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Propositions 

 

 
1. The robustness of cooperative arrangements in a self-governing community depends on how 

well its members can deal with scarcity.  

(this thesis) 

2. If humans are strongly connected, an informal institution such as social norm is the most 

obvious solution to a free rider problem. 

(this thesis) 

3. A combination of agent-based modelling and field experiments can provide more insights into 

human cooperation than traditional game theory.  

4.  “Re-search” means systematically search again and again for a justifiable answer until the 

time and resources are exhausted.  

5. Social sciences are not free from bias unless the mind of scientists is in equanimity.  

6. Behavioral scientists will never fully understand human behavior unless their own mind 

becomes the subject of experimentation.  

7. To eliminate mental stress, one needs to fully align expectation with reality.  

8. The most efficient way to enhance memory naturally is to always tell the truth. 

 

 

 

 

Propositions to the thesis, entitled 

Self-governance of water resources under climate change: Insights from Cambodia 

Tum Nhim,  

Wageningen, 1 July 2021 



 

 

Self-governance of water resources 

under climate change: Insights from 

Cambodia 

 

 

 

 

 

 

 

 

Tum Nhim 



 
 

 

 

 

 

 

 

 

 

Thesis committee  

Promotor 

Dr X Zhu 
Associate Professor, Environmental Economics and Natural Resources Group 
Wageningen University & Research  
 
Co-promotor  

Dr AP Richter 
Associate Professor, Environmental Economics and Natural Resources Group 
Wageningen University & Research 
 
Other members  

Prof. Dr  GJ Hofstede, Wageningen University & Research  
Dr KH Pham Do, Massey University, Palmerston North, New Zealand 
Dr GAK van Voorn, Wageningen University & Research  
Dr J.-C. Diepart, Gembloux Agro-Bio Tech, University of Liège, Belgium 
 
 
This research was conducted under the auspices of the Graduate School for Socio-
Economic and Natural Sciences of the Environment (SENSE) 



Self-governance of water resources 

under climate change: Insights from 

Cambodia 

 

Tum Nhim 

 

 

 

 

 

 

 

 

 

Thesis 

submitted in fulfilment of the requirements for the degree of doctor at  

Wageningen University 

by the authority of the Rector Magnficus 

Prof. Dr APJ MoI 

in the presence of the 

Thesis Committee appointed by the Academic Board 

to be defended in public 

on Thursday 1 July 2021 

at 11 a.m. in the Aula. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tum Nhim 

Self-governance of water resources under climate change: Insights from Cambodia, 

146 pages. 

 

PhD thesis, Wageningen University, Wageningen, NL (2021) 

With references, with summary in English 

 

ISBN 978-94-6395-792-2 

DOI https://doi.org/10.18174/545818 

 



Acknowledgements 

 

What a long and exciting journey it has been! I began this journey alone, but over time many 

more people join in to make this journey unforgettable. Without supports from all of them, this 

journey couldn’t have been successful and memorable.  

 
First of all, I am deeply indebted to my supervisor, Andries. He is extraordinary at both personal 

and professional levels. He is very kind, supportive and encouraging. Instead of suggesting or 

commanding, he helps me to paint the whole picture of my doctoral research in a way that this 

thesis is purely emerged out of my personal interest while scientifically relevant. Whenever I 

got stuck with something personally and academically, the first person I talked to is Andries. I 

am probably one of the very lucky doctoral students who have chance to work with him. I am 

very grateful for the support of my co-supervisor and promotor, Xueqin. She is very helpful 

and supportive. Big thanks to Xueqin and Ekko for giving me the chance to join ENR, and 

being part of this exciting group. 

 
ENR is a lovely and stimulating group. Beside academic supports, social interactions, coffee 

breaks, group outing, and other social supports are all incredible. Without all of these, my PhD 

journey is undoubtedly tough and lonely. Immense supports from Wil and Gre on academic and 

living arrangements are touching for me. I am very thankful to all ENR colleagues for spending 

time with me chitchatting and discussing about sciences and life. Special thanks to people at 

the Center for Khmer Studies and at IIASA, especially Matthias and Nikita, for providing 

supports and stimulating environment for me to work on one of the chapters.  

 
A warm and sincere thank to my dear friends and colleagues Anna, Esther, and Sanmitra. I 

never thought I could have such amazing friends like you. Anna is very kind and empathetic. 

Sanmitra is someone who I can just sit with and talk about anything personally. I won’t forget 

our amazing fieldwork experience in Cambodia, Esther. It was incredibly challenging since it 

was the first ever field experiment we run. Many more authentic foods and fruits are for you to 

try out in Cambodia, and you are always welcome at any time to come again for personal or 

field visits.   

 
Finally, a heartfelt thanks to my lovely wife Saem. I am the luckiest man to share this journey 

with you. Without your support, this PhD journey could not have continued till now. You took 

care of the kids, Tika and Suosdey, and acted as a father while I was away. Tika and Suosdey 



 
 

is the greatest source of motivation and is the main reason why I could overcome any challenges 

during difficult times. My parents and brothers and sister provide me a real strength to finish 

this PhD. Being the first person in the family to ever pursue a PhD is what they are proud of, 

and my determination to make their wish come true is the reason why this PhD journey is 

successful.  

 

My sincere thanks to all of you! 

 



Table of Contents 

Chapter 1—Introduction ............................................................................................... 7 

Chapter 2—The resilience of social norms of cooperation under resource scarcity 

and inequality – an agent-based model on sharing water over two harvesting 

seasons ...................................................................................................................... 19 

Chapter 3—Path dependencies and institutional traps in water governance: Evidence 

from Cambodia ........................................................................................................... 49 

Chapter 4—Multi-level water self-governance—cooperation within and between 

communities in Cambodia .......................................................................................... 73 

Chapter 5—Voting on costly institutions in public goods:  Experimental evidence 

from Cambodia .......................................................................................................... 97 

Chapter 6—Synthesis .............................................................................................. 127 

Summary .................................................................................................................. 136 

 

 



 
 



Introduction 
 

1 
 

Chapter 1—Introduction 

 

1.1. Background 

 
Globally, water governance is facing several challenges including increasing scarcity due to 

growing demand as well as climate change (Haddeland et al. 2014; Elliott et al. 2014). While 

climate change directly impacts water supply by decreasing mean water availability (Schewe 

et al. 2014; Haddeland et al. 2014) and increasing water’s variability in time and space (Jaeger 

et al. 2017), human behavior of water use shapes the demand and sustainability (Schill et al. 

2019). Across regions, human’s water use in the upstream of a river basin exacerbates water 

scarcity in the downstream (Veldkamp et al. 2017), highlighting the importance of coordinated 

human behavior in managing water scarcity. Since the interactions between human behavior 

and water systems are complex (Wada et al. 2017), understanding how its dynamics unfold 

remains a challenge (Schill et al. 2019). This is especially the case when water is managed as a 

common-pool resource, in which water consumption by one user is not available to others and 

excluding others from using it is too costly or difficult. Common-pool resources are typically 

considered as part of a so-called social-ecological system (SES), where the interactions between 

the resource (water), the biophysical system, resource users, and the governing institutions are 

complex, non-linear, and exhibit thresholds (Ostrom 2009; Liu et al. 2007). Given the 

complexity of the system, this thesis mainly focuses on small-scale irrigation systems, which 

can be considered as a SES. At the heart of such a system lies the capacity to self-organize for 

collective action and cooperation among agents, which is shaped by the embedded institutional 

arrangements, and pivotal in determining the long-term sustainability or resilience with regard 

to drivers, such as climate change (Yu et al. 2015; Anderies et al. 2004; Ostrom 2009). 

 
This thesis analyzes under what conditions, and with which institutional mechanisms 

cooperative arrangements can be established and maintained under climate change. I focus on 

a small-scale social-ecological system (SES), namely an irrigation system which consists of the 

resource (water), water users (farmers), and the governance system (informal and formal 

institutions) (Fig. 1). Farmers interact with the resource system by harvesting the water for 

irrigation and by investing in infrastructure maintenance. They may overharvest the water for 

personal benefit or align with the agreed-upon rules or norms that promote collective benefits. 

