strong as for upstream. 

Given that zero is the highest own marginal product of contributions in 

assurance, the baseline contributions seemed relatively high. We speculatively correlate 

this with prior exposures to and predilections toward local PES, as our sites participate 

in Fondos. It may be explained by play starting cooperatively, which may have to do 

with signaling, perhaps thinking in real or potential local PES mechanisms. Upstream 

wants to keep involved in the program, i.e., receive payments, and downstream wants 

to keep receiving environmental service generated by upstream’s actions. Even if our 

sample were prone to cooperative contributions, though, for assessing the treatments we 
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subtract baseline individual contributions and find there is still room for positive 

impacts. 

Table 21: Behavior in Assurance Baselines (linked with trust choices) 

 Assurance Baseline Contribution 

 Pooled data 

   

TRUST GIVING 0.0949***  

 (0.0295)  

TRUST EXPECTED (Expected Return)  0.0353*** 

  (0.0107) 

Veracruz Upstream 0.363** 0.261 

 (0.177) (0.183) 

Q. Roo Upstream 0.531*** 0.611*** 

 (0.202) (0.221) 

Veracruz Downstream 1.074*** 1.072*** 

 (0.186) (0.187) 

Q. Roo Downstream 1.185*** 1.109*** 

 (0.181) (0.180) 

Yucatan Downstream 0.963*** 0.892*** 

 (0.185) (0.182) 

Age 0.00813* 0.00781* 

 (0.00461) (0.00474) 

Gender (1 if woman) 0.0932 0.163 

 (0.108) (0.108) 

Education -0.0229 -0.0187 

 (0.0156) (0.0159) 

Constant 0.981*** 1.104*** 

 (0.280) (0.262) 

   

Observations 458 440 

Tobit model - Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Yucatan Upstream omitted 

 

4.4.3 Upstream Contributions and Sanctions (threats and uses)  

Table 22 shows that the threat and the use of sanctions upon upstream raise 

giving by upstream. 'Threat' means the announcement that for Round 1 in the Assurance 

game, unlike in the baseline, some actor will have the option to impose a sanction upon 

any individual upstream participant (based on knowledge of upstream contributions 
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since, from Round 1, everyone sees them listed). Figure 7 (per site in Appendix D) shows 

dynamic upstream behavior before and after sanctions.  

 

Figure 7: Upstream Assurance Contributions (across rounds, averages for 

treatments) 

Models (1) and (2) consider contributions in Round 1 minus baseline before any 

sanctions have occurred. These results robustly support the claim that threat of 

monetary sanctions increased participants’ contributions for low baselines. It is 

interesting to note that the threat of non-monetary sanctions also raise contribution even 

though they don’t imply monetary costs – although maybe psychological costs – for the 

sanctionee. The two models, however, break down the data rather differently to tell 

different stories. The initial regression assumes that differences in baseline giving are 

fixed differences across people, with no implication for changes later, e.g., for the Round 
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1 minus baseline change. Under that view, a threat of either of the types of sanction by 

downstream raises the level of contributions we see from upstream participants. 

Table 22: Upstream Assurance Contributions (linked to threat and use of 

sanctions) 

 Threat (Round1 – Round0) Use (R2-R1 & R3-R2) 

VARIABLES (1) (2) (3) (4) 

     

Baseline contribution  -0.371***   

  (0.108)   

Up-Up Non-monetary 0.0724 0.0858 0.140 0.146 

 (0.191) (0.355) (0.158) (0.158) 

Down-Up Non-monetary 0.316** 0.233 -0.155 -0.143 

 (0.145) (0.309) (0.105) (0.107) 

Down-Up Monetary  0.296* 0.685** -0.115 -0.127 

 (0.176) (0.295) (0.121) (0.121) 

Baseline*Up-Up Not$  -0.0641   

  (0.168)   

Baseline*Down-Up Not$  -0.0133   

  (0.138)   

Baseline*Down-Up Yes$  -0.294**   

  (0.144)   

Got sanctioned in t-1   0.623***  

   (0.126)  

Got monetary sanction in t-1    0.713*** 

    (0.219) 

Got non-monetary sanction in t-1    0.584*** 

    (0.154) 

Others’ contribution in t-1   0.0558** 0.0552** 

   (0.0230) (0.0231) 