Likewise, they may jointly contribute to the infrastructure maintenance so the system generates 



Chapter 1 
 

2 
 

more water for everyone, or freeride on efforts by others. The harvesting and investment 

decisions are complex and depend on the agents’ attributes (inequality, preferences, and 

experiences), and are shaped by the institutions in place. In some cases, water is managed by 

local communities following informal institutions such as social norms that prescribe who can 

take how much water and when. Those social norms are usually enforced through interpersonal 

communication by means of peer sanctions or reputational concerns. In other cases, water is 

managed through formal institutions, where written rules are enforced by the local government 

or a farmer organization.  

 
Obviously, the interactions between the subsystems of water, users, and institutions are 

complex and may produce emergent outcome that may in turn feedback other parts of the 

system (Ostrom 2009; Muneepeerakul and Anderies 2020). The resilience of this system and 

its sustainability depends largely on the self-organizing capacity of the social system for 

collective action such as cooperation (Schill et al. 2019; Anderies et al. 2004; Perez et al. 2016; 

Ostrom 2009; Lansing et al. 2017). Ostrom (2009) has identified a set of key variables that may 

interact with the self-organizing capacity of the system, among which are system productivity 

(e.g. resource scarcity) and social norms and social capital. This thesis investigates the role of 

resource scarcity, either exogenously caused by climate change or endogenously, caused by 

resource users to maintain the water infrastructure (a public good), and its coupling with some 

key contextual variables through the lens of institutions (Anderies et al. 2004). The key question 

in this thesis is what kind of institutional configurations facilitate cooperation and can thus 

accommodate the changes in the face of increasing scarcity due to climate change. To answer 

the question, I will discuss briefly first the theme, rationale and contribution of each or a 

combination of chapter(s) and then the methodological approach. 
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Fig. 1. Thesis's conceptual framework to study the resilience of a small-scale social-ecological system 

under climate change, with a focus on the role of cooperation in the social system. Climate change 

directly impacts water supply by increasing scarcity and variability, which translates into changes in 

economic incentives related to water use. Water users may act cooperatively by restraining water harvest 

and contributing to  maintain the quality of the infrastructure or free-ride on others’ effort, considering 

both immediate economic gains and social consequences. Together, all individual decisions determine 

the capacity to self-organize and give rise to the co-evolution of social and water systems. Thus 

individual behaviors are shaped by institutional arrangements embedded as well as the social structure 

and characteristics, which determine the resilience of the social-ecological system in consideration. 

1.2. Social dilemmas in common-pool resources and public goods 

 
A social dilemma is a situation in which pursuing own interests is detrimental to the collective 

interests. Social dilemmas are everywhere in daily life and are at the heart of many social, 

environmental, and economic problems. In the context of local resource governance, users are 

privately better off when overharvesting the resource than restraining from harvesting following 

socially-binding agreements or norms, but doing so may lead to depletion of the resource. In a 

modelling setting, social dilemma is typically defined following the tradition of game theory. 

Dawes (1980) defines the social dilemma following the prisoner’s dilemma game as a situation 

in which defecting yields better personal outcomes than cooperating regardless of what others 

do, but mutual cooperation yields better social outcomes than mutual defection. In real world 

problems, however, social dilemmas are ingrained in much more diverse situations depending 
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on the benefit structure of mutual cooperation and mutual defection (Kollock 1998). This is 

especially true when it comes to social dilemmas faced by multiple persons who have repeated 

interactions (Kollock 1998) and when the payoff is uncertain (Dawes 1980). For a more 

comprehensive review on social dilemmas and discussions with regard to the context of a 

common-pool resource, see e.g., Van Lange et al. (2013) and Jager (2000).  

 
In the context of natural resource management, the social dilemmas are either concerned with 

common pool resources or with public goods. In this thesis, Chapter 2 analyses the role of a 

social dilemma arising from the sharing of water as a common-pool resource, using an agent-

based modelling framework. While the social dilemma in a common-pool resource is typically 

sketched as the tension between short-term and long-term interests, here it considers a social 

dilemma arising from seasonal variations of resource availability. This case is very prevalent 

in the context of small-scale irrigation systems in tropical regions where on may have more 

than one harvesting season (Pérez et al. 2016).  

 
Most of the studies in the commons literature, mainly focus on conditions under which users 

can overcome social dilemmas related to resource extraction, whereas problems related to 

provision of the resource are largely overlooked (Anderies et al. 2004). In many real-world 

situations, however, both problems are strongly coupled and manifest at multiple scales 

(Gardner et al. 1990; Ostrom 2010; 2009). Chapter 3 & 4 thus analyze social dilemmas 

considering the combined problem of resource extraction and provision of water infrastructure 

as a public good. While a few studies also considered coupled social dilemmas (Botelho et al. 

2015; Solstad and Brekke 2011), findings from those studies rely on the assumption that 

benefits from contributing to a public good is linearly dependent on users’ contribution level. 

In practice, however, benefits can be nonlinear and exhibit thresholds. The dynamics of 

restraining resource use and contributing to public goods becomes even more interesting when 

also exogenous changes occur. For example, climate change may affect resource availability or 

actions by other communities or altered regulations by governmental agencies tend to affect 

scarcity and ultimately also resources users’ harvesting behavior. 

 
The institutional setting plays an important role in mediating individual and group interests to 

mitigate risks and impacts of climate change (Agrawal 2008). A key requirement for successful 

resource governance—be it formal or informal—is compliance with rules, regulations or norms 

(Bastakoti and Shivakoti 2012; Shreedhar et al. 2019; Tavoni et al. 2012). Without effective 

enforcement of rules and norms, a self-interested individual has no incentive to follow the 
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prescribed rules and norms because doing so is costly to the individual. A voluntary mechanism 

to sustain cooperation thus may be at risk due to free riding. This raises the obvious question 

under which conditions users choose to implement appropriate institutional arrangements to 

safeguard cooperation and how it relates to the cost of institutions (Dannenberg and Gallier 

2019).  Chapter 5 focuses on a public good dilemma, which is studied in a field experimental 

setting. As cooperative arrangement enforced through peer enforcement may be fragile under 

climate change, it is necessary to consider alternative governance arrangement through formal 

institutions. In small-scale irrigation systems, one can often observe institutions that are 

formally organized, but emerged decentrally through, for example, farmer organizations. Such 

institution self-organizes resource sharing as well as ensuring the proper maintenance of the 

shared infrastructure. Further, it is sometimes unclear how this form of institution is explicitly 

different from that of the informal institutions such as social norms, since the rules and 

regulations of the farmer organizations are typically incorporating local practices, norms, and 

laws. While differentiating both institutions is not the main focus of this thesis, understanding 

to what extent institutions are supported is crucially important, especially considering the 

individual experience of resources with existing institution. 

 

1.3. Resource scarcity and cooperation 

 
In the commons literature, findings on the interaction between resource scarcity and 

cooperation are inconclusive. On the one hand, the literature suggests that resource scarcity 

enhances cooperation (Osés-Eraso and Viladrich-Grau 2007; Osés-Eraso et al. 2008; Schlüter 

et al. 2016; Nie et al. 2020). This line of literature provides various explanations for why 

concerns about resource scarcity may foster cooperation (Osés-Eraso and Viladrich-Grau 

2007), looking at the sources of scarcity (either environmental or human-induced) (Osés-Eraso 

et al. 2008), costs and benefits of cooperation in relation to punishment strengths (Schlüter et 

al. 2016), and concerns about the future decline of the resource (Finkbeiner et al. 2018). On the 

other hand, scarcity may also undermine cooperation (Grossman and Mendoza 2003; Blanco et 

al. 2015; Richter et al. 2013; Pfaff et al. 2015; Gatiso et al. 2015). Various explanations for the 

decrease in cooperation include increasing competition for the resource (Grossman and 

Mendoza 2003; Blanco et al. 2015), and opportunistic extraction of the resource by selfish 

individuals (Richter et al. 2013).  
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While scarcity could have significant implication for the emergence of collective action, other 

contextual factors such as inequality and heterogeneity may have a role in promoting or 

undermining cooperation (Bisaro and Hinkel 2016; Bardhan et al. 2007). In the context of local 

water governance, land inequality and heterogeneity among users may pose an obstacle towards 

cooperation (Marchiori 2014; Kun and Dieckmann 2013).This thesis hypothesizes that scarcity 

may interact with other contextual factors such as user attributes and institutions. Understanding 

the effects of those mediating factors on cooperation thus can provide more insights into the 

self-governance of the social-ecological system. In particular, Chapter 2 looks at the 

interactions between resource scarcity and agent’s inequality and heterogeneity and its effect 

on the emergence and evolution of social norms of water sharing among farmers. Chapter 3 

investigates whether the institution in place may interact with scarcity and thus affect 

cooperation. Chapter 5 analyses to what extent individual experiences about resource scarcity 

in the past may explain the support of costly institutions that ensure high cooperation or more 

effective enforcement.  

 

1.4. Social norms, institutions, and water governance 

 
Institutions can be broadly defined as rules that guide or constrain behavior of agents and their 

interactions (North 1991). Institutions consist of rules and norms which can be informally or 

informally arranged. Both forms of institutions are different in several aspects, but most 

importantly in terms of enforcement mechanisms (Yeboah-Assiamah et al. 2017). In the context 

of natural resource governance, enforcement is a key for all governance arrangements. Without 

effective enforcement of rules and norms, a self-interested individual is tempted to freeride on 

effort of others, since the benefit are personal, whereas the costs are shared by all resource 

beneficiaries.  

 
Informal institutions such as social norms play an important role in water governance, 

especially under climate change (Pahl-Wostl 2009; Herrfahrdt-Pähle and Pahl-Wostl 2012). A 

social norm is a common behavioral pattern that is socially approved, collectively understood 

and maintained through social interactions within a group (Nyborg et al. 2016). In small 

communities that self-govern common pool resources, social norms can play important roles to 

facilitate cooperation (Ostrom 2000). With appropriate conditions, social norms can even 

address global problems (Nyborg et al. 2016). A social norm, however, is not always obeyed , 

especially when following it does not yield better personal outcomes. An enforcement 
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mechanism is thus needed to sustain social norms. Regarding self-governance of a local 

resource, social norms are typically enforced through peer punishments (Fehr and Gächter 

2002; Gächter et al. 2008; Ostrom 2000). Sometimes, especially in large groups where 

interactions are infrequent, social norms can be enforced through interpersonal 

communications, e.g. due to reputational concerns among their members (Fehr 2004) or moral 

motivations (Brekke et al. 2003; Efferson and Fehr 2018). For a review on the foundation of 

human cooperation in relation to social norms, see e.g., Fehr and Schurtenberger (2018).  

 
In other cases, water is managed through a formal institution in which written rules or 

regulations are centrally enforced by a management agency or a third party. Various 

experimental and theoretical studies examine the performance of peer enforcement and central 

enforcement mechanisms to regulate common pool resource use (Fehr and Williams 2018; 

Zhang et al. 2014; Sigmund et al. 2010). Using an economic experiment, Traulsen et al. (2012) 

find that central enforcement is preferred over peer enforcement, especially when social 

sanctions can also be targeted at those who are unwilling to correct and enforce behavior of 

peers. With a similar theoretical model, Sigmund et al. (2010) have shown that peer sanctioning 

may be more effective and more efficient than central enforcement but only if it is not possible 

to commit everyone to contribute to a central sanctioning mechanism. An entirely open question 

concerns to what extent resource users may support such institutions if they are about to be 

implemented or already in place. Few studies have looked at how climate change may affect 

cooperative arrangements, mainly on how resource users adjust their harvesting level in 

response to increasing levels of resource scarcity. However, how peer and central enforcement 

mechanisms respond to and perform under scarcity conditions remains less understood, and is 

the focus of this thesis.  

 
1.5. Evolutionary agent-based modelling and collective action 

 
Agent-based modelling (ABM) has been extensively used in various disciplines, including 

agricultural, environmental, and ecological economics (Berger 2001; Rasch et al. 2016), and 

for analysis of social-ecological system dynamics (Schlüter et al. 2016). A social-ecological 

system (SES) is characterized by nonlinear dynamics and thresholds, heterogeneity, and 

emergence properties (Liu et al. 2007; Hull et al. 2015). In the analysis of a SES and its 

resilience, ABM is widely used for its flexibility to incorporate heterogeneity of agents, 

dynamic feedbacks of a complex adaptive system, and emergence of collective action from 
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micro-level interactions (Janssen and Ostrom 2007; Schlüter et al. 2019). For a review on the 

use of an ABM for analysis of SES, see e.g., Schulze et al. (2017). 

 
For the study of collective action and the evolution of cooperation, ABM is a promising tool 

since it allows modelers to specify behavior of agents and observe the interactions over time. 

Since human behavior is complex and adaptive, incorporating it into a formal model thus 

remains a challenge (Schlüter et al. 2017). In real world situation, human decisions are typically 

based on incomplete information, which can evolve based on adaptation and learning. The 

agent-based modelling approach is thus a promising tool to study human decision making in 

such an adaptive, evolving and complex environment, which is the key feature in the analysis 

of the evolution of cooperation (Heckbert et al. 2010; Janssen and Ostrom 2007). For a 

comprehensive discussions on agent-based modelling for the study of collective action, see e.g., 

Poteete et al. (2010).  

 
This thesis employs agent-based modelling in Chapter 2, Chapter 3, and Chapter 4 since agents 

are adaptive and heterogeneous in terms of their skills and endowments, as well as resource 

extraction and investment levels. Further, this modelling approach also allows for the analysis 

of diverse coupling effects between scarcity and contextual variables on cooperation. For 

example, I investigate how social learning arises from different modes of social interactions, 

e.g. between a focal agent and his immediate neighbours and with partners from a different 

community. Finally, this thesis (Chapter 4) also uses agent-based simulation to study multilevel 

interactions within and between communities of resource users who jointly harvest water as a 

common-pool resource as well as invest to a public good such as an irrigation system. In such 

a complex system with multilevel interactions, other studies also employ this modelling 

approach, e.g. the study of a cross-scale resilience of a commons rangeland system in South 

Africa (Rasch et al. 2017), and the evolution of cooperative arrangement of multiple 

communities in Bali (Lansing et al. 2017). 
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1.6. Overview of this thesis 

 
1.6.1. Thesis objectives  

 
The main focus of this thesis is to understand how institutional arrangements interact with 

contextual factors in the field to affect the resilience of cooperative resource management under 

climate change. In particular, I focus on informal institutions such social norms of cooperation, 

in which the norm is enforced by costly peer punishment (Chapter 2) or through reputational 

concerns (Chapter 3 & 4), as well as on formal institutions, in which the preference over two 

enforcement mechanisms, namely a costless weak enforcement versus a costly strict 

enforcement is studied (Chapter 5). Firstly, in Chapter 2, 3, & 4 I focus on how the interactions 

between resource scarcity and user attributes as well as institutions affect cooperation. 

Specifically, Chapter 2 analyses how resource scarcity interacts with inequality and affects the 

emergence and stability of cooperative arrangements. While Chapter 2 considers the effect of 

scarcity that is exogenously driven e.g. by climate change, Chapter 3 & 4 considers the case in 

which scarcity is endogenous through the presence of a public good. Chapter 4 furthermore 

investigates how the effect of scarcity spreads between two communities who are linked 

through the presence of a public good. Findings from Chapter 2 & 3 highlight the role of 

informal and formal institutions, in particular enforcement mechanisms and existing 

institutional settings, in moderating or intensifying scarcity effects and thus affecting 

cooperation. Chapter 5 tests this in the field through lab-in-the field experiments to see if (i) a 

strict, but costly enforcement mechanism and (ii) costly formal institution, will be selected by 

users, and further investigate how this depends on contextual factors, such as individual 

experience of resource users with regard to scarcity. Overall, this thesis aims to answer the 

following questions. 