Quintana Roo -0.0850 0.103 -0.0901 -0.0911 

 (0.147) (0.125) (0.114) (0.114) 

Veracruz 0.108 0.189 -0.261** -0.258** 

 (0.151) (0.141) (0.118) (0.118) 

Age 0.00430 0.00689* 0.000130 0.000135 

 (0.00426) (0.00366) (0.00341) (0.00340) 

Gender (1 if woman) -0.121 -0.141 0.108 0.106 

 (0.129) (0.120) (0.0880) (0.0885) 

Education -0.000367 -0.00760 0.000102 0.000300 

 (0.0158) (0.0139) (0.0142) (0.0142) 

Constant -0.157 0.460 -0.268 -0.265 

 (0.256) (0.320) (0.281) (0.281) 

     

Observations 222 222 444 444 

Tobit model - Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Model (2), though, allows that perhaps the initial choice affects the later changes. 

Contributing maximally in the baseline means, e.g., one could not possibly raise 
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contributions Experimentation with more extreme giving levels in the baseline, high or 

low, also could explain lower changes in contributions after higher baseline giving. One 

way or another, it would seem that baseline changes could affect not only future 

changes but also even affect treatments' effects. Allowing for such possibilities, in the 

second regression, higher baseline giving is associated with fewer changes afterward. 

However, a threat of monetary sanctions still raises lower giving. 

Model (3) then considers the effect of the actual use of sanctions based on past 

upstream choices. As sanctions do not occur until after Round 1, it considers the two 

changes following Round 1, i.e., the change in contributions from Round 1 to Round 2 

and change from Round 2 to Round 3. For this evolution of contributions over time, 

interestingly the sanction treatments themselves do not have significant impacts. That 

could make sense, though, since now sanctions have occurred. The mere possibility of a 

sanction may not mean much when a sanction was not actually applied. 

On the other hand, when a sanction was applied, it very clearly appears to 

increase contributions. Model (3) has a very significant and meaningful increase in 

upstream contributions by those who were previously sanctioned − controlling for the 

treatments, the regions, and the characteristics. Thus unlike in some other literature in 

which actors respond negatively to enforcement by others, here, at least while the 

sanctions are in effect any 'motivation crowding' is not a dominant result. 
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We also control for contributions by others in one's own upstream group in the 

previous round, and in fact that giving has a positive effect on one's own giving 

upstream. This looks like trust that counters free riding. When a participant upstream 

can see that her colleagues are also giving (recall, again, that the giving levels by the 

upstream group members are listed for all to see) that can spur confidence that, in 

making contributions, she will not be abandoned by her colleagues.13 

It is worth noting that model (4) shows that both monetary and non-monetary 

sanctions are effective in increasing contributions, considering the participants who 

were actually sanctioned, although the larger effect is of monetary sanctions. The use of 

non-monetary sanctions was more common than of monetary sanctions, however, with 

31% of participants versus 18% in round 1, 26% versus 12% in round 2, then 26% versus 

7% in round 3. This may be explained by the fact that given the cost that monetary 

sanctions impose on sanctionees, their effects are immediate, and more durable, while 

non-monetary sanctions are required to be reinforced round after round. 

 

                                                      

13 Along these lines, the sanction and colleague-giving results could be interpreted purely as responses to 

colleagues. In Table 5, being sanctioned and colleague giving both raise contributions. Yet, then, higher own 

contributions and lower giving by colleagues imply the opposite. We find a negative effect of "your giving 

minus colleagues" and that it is highly correlated with the variables included here − and thus its inclusion 

can crowd them out in the regression.  



 

108 

4.4.4 Downstream Contributions and Sanctions (options and uses)  

As when considering upstream's contributions, we start by examining 

expectations of sanctions. Downstream users are not sanctioned so, unlike the upstream 

providers, they do not face threats. Yet expectations enter, as optimal contributions 

depend on the contributions expected upstream. A possibility of sanctions on upstream 

actors could affect those expectations in either direction. On the one hand, downstream 

could anticipate that upstream would react to the sanctions threat. If anticipating Table 

22, downstream will expect a rise in at least lower initial giving upstream. 

Bowles (2008), however, has hypothesized that incentives convey information in 

such a way that participants interpret the situation and intentions of the others. One can 

'interpret the treatment'. Telling downstream users that they could use a sanction on 

upstream could slander the upstream or, more generally, cause downstream to believe 

that upstream is not likely to play cooperatively (i.e., setting out "a constitution for 

knaves" could generate more 'knavish' behavior). Model (1) in Table 23 supports the 

latter hypothesis, with downstream sanction options lowering giving14 and, 

interestingly, no significant effect on downstream giving of allowing upstream to self-

                                                      

14 Another possible explanation for such a result could be that downstream would anticipate 'motivation 

crowding', i.e., upstream reacting negatively to the threat of external sanction by lowering contributions, 

making it less good for downstream to contribute. As upstream did not react that way in Table 4, it seems 

hard to assert such expectations. 
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sanction15 (and Figure 8 (per site in Appendix D) shows downstream behavior before 

and after sanctions). 

 

Figure 8: Downstream Assurance Contributions (across rounds, average for 

treatments)  

A feature of that latter hypothesis is that it concerned expectations, distinct from 

actual behavior. Put another way, even if the sanction - setting initially led downstream 

to expect little of upstream, still if upstream played cooperatively early on, then  the 

beliefs on the part of downstream could shift. Downstream actors might well update 

their expectations of future upstream behaviors, based on upstream's actual past 

behavior, as opposed to inferring from the treatment alone as for Round 1. 

                                                      

15 Given the significant effect of baseline contributions in Table 4 and here, we control for such potential 

effects. However, testing for interaction effect on treatments of baseline contributions, as in Table 4, found 

nothing here. 
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Models (2) and (3) in Table 23 suggests that sort of process happens as we move 

from Round 1 to later rounds, i.e., from operating solely on expectations of treatment 

effects into real reactions. Both treatments with downstream sanctions on upstream are 

significant, as they are in model (1). However, for both downstream sanction treatments, 

the signs are now reversed from model (1) We believe that is what one would expect if 

positive play upstream overcomes pure expectations: instead of treatment effects, these 

positive coefficients are really the erasure of model (1) effects, i.e., a normalization of 

expectations about upstream as actual play overwhelms pure speculation. 

Given that effect of setting (then its erasure), models (2) and (3) also considers 

actual sanctions. As downstream users are not sanctioned, here we consider associations 

with sending a sanction. Controlling for treatments, regions and characteristics, sending 

one lowers the change in giving. Thus, while a trend might be positive early play by 

upstream and normalization of expectations, when downstream is compelled to sanction 

this seems to lower expectations and thus also giving (even though in principle sending 

sanctions could yield beliefs that upstream will jump upward). It is interesting hat when 

we split monetary and non-monetary sanctions sent, the negative effects only hold for 

the monetary sanctions, even though sending cost is the same for both treatments. 

Finally, unlike in Table 22, the others' giving at one's end of one's watershed lowers 

one's giving. 
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Table 23: Downstream Assurance Contributions (linked to option and use of 

sanctions) 

 Option (R1-R0) Use (R2-R1 & R3-R2) 

VARIABLES (1) (2) (3) 

    

Baseline contribution -0.613***   

 (0.0692)   

Up-Up Non-monetary -0.107 0.0431 0.0280 

 (0.149) (0.156) (0.157) 

Down-Up Non-monetary -0.332*** 0.273** 0.230** 

 (0.101) (0.106) (0.109) 

Down-Up Monetary  -0.511*** 0.233* 0.276** 

 (0.120) (0.135) (0.140) 

Sent sanction in t-1  -0.239**  

  (0.101)  

Sent monetary sanction in t-1   -0.470** 

   (0.182) 

Sent  non-monetary sanction in t-1   -0.116 

   (0.118) 

Others’ contribution in t-1  -0.0409* -0.0452* 

  (0.0233) (0.0232) 

Quintana Roo 0.370*** -0.00208 0.0147 

 (0.0999) (0.104) (0.103) 

Veracruz 0.0496 0.103 0.114 

 (0.117) (0.109) (0.108) 

Age 0.00168 -0.00673* -0.00674* 

 (0.00346) (0.00383) (0.00383) 

Gender (1 if woman) 0.0231 -0.141* -0.150* 

 (0.0838) (0.0798) (0.0800) 