 
1. How does resource scarcity and inequality among agents jointly affect the emergence 

and resilience of social norms? (Chapter 2) 

2. How does the need to contribute to water infrastructure affect the cooperation to restrain 

water use and which mechanisms explain the emergence of institutional traps and 

prosperity? (Chapter 3) 

3. Under which conditions does cooperation emerge and spread between communities and 

how does this depend on the level of interaction? (Chapter 4) 
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4. Under which conditions would users choose to implement appropriate institutional 

arrangements to safeguard cooperation and how does it relate to the cost of institutions? 

(Chapter 5) 

 
1.6.2. Thesis outline 

 
This thesis focuses on the self-governance of local water resources under climate change. In 

particular, I analyze under which conditions and mechanisms of cooperative arrangements can 

be established and maintained, through the lens of institutions.  

In Chapter 2 I developed an evolutionary agent-based model to study the evolution of water 

sharing norms among farmers who harvest water as a common-pool resource over two 

harvesting seasons. The norm prescribes to save water in the rainy season for use in the dry 

season. Agents face the social dilemma of using the water immediately for personal benefit or 

save it for later use for collective benefit. The norm is enforced through a costly peer 

enforcement mechanism. This chapter adds to the literature of the commons by focusing on the 

social dilemma arising from seasonal resource allocation. Further, the chapter analyses the role 

of scarcity and contextual factors, in fostering or eroding cooperation.  

 
In Chapter 3 I developed an agent-based model in which users have to decide how much to 

contribute to common water infrastructure and how much water to extract. The starting point 

were stylized facts obtained from field experiments to show that a larger share of conditional 

cooperators in villages correlates positively with infrastructure quality and negatively with 

experienced scarcity. The model formalized the mechanism of conditional cooperation, where 

decisions are based on economic considerations, but also reputational concerns, where the own 

decision is evaluated against the social norm in the community. 

 
In Chapter 4, I developed an agent-based model to analyse under what conditions cooperation 

emerges and spread across two communities who share water as a common-pool resource and 

infrastructure as a public good. Agents make decisions on levels of extraction and investment 

over time, starting from heterogeneous strategies. While taking more resource or investing less 

to its production makes an agent economically better off in the short-term, doing so erodes his 

self-image which can potentially inflict loss on his economic performance in the long-term. 

Agents make decisions balancing between doing well economically and doing good morally by 

learning from the best performing neighbours and other agents in a different community. 
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Chapter 5 investigates the role of individual experience of scarcity on the support of institutions. 

In a field experiment with farmers in Campong Chhnang (Cambodia) individuals played one-

shot public good games in groups of three, with an option to vote for a preferred institution. In 

the first setting, the choice is between a costless voluntary system and a costly tax system that 

requires a minimum contribution to the public good. In the second setting, the choice is between 

a costless weak enforcement mechanism in which rule breakers might not be detected and 

punished, and a costly strict enforcement mechanism in which every rule breaker is detected 

and punished. In both cases, contributions are made after having voted, but before knowing 

what others would have voted to obtain a clean measure for behavior in both institutional 

settings.  
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Abstract 

 
Water governance remains a challenge for human societies, especially when the variation in 

resource inflow is large and the resource users are heterogeneous. We analyze with a coupled 

social-ecological systems (SES) model how socioeconomic and environmental changes affect 

the resilience of social norms governing resource use. In our model, agents have access to water 

as a common-pool resource and allocate it between rainy and dry seasons. While it is socially 

optimal to save water for the dry season, it is individually optimal to take water immediately. 

In our model, punishment of norm violators is the mechanism that may sustain cooperation. We 

show that the resilience of social norms could be affected by changes in socioeconomic and 

environmental conditions. Particularly, we find that social norms may collapse in times of 

resource scarcity and variability, especially if several drivers act in concert. Finally, we find 

that user heterogeneity in the form of different skills and inequality in land endowments may 

undermine cooperation. This implies that climatic changes and increased inequality – both 

potential drivers in the field – may affect community resilience and may lead to an erosion of 

social norms. 

 

Keywords: agent-based modeling, cooperation, resource scarcity, inequality, resilience, 

social-ecological systems 
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2.1. Introduction 

 
Sharing a common-pool resource (CPR), such as water, remains a challenge for human 

societies. Wasteful overuse of such a resource typically arises from a social dilemma, which is 

defined as the conflict between individual and group interests. This form of collective action 

problem is especially pronounced in the case of a CPR, which is a rival resource (i.e. extraction 

by one user makes it unavailable to others) and non-exclusive (i.e. excluding others from 

appropriating such a resource is difficult or costly) (Gardner et al. 1990). In the absence of 

enforcement mechanisms, an individual has no incentive to restrain resource use, since benefits 

of taking the resource immediately are private, whereas the benefits of saving it for later use 

are shared by all resource users. 

 
A CPR is usually part of an interconnected system of users, governing institutions and the 

biophysical system, which is often referred to as a social-ecological system (SES) (Ostrom 

2009). A SES is generally understood as a complex adaptive system, in which micro-level 

interactions of agents lead to emergent properties at a macroscopic level that, in turn, affect 

actions and behavior of the agents (Levin et al. 2012). Such a system is characterized by 

complexities, namely nonlinear feedbacks, tipping points, heterogeneity of agents, and scale-

dependences, which may pose obstacles for successful governance of CPR (Liu et al. 2007; 

Levin et al. 2012).  

 
A wealth of case studies have documented that local communities are able to sustain the 

commons by self-organizing and solving collective action problems (Ostrom 1990). Various 

key factors and mechanisms that may affect collective action have been identified, which 

include system productivity and scarcity, as well as the existence of norms or social capital 

(Ostrom 2009). However, how these factors and mechanisms link across scales to affect the 

long-term sustainability of resource use is not clearly understood (Ostrom 2009). Experimental 

work has shown that social norms – in the form of restraining individual resource use and 

punishing noncooperative behavior – play crucial roles in sustaining resource use (Ostrom et 

al. 1992; Ostrom et al. 1994). Using evolutionary game theory, Sethi & Somanathan (1996) 

have shown that punishments can enforce sustainable resource use, provided that defection is 

not very common initially. Their model features two alternative stable states – full cooperation 

and full defection – depending on initial conditions. The fragility of social norms has been 

further documented by Richter et al. (2013), who show that cooperation can suddenly collapse 
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in response to exogenous drivers, such as technological progress or climatic changes. Nyborg 

et al. (2016) have suggested that tipping points may also play a role when social norms are 

established. For example, by making agents’ behavior more observable (e.g. resource 

extraction) social sanctioning can create a tipping point from a vicious cycle of norm-violation 

to a virtuous cycle of norm-following behavior.  

 
Despite empirical and theoretical evidence suggesting that cooperation can be maintained or 

suddenly collapse, an open question is how the resilience of social norms could be affected by 

socioeconomic and environmental changes. By altering biophysical conditions of resources, 

climate change can obscure the nature of social dilemmas in relation to resource sharing, which 

requires an understanding of contextual factors such as agents’ heterogeneity to overcome 

social dilemmas (Bisaro & Hinkel 2016). For example, climate change is expected to aggravate 

water scarcity (Schewe et al. 2014; Haddeland et al. 2014) and increase water variability in time 

and space (Jaeger et al. 2017). How severe the impact is, however, depends on the spatial 

location of the irrigation areas and the strategic decisions of neighboring farmers who share the 

water (Esteve et al. 2015).  

 
The objective of this paper is to analyze how the emergence and resilience of social norms of 

cooperation depends on external disturbances, as well as heterogeneity and inequality of users. 

In particular, we develop an agent-based model (ABM) to investigate how resource scarcity 

and inequality among agents may jointly affect the resilience of social norms in a community 

that extracts water for irrigation from a joint river. Our contribution to the literature is twofold. 

First, we analyze the case where water is used in two seasons for irrigation purposes, which is 

relevant in many real world settings. This is especially true for irrigation systems in Asia, where 

water availability varies considerably between rainy and dry seasons due to the effect of 

monsoon precipitation (Schewe et al. 2014; Elliott et al. 2014).  A social dilemma arises, 

because it is socially optimal to save water in the rainy season, while the benefits of doing so 

are shared among all farmers, including those who have not restrained their water use in the 

rainy season. We analyze to what extent social norms can mitigate such social dilemma. 

Second, we investigate how the resilience of social norms could be affected in times of resource 

scarcity and variability and by changes in socioeconomic and environmental conditions.  

 
Previous theoretical studies have demonstrated the crucial roles of social norms and punishment 

in facilitating cooperation and the implications for the sustainable use of a shared resource in a 

small community (Sethi & Somanathan 1996; Noailly et al. 2003). On the one hand, such 
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studies aim at understanding the emergence and evolution of cooperative harvesting strategies 

(Sethi & Somanathan 1996; Tavoni et al. 2012; Richter et al. 2013; Lewis & Dumbrell 2013) 

including cases where cooperation and defection may co-exist. On the other hand, such studies 

contribute to understanding the extent to which such norm-guided cooperation is robust against 

socioeconomic and environmental changes (Schlüter et al. 2016; Richter & Dakos 2015; Brandt 

& Merico 2013).  

 
Agent-based modelling (ABM) has been extensively used in various disciplines (Heath et al. 

2009), including agricultural and ecological economics (Berger 2001; Rasch et al. 2016), and 

for analysis of SES dynamics and tipping points  (An et al. 2014; Schlüter et al. 2016; Siekmann 

2015). ABM is widely used for its flexibility to incorporate heterogeneity of agents (An 2012; 

Schlüter et al. 2012), and particularly suited to analyze the emergence of collective action from 

micro-level interactions (Bonabeau 2002). For instance, Janssen & Ostrom (2007) use agent-

based modeling to examine how heterogeneity among agents could contribute to the emergence 

and evolution of social norms, a feature which is difficult to include in a traditional game 

theoretical model that studies the evolution of cooperation. Similarly, Bausch (2014) employs 

agent-based simulations to test mechanisms that contribute to cooperation between groups, 

which is similar to the work of Gavrilets & Richerson (2017), who focus more on competition 

between groups.             

                                                                                                                                                                               
ABM is a useful tool to analyze resilience, which is understood as the capacity of the system to 

accommodate changes, while maintaining the system states within the equilibrium domains 

(Liu et al. 2007; An et al. 2014). For instance, Schlüter & Pahl-Wostl (2007) use ABM to assess 

resilience of the SES under different water governance regimes to uncertainties of water 

availability in a river basin. In their study, resilience is evaluated as the capacity of the system 

to maintain both agricultural and fish production at or above an exogenously specified level, 

below which each production system collapses. Schlüter et al. (2016) analyze the resilience of 

social norms of cooperation to environmental changes such as changes in resource availability 

and variability. Similarly, Rasch et al. (2016) show that social norms emerge in times of 

ecological crises and enhance resilience of SES.  

 
Our paper contributes to the question how resource scarcity affects cooperation in the commons, 

which remains poorly understood. One strand of literature argues that resource scarcity 

enhances cooperation. For example, using dynamic game theory, Osés-Eraso and Viladrich-

Grau (2007) show that concerns for resource scarcity can dampen resource extraction. Testing 
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this in an experimental setting, Osés-Eraso et al. (2008) find that users tend to react to actual 

scarcity by reducing the appropriation level when resources become scarcer. In addition, it 

matters whether the sources of scarcity are environmental or human-induced (Osés-Eraso et al. 

2008). Considering changes in availability and variability of a resource, Schlüter et al. (2016) 

have demonstrated that cooperation can collapse even in the case of resource abundance as long 

as norm-violators benefit in times of resource abundance. Increased scarcity, potentially 

mediated through resource variability, can enhance cooperation because scarcity favors 

cooperation in the sense that the benefits of violating the norms are smaller (less is to be 

extracted), while the sanctioning strength against norm-violators remains high when the 

resource becomes scarcer (Schlüter et al. 2016). 

 
The other strand of literature posits that resource scarcity may give rise to collapse of 

cooperation among the users of the commons. For instance, resource scarcity may increase 

competition for resource appropriation which can lead to a faster rate of depletion (Grossman 

& Mendoza 2003). This finding is in line with experimental evidence from Blanco et al. (2015), 

who have found that resource users increase their appropriation levels when the resource 

becomes scarcer, no matter whether the reduction in resource availability is abrupt or gradual. 

Users even tend to appropriate more resources if they experience scarcity in the past (Blanco et 

al. 2015). This is further supported by Pfaff et al. (2015), who find in another experiment that 

users tend to extract more if the resource is initially scarce, leading to erosion of collective 

action. In a similar vein, theoretical work has shown that cooperation may collapse in the wake 

of scarcity if scarcity increases the temptation to defect because cooperatively-minded 

individuals restrain themselves as an attempt to restore the resource (Richter et al. 2013).  

 
Contextual factors such as inequality and user heterogeneity may interact with external 

disturbances and hence affect the evolution of social norms and self-organization (Bisaro & 

Hinkel 2016). In the context of water governance at a local scale, unequal land endowments 

may have significant implication for the emergence of collective action. Land inequality may 

pose an obstacle towards cooperation, depending on the complementarity between land and 

water (Marchiori 2014). Kun and Dieckmann (2013) have also demonstrated that user 

heterogeneity has important implications for the emergence of cooperation. Inequality of an 

initial resource endowment can facilitate or hinder cooperation depending on the benefits of 

defection (Kun & Dieckmann 2013). 
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Clearly, both inequality among users and resource scarcity can impact the emergence and 

maintenance of cooperation in the commons. Previous papers have analyzed i) how social 

norms emerge and overcome social dilemmas in the case of equal access to the resource (Sethi 

& Somanathan 1996; Tavoni et al. 2012; Richter & Grasman 2013); ii) how availability and 

variability of the resource inflow affect cooperation among agents and the long-term use of a 

CPR (Schlüter et al. 2016); and iii) how resource inequality affects collective use of a resource 

(Marchiori 2014; Kun & Dieckmann 2013; Rasch et al. 2016). However, how resource scarcity 

and inequality interact and hence affect cooperation in the use of common resources remains 

unexplored.  

 
The organization of the paper is as follows. Section 2 is the presentation of the SES model, 

which consists of three components, namely the biophysical model, the economic model and 

the social dynamics model. Section 3 presents the results, investigating how resource scarcity 

and user heterogeneity affect cooperation. Section 4 concludes and discusses the findings. 

 

2.2. The model 

 
We consider a case of small-scale irrigation system in a community, which is part of a social-

ecological system (SES). The community consists of  farmers having access to a common-

pool resource – a joint river from which water is withdrawn for irrigating a single crop in two 

seasons of the year, namely rainy and dry seasons. In this irrigation system, a proportion of 

water can be saved in the rainy season for later use in the dry season to cope with seasonal 

variability.  

 
When sharing a common-pool resource, farmers face a social dilemma in which individual and 

group interests are misaligned. While it would be socially optimal to save water in the rainy 

season for farming in the dry season, this is not individually rational, as the saved water may 

potentially be used by other farmers, making the individual who saved the water worse off. In 

the model, we allow social norms of cooperation to evolve that guide resource users’ behavior 

regarding water use. Following the tradition of Sethi & Somanathan (1996), we assume that 

some agents act cooperatively, while others act selfishly. The selfish agents (called defectors) 

are generally short-sighted and maximize their own short-term interests. Using the amount of 

water extracted as a yardstick to define behavioral choice, a defector thus extracts an amount 

of water greater than the social optimum. The cooperators follow social norms that guide water 
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use in both seasons and punish defectors. If water is scarce, cooperators restrain water use in 

the rainy season and save for the dry season so that everyone is potentially better off.  

 
Furthermore, the resilience of social norms of cooperation may be threatened by socioeconomic 

and environmental changes. When the sales price of the agricultural commodity increases in 

the rainy season, farmers may be tempted to use more water in the rainy season because the 

marginal profit from doing so is higher. Likewise, when water becomes scarcer, farmers who 

take water early on are the ones who benefit from farmers who are modest and try to save. Fig. 