Education 0.00561 -0.00339 -0.00334 

 (0.0110) (0.0119) (0.0119) 

Constant 1.406*** 0.703* 0.743** 

 (0.283) (0.361) (0.364) 

    

Observations 235 443 443 

Tobit model - Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

4.5 Discussion 

Inspired by a Mexican policy, we presented a novel model of local PES creation 

and function, an assurance game in which payments are not transfers from the state to 

landowner but instead users and providers of the ecoservices cooperate to establish an 
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institution and raise welfare within it. From this perspective, changes in beliefs, norms 

and expectations can induce cooperation. This could also suggest reasons for our results, 

for instance the lack of crowding out from sanctions. 

We believe our findings are supportive of what we have heard from CONAFOR 

itself about the importance of the social capital at a prospective site. The baseline 

assurance contributions we observe are correlated with trust-game responses that, in 

turn, are correlated with participants' statements in surveys and focus groups about 

their settings. They are also somewhat persistent. 

We can imagine beliefs spillovers across regions as well, in that if one local 

mechanism gets up and going it can influence the beliefs relevant for the challenging 

starting phase of others nearby. This could help to explain early selection of sites that 

already had some upstream-downstream interactions, and related upstream 

organization, before the Fondos program came into existence. Consistent with Ostrom's 

(1990) point that starting easier could be a way to crack hard problems, Fondos may well 

have wanted to establish feasibility to improve beliefs before harder cases. The latter 

could include efforts to move PES into regions of higher pressure in order to raise 

impacts.  

Our results also support a potentially positive role that could be played by more 

use of sanctions. We believe that currently sanctions are not common. That may link to a 

lack of additionality, as one would not expect to have to sanction folks to comply with 
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contracts to simply carry out what they would have done anyway in the absence of PES. 

However, should PES move to stricter insistence on measured services outcomes for 

making conditional payments, which could involve restrictions on lands with higher 

opportunity costs, sanctions may play a key signaling role. In a world with significant 

transactions costs − i.e., all the upstream-downstream coordination costs − before simply 

cancelling payments for lack of service generation upstream one can send a signal. 

However in the large voluntary PES programs that currently exist, say in Costa 

Rica and Mexico, there is little opportunity to study whether contracts on higher-

pressure lands are possible, and whether increased monitoring and sanctioning − local 

or federal − would help them to function. Thus, we wanted to consider sanctioning 

regimes with relevant populations in Mexico, even if in our experiment of course 

everything is hypothetical and cannot be guaranteed to predict realities. We believe that, 

despite this, our field work offers some support for the potential from sanctions.  

Adding to the experiment itself, qualitative field information is supportive of the 

thought that in cases where higher pressure and thus potential impact requires higher 

monitoring due to larger risks of non-compliance, external intervention is needed and 

even welcome to help coordination. For instance, in cases we visited in Veracruz and 

Yucatan, the intervention of a NGO that to an extent represents downstream interests 

has been crucial for the coordination among upstreamers. NGOs have among their 

duties the monitoring of upstream compliance with the PES contracts but this occurs in 
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different ways, interacting with different levels of participation by other actors. In a case 

in the Yucatan, the NGOs and CONAFOR monitor and make decisions about sanctions 

but in a case in Veracruz the external and local are more integrated. There is a committee 

where upstream and downstream actors, as well as authorities get together and make 

decisions about the watershed including the local PES program, verification and 

compliance with the contracts. 

Stepping back, increasing impacts would require closer and stricter monitoring 

and enforcement. A strong local presence in a program like Fondos Concurrentes can 

contribute to this purpose but it requires that the behavioral responses to sanctions align 

with the incentives of the program. That said, we believe our field-lab-experiment 

results suggest potential for greater PES impact.  
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Appendix A – Total pumps by round and group Game 1 
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00-10 (i.e., zero target in first phase (Rounds 1-5), ten target in second phase (R6-10)) 
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Appendix B – Total pumps by round and group Game 2 
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Communication (with aggregate targets of 10 and then 05) 
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Appendix C – Materials Used in Assurance Experiment 
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No participante: ______   Color grupo: _________      
Ejercicio: _____ Decisión: _____
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Decision sheet - PROVIDERS 
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122 

Appendix D – Assurance Contributions (per site and 
treatment)  
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