1 shows a conceptual model on how the dynamic interplay between water scarcity and 

variability in the natural system and inequality among agents in the socio-economic system may 

affect the behavior of farmers in water allocation.  

 
To analyze inequality among agents in promoting or reducing cooperation, we distinguish two 

cases of our model: the basic case in which each agent is homogeneous in terms of farming 

skills and land endowments and the extended case in which agents are heterogeneous.  

 

 

Fig.1. A conceptual model on the emergence of social norms in the wake of climate change and 

inequality. Climate change induces changes in rainfall pattern, which modifies the water inflow 

conditions in terms of quantity and seasonal variation. The changes in water availability thus affect the 

decisions of agents regarding seasonal water allocation following their norms that govern resource use, 

which then affect water availability. Differences in water use translate into differences in profits, giving 

rise to social dynamics. Cooperators punish defectors, while the more successful strategies are imitated. 

Inequality may act as a driver on the social dynamics, as individuals who are better off have a higher 

probability to be imitated.  
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2.2.1. Resource dynamics  
 
Water flows in a river are determined primarily by rainfall, which is stochastic. Water 

availability in the river thus fluctuates intra- and inter-annually. For simplicity, we define a 

random variable , 	as the total available water in the rainy season at year t with a mean value 

of  and a stochastic term , which denotes water variability. We assume that 	is normally 

distributed, with zero mean and standard deviation , i.e. ~ , . The quantity of water 

available in the rainy season ( , ) and dry season ( , ) is given by  

 , ,          ( 1) 

 , , , ,         ( 2) 

where ,  is the total amount of water withdrawn by all agents in the rainy season at year t. 

We assume that water can be saved in the rainy season for the dry season, and all water will be 

exhausted in the dry season. Water availability at a given year thus depends solely on water 

inflow occurring in the rainy season of that particular year. Hence, the social dilemma concerns 

inter-seasonal water allocations where agents make decision on water use in a given year. Water 

availability is influenced by external disturbances, e.g. climatic change, which induces shifts in 

rainfall patterns causing changes in both quantity and distribution of water inflow. We model 

the potential effects of climate change on water resource dynamics by varying the values of 

mean inflow ( ) and standard deviation of water inflow ( ). 

 
2.2.2. Agent heterogeneity and inequality 
 
While the basic model comprising homogenous agents will be an important benchmark, we also 

consider the case where agents are heterogeneous. First, we introduce skill heterogeneity and 

take into account that not only water use determines yield, but also the skill of each agent, 

denoted by . Skill  is time-invariant and randomly distributed with mean ̅ and standard 

deviation . Second, we consider land heterogeneity by assuming that each farmer is endowed 

with acreage , which is agent-specific and randomly distributed with mean , and standard 

deviation . Furthermore, we introduce the presence of small and large landholders in the 

community by considering a bimodal distribution of land among the two groups. Specifically, 

it is modeled as the mixture of two Gaussian distributions, with two means and two variances, 

each representing the attributes of each farmer group with equal mixing proportions. The small 

landholders are endowed with a mean land size of  and the large landholders with . Both 
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are assumed to have the same variance of land endowment and hence the same standard 

deviation ( , , ).  

 
2.2.3. Water allocations 
 
The economic model presents farmers’ optimal land and water allocations for irrigating a single 

crop in the rainy (subscripted ) and dry (subscripted ) season at a given year. Each farmer 

(indexed by i) is endowed with land , which can be cultivated twice a year: once in the rainy 

season denoted by ,  and once in the dry season denoted by , . Yield per unit of land of 

agent  is given by  

⁄ ,        (3) 

where  is the total production,  	 is the amount of water use per unit land, and , , and	  

are yield parameters. We assume that the price of the agricultural product is exogenous and the 

community can be considered a price-taker. However, the sales price in the rainy season ( ) is 

different from the price in the dry season ( ). We also assume a fixed farming cost  for each 

unit of land cultivated, which may differ between seasons. Total profit of farmer  in both 

seasons is given by 

 , , , , , , , , , , .   (4) 

Since profits depend linearly on land  (see equations 3 & 4), the optimal use of land is 

prescribed by a “bang-bang” solution. If farming is profitable, ⁄ , it is optimal to 

use all land in the relevant seasons. If it is profitable in both seasons, we have ∗ ∗ . 

However, if farming is not economically viable, no land is used. 

 
The decision on how much water to use is more complex. Defectors are short-sighted and 

withdraw water from the river system at the individual myopic optimum ignoring any benefits 

of saving water for the dry season. Cooperators use water at a socially optimal rate, typically 

saving water in the rainy season for the dry season. In particular, cooperators withdraw their 

“fair share” of water, i.e. the social optimal use of water divided by the number of farmers. 

When water becomes scarce, a social dilemma arises and short-sighted defectors are strictly 

better off than sustainably-minded cooperators. The main difference between cooperators and 

defectors is thus in how much water is used in the rainy season. In the dry season all water is 

used as long as marginal benefits are positive. For simplicity, we assume that the remaining 

water in the dry season is divided symmetrically among all agents, since the cooperative 

solution and the competitive solution (defined by the Cournot-Nash equilibrium) coincide in 

the dry season.  
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Formally, short-sighted farmers simply maximize the profits from each farming season 

separately, subject to land constraints , 	and , , which implies that using the same 

plot of land in both seasons (i.e. double cropping) is possible. The water constraint is the total 

water available in the system determined at the beginning of the year, while for the second 

season their water constraint corresponds to the amount of water left in the system. Hence, 

water constraints are given by , ⁄  for the rainy season and , ⁄  

for the dry season. In optimum, a short-sighted farmer equates marginal return from a unit of 

land with marginal cost of cultivating the land in each season, i.e. ( / ). For water 

allocation, water is used until marginal returns from using water is zero in each season, i.e. 

( / ).  

 
Cooperators allocate water for both seasons at the beginning of the year by maximizing total 

profit (see equation 4), subject to land constraints , 	and ,  and water constraints 

according to water availability in the system. In the rainy season, the water constraint for 

cooperators is the proportional share of the total water available in the system ( ,  

/ ). In the dry season, their water constraint corresponds to the total water available left 

( ,  ⁄ ). In optimum, a sustainably-minded farmer equates the marginal 

return to water in both seasons, i.e. , / , , / , , and equates marginal 

returns to a unit of land used in each season with marginal costs of cultivated land, i.e. 

( / ). 

The optimization problem of cooperators and defectors can be solved analytically with 

inequality constraints, by forming the Lagrangian and using the Kuhn-Tucker conditions. It can 

also be solved numerically using the fmincon solver in MATLAB (Mathworks Inc.).  

 
2.2.4. Social dynamics 
 
After harvesting in both seasons has taken place, social dynamics unfold. The social dynamics 

build upon principles from evolutionary game theory (Sigmund & Nowak 1999; Nowak 2006a) 

that depicts how cooperation and defection as strategies evolve. The key idea is that strategies 

will be imitated depending on the relative utility derived from each strategy. In our model, 

cooperators restrain themselves to a socially optimal level of water extraction and punish 

defectors who extract water at an individually optimal level.  
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Our model builds upon Sethi & Somanathan (1996) regarding how the social norm of 

restraining water and punishing uncooperative behavior evolves. A key difference is that Sethi 

& Somanathan (1996) use a deterministic model building on ordinary differential equations, 

while we develop a probabilistic agent-based model.   

 
Punishment takes place upon encounters between two agents. We model encounters as a 

Poisson processes (Richter et al. 2013), meaning that encounters occur randomly between two 

agents. The probability that agent i is part of such encounter is thus equal to / . At time t in 

total  encounters take place in the community, so that agent i has an expected number of 

encounters equal to / . Denoting / , we define  as the community social capital 

which indicates how frequently an agent encounters others in the community. For example, 

when , then , meaning that an agent has a chance of encountering at least two other 

agents in the community at time t.  

 
If a cooperator and a defector encounter each other, social sanctions, i.e. punishments occur. 

We assume that a cooperator incurs a utility loss  from punishing a defector who, in turn, bears 

a utility loss  from being punished. We refer to  and  as a unit cost of punishing and being 

punished respectively for cooperators and defectors and assume . This can be thought of 

as social disapproval or actual destruction of material (Masclet et al. 2003). The expected utility 

loss of a cooperator from sanctioning defectors is thus increasing with the number of defectors 

being caught and punished. The expected utility loss of a defector from being punished is 

increasing with the number of cooperators imposing punishment. Punishment is probabilistic, 

i.e. a cooperator may punish more than one agent and a defector may be punished by more than 

one cooperator. 

 
In each interaction loop, the number of social encounters are counted. For example, the number 

of defectors being caught and punished by an agent i (a cooperator) at time t is given by , , 

while the number of cooperators imposing punishment on individual agent j (a defector) at time 

t is given by , . The utility of cooperator i (  and defector j (  are, thus, given by 

 , , , ,         ( 4) 

 , , , .         ( 5) 

 

An agent who bears excessive punishment costs (either as a punisher or as being punished) 

considers changing behavior. Whether agents change behavior depends on how successful the 
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current strategy is compared to what others in the community are doing. Again, this process is 

random. We assume that – after all punishment has taken place – two agents are matched 

randomly. The probability of switching to the other strategy depends on how successful both 

strategies are. If the utility of agent  is lower than that of agent , the probability of agent  

switching from strategy  to  being equal to / . Otherwise, the agent  keeps 

using the same strategy. 

 
For the analysis in the next section, three key parameters are chosen, namely the initial 

proportion of cooperators ( ), punishment strength ( / ) which depicts how costly it is for 

an agent to be punished for violating norms, and social capital ( / ) which depicts how 

likely and frequently agents encounter and perform punishment in a single year. 

 

2.3. Results 

 
The agent-based model is solved for the given parameter values by MATLAB (Mathworks 

Inc.). All parameter values and their definitions are summarized in Table 1. In section 3.1–3.2 

we illustrate the effect of changing water availability and variability on cooperation in cases 

where agents are homogeneous in terms of yields and wealth. In section 3.3 we analyze whether 

cooperation can be maintained when agents differ in terms of skills and land endowments.  For 

the same amount of water use, agents possessing high skill can produce higher yield than those 

who possess low skill. Similarly, agents endowed with large landholding can generate more 

income than those endowed with small landholding, as income is directly proportional to land.  
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Table 1. Model variables and parameters with default values  
 
Symbol  Definition Values Unit 

Variables     

 Total water available    m  

 Individual water withdrawal   m /ha 

 Total water withdrawal   m  

 Number of cooperators    

 Number of defectors    

Parameters  Rainy season Dry season  

 Mean inflow 700000  m  

 Standard deviation of inflow 200000  m  

 Yield parameter 0 0 kg/ha 

 Yield parameter 2 2.5 kg/m  

 Yield parameter 1/1500 1/1500 kg/m . m /ha  

 Unit sale price 0.25 0.3 /kg 

 Fixed cost per unit land 200 200 /ha 

 Mean acreage 3 3 ha 

 Mean acreage of small landholders 2 2 ha 

 Mean acreage of large landholders 4 4 ha 

, ,	 ,  Standard deviations of acreage 1 1 ha 

 Initial proportion of cooperators 0.5   

 Community size 100   

 Social capital 1   

 Unit cost of punishing 400   

 Unit cost of being punished  600   

̅ Average skill factor 1   

 
 
2.3.1. Dynamic patterns of emergence and collapse of cooperation 
 
We started the simulation with default value of parameters except that of punishment strength 

and observed temporal patterns of cooperation under two conditions: low punishment strength 

( / .  and high punishment strength ( / . ), as peer punishment is the mechanism 

in our model that may sustain cooperation. High punishment strength means it is very costly to 

defect. Through 100 repeated runs, we observed that the model reaches only two possible 

equilibria: full cooperation (full-C) and full defection (full-D). Mixed equilibria comprising 
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cooperators and defectors were not found, consistent with the results of Sethi & Somanathan 

(1996). For a certain range of parameter values (see section 3.2), however, the model could 

reach bi-stability where the system rests in either full-C equilibrium or full-D equilibrium, 

depending on stochastic dynamics. In general, the model reaches the equilibrium well before 

the 100th time step. When agent heterogeneity is considered, however, equilibrium time varies. 

For each repeated run, we thus run the model until it reaches equilibrium. In Fig. 2, we show 

the two possible outcomes where cooperation collapses under the low punishment condition 

and emerges under the high punishment condition. The collapse of cooperation (Fig. 2a) is 

preceded by an widening gap in utility between cooperators and defectors with defectors’ utility 

being higher. In a similar vein, the emergence of cooperation is followed by an increasing utility 

of cooperators over utility of defectors. 

 

 

Fig. 2. Temporal patterns of emergence and collapse of cooperation under a) low punishment condition 

( / . ) and b) high punishment condition ( / . ). The model was simulated with default 

parameter values for 100 repeated runs. The number of cooperators at each time step and the utility of 

defectors (D) and cooperators (C) were averaged over 100 runs, where standard deviations were also 

shown. 

2.3.2. Effects of key social, economic and environmental parameters on 

cooperation 

 
We conduct a series of simulations to analyze how key social, economic and environmental 

parameters affect cooperation. The model reaches only two possible equilibria – full 

cooperation (full-C) and full defection (full-D) – depending on social and environmental 

parameters (Fig. 3).  
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First, as the punishment strength ( / ) increases – which measures how costly it is for a 

defector to violate the norm, the percentage of runs that reach full-C increases. When /

. , all simulations result in full-C. Intuitively, if the costs of punishing free-riders decrease vis-

a-vis the costs of being punished for free-riding, social norms of cooperation spread more easily 

in the community. Second, the greater the initial proportion of C, the higher the percentage of 

runs that reach the full-C equilibrium. Intuitively, if only a small number of cooperators attempt 

to discipline many defectors, they will quickly give up – leading to the full-D equilibrium. At 

the same time, many cooperators will be very successful in punishing a small number of 

defectors, leading to the full-C equilibrium. If the initial proportion of C is neither too small nor 

too large ( . . ), the model may reach either full-C or full-D equilibrium, giving rise 

to bistability. Third, increasing the relative price ( / ), which measures the benefits of saving 

water for the dry season, leads to less cooperation. Tragically, when cooperation is most 

beneficial, least cooperation is observed. Intuitively, this happens because cooperators are 

doing what is socially optimal (saving more water), while the defectors are the ones who 

benefit, increasing the temptation to defect.  Fourth, social capital , which measures the 

frequency of encounters in the community, has a positive effect on cooperation. Intuitively, 

more interactions imply that defection is detected and sanctioned more often, disciplining 

defectors. Finally, an increasing water inflow increases the chance of reaching full cooperation, 

as more water can potentially be saved for use in the dry season, decreasing the incentive for 

defecting. Increasing resource variability favors defection, mostly because in times of scarcity 

cooperators are the ones who restrain water use, increasing the temptation to defect. 
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Fig. 3. We present the effect of key parameters on cooperation in the form of one-at-a-time sensitivity 

plots where the x-axis stands for the varying values of a) punishment strength, b) initial proportion of 

cooperators, c) relative sales price, d) social capital, e) mean water inflow, f) water variability. To 

account for stochasticity in the model, we run the model 100 times repeatedly for each single value of 

the parameter and count the percentage of model runs that reach the full-cooperation equilibrium (green 

line) and full-defection equilibrium (red line).  

 

2.3.3. Effects of changing resource conditions 
 

(a) Effects of resource scarcity 

 
In Fig. 4 we show that increasing water scarcity may lead to the collapse of cooperation in 

various social and economic circumstances. Overall, under the scarcity condition where the 

mean inflow is less than , full defection is the outcome for a large parameter space of 

the initial proportion of cooperators (Fig. 4a), punishment strength (Fig. 4b), social capital (Fig. 

4c)  and relative price (Fig. 4d). In all those cases, cooperation collapses because the water that 
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is saved by cooperators for potential use in the dry season is taken out by defectors, which 

makes the profits of the latter relatively higher than the former. If water is abundant, cooperation 

can thrive for most of the parameter space for all social and economic parameters. Here, when 

water is almost sufficiently available for all agents for farming in both seasons, the difference 

between the profits of cooperators and defectors is small, making the defecting strategy inferior 

as the utility loss due to punishment is larger than the potential gains from using slightly more 

water.  

 

 

Fig. 4. Heat map illustrating the effects of mean water inflow on cooperation for key social and economic 

parameters. The lower the mean inflow is compared to the default value ( ), the greater the scarcity 

is. Here, we performed 100 repeated runs for each single value of the parameters and count the 

percentage of model runs that reach the full-cooperation or the full-defection equilibrium. The color bar 

shows the percentage of model runs that reach full-cooperation equilibrium (light green) and full-

defection equilibrium (red). The white color represent the case where the model features bistability and 

may reach either full cooperation or full defection.  

 

(b) Effects of resource variability 

In Fig. 5 we show that variation in water inflow has a small negative effect on cooperation 

under various social and economic conditions. If the water inflow varies widely from year to 

year, it is more difficult to maintain cooperation in the community. For almost the whole 



Chapter 2 
 

36 
 

parameter space for the initial proportion of cooperators, social capital and relative price, the 

defectors dominate in the community, especially when the degree of variability is high (

). Cooperation can be maintained, however, if the punishment strength is high ( /

). Note that water variability has a much weaker effect on cooperation than changes in mean 

inflow. Intuitively, a high degree of water variability leads to a reduction in profits of both 

cooperators and defectors. However, as the profit function is concave in water use, a high 

variability slightly favors defection. Also, increased variability increases the zone of bi-

stability, as stochasticity is more pronounced.  

 

 

Fig. 5. Heat map illustrating the effects of water variability on cooperation for key social and economic 

parameters. The higher the standard deviation of resource inflow is compared to its default value 

( ), the more variable the resource is from year to year. To account for stochasticity, we performed 

100 repeated runs for each single value of the parameters and count the percentage of model run that 

reach full-cooperation or full-defection equilibrium. The color bar shows the percentage of model runs 

that reach full-cooperation equilibrium (light green) and full-defection equilibrium (red). The white 

color represent the case where the model features bistability and may reach either full cooperation or 

full defection. 
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(c) Combined effects of resource scarcity and variability 

 
So far we have explained the effects of water scarcity and water variability on cooperation 

separately. Here, we consider the case where water scarcity and water variability may interact 

and affect cooperation in the community. Fig. 6 shows that the combined effects of water 

scarcity and water variability on cooperation become much more pronounced when the two 

interact. If punishment strength and social capital are low, it is impossible to maintain 

cooperation under the condition of highly variable inflow ( ), even if water is 

abundant ( ) (Fig. 6a). Cooperation is only stable when the mean inflow is high and 

the degree of variability is low. However, if the punishment strength is high (Fig. 6b), 

cooperation can be enhanced, even if social capital is low and water is scarce, as long as the 

degree of water variability is not too high. Furthermore, if punishment is low and the 

community has strong social capital, cooperation can be maintained in various levels of water 

scarcity and variability (Fig. 6c). Finally, under high social capital and high punishments 

cooperation can be supported, unless the mean inflow is very low ( ) 

 

 

Fig. 6. Combined effects of water scarcity and variability on cooperation for a) low punishment and low 

social capital, b) high punishment and low social capital, c) low punishment and high social capital, d) 

high punishment and high social capital. To account for stochasticity, we performed 100 repeated runs 

for each single value of the parameters and count the percentage of model run that reach the full-
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cooperation or full-defection equilibrium. The color bar shows the percentage of model runs that reach 

full-cooperation equilibrium (light green) and full-defection equilibrium (red). The white color represent 

the case where the model may reach either full cooperation or full defection. 

2.3.4. Effects of inequality and heterogeneity 
 

(a) Skill heterogeneity 

 
In the previous section we have analyzed water scarcity and water variability without 

considering different capacities or skills of farmers. Here, we observe in Fig. 7 that skill 

heterogeneity has only a weak effect on cooperation. For instance, if water becomes scarcer, 

cooperation will collapse regardless of the degree of heterogeneity (Fig. 7a). In addition, if 

water varies greatly from year to year, skill heterogeneity reduces the probability of reaching 

full cooperation. (Fig. 7b). In our model, a more skillful agent is able to produce higher yield 

than a low-skill agent for the same amount of water use. Intuitively, cooperation is affected 

because heterogeneous skills blur the relationship between decisions and outcomes. A low-skill 

defector is potentially worse off even if subjected to mild punishment, while a very skillful 

defector may be able to succeed in spite of large social disapproval, even though he would have 

been outperformed by cooperators if skills were homogenous. 

 

Fig. 7. The combined effects of skill heterogeneity and environmental changes on cooperation. Here, 

the x-axis represents the varying values of standard deviation of the skill parameter – the higher the 

value , the higher the degree of heterogeneity. The y-axis represents the environmental parameters, 

namely a) the mean inflow and b)water variability. Here, we performed 100 repeated runs for each single 

value of the parameters and count the percentage of model runs that reach the full-cooperation or full-

defection equilibrium. The color bar shows the percentage of model runs that reach full-cooperation 

equilibrium (light green) and the full-defection equilibrium (red). The white color represent the case 

where the model may reach either full cooperation or full defection. 
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(b) Land inequality 

 
Land inequality is another potential factor that can catalyze the effects of environmental 

changes on cooperation. We model inequality as the degree of variability in land distribution 

among agents (land heterogeneity) and proportion of large landholders in the community. 

Overall, increasing inequality can lead to a collapse of cooperation, especially under conditions 

of low water inflow and high degree of water variability (Fig. 8). Cooperation can only emerge 

if low degree of land heterogeneity goes hand in hand with i) a very high degree of water inflow 

(Fig. 8a) or ii) a very low degree of water variability (Fig. 8c). In our model, profit is directly 

proportional to land, a more unequal distribution of land results in a greater discrepancy in 

profits as well as utility among agents, making it harder for cooperators to discipline defectors. 

Intuitively, inequality makes sanctioning less effective, because high-earning defectors may 

still enjoy relatively higher utility than poor cooperators, inducing the latter group to also defect 

. Similarly, increasing the proportion of large landholders can potentially reinforce the negative 

effects of water scarcity on cooperation (Fig. 8b and 8d). Intuitively, similar to the effects of 

land heterogeneity, large landowners will not feel sanctions sufficiently strongly to change 

behavior, and less fortunate individuals may end up imitating them. For example, a poor farmer 

with small landholding may imitate a rich farmer with large landholding regarding the decision 

on water use, hoping to be as successful as the rich one. The inability to separate the role of 

extra income gained from cultivating on a relatively large land size, can be illusive for the poor 

as the foundation of the success (i.e. land endowments) cannot be imitated.  
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Fig. 8. The combined effects of land inequality and environmental changes on cooperation. Here, the x-

axis represents the varying values of land heterogeneity which is characterized by the standard deviation 

of land and proportion of large landholders. The y-axis represents the environmental parameters, namely 

the mean inflow and the water variability. Here, we performed 100 repeated runs for each single value 

of the parameters and count the percentage of model run that reach the full-cooperation or full-defection 

equilibrium. The color bar shows the percentage of model runs that reach full-cooperation equilibrium 

(light green) and the full-defection equilibrium (red). The white color represent the case where the model 

may reach either full cooperation or full defection. 

2.4. Discussions and conclusion 

 
We have developed an agent-based model to analyze how socioeconomic and environmental 

changes affect the cooperation of agents in a self-governing community who share a resource. 

Our model considers a community of resource users who share water from a joint river. The 

water availability varies between seasons and between years and the members may be exposed 

to some degree of heterogeneity in terms of skills and land endowments. Social norms of 

restraining water use are emerging in the community and punishment of norm-violators is the 

enforcement mechanism to overcome the social dilemma arising from seasonal allocation of 

water.  
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The model results show that social norms may erode in response to changes in resource 

conditions. Particularly, we have shown that resource scarcity and variability may hinder 

cooperation, especially when combined, and when the community faces some degree of 

inequality and heterogeneity. These findings are consistent with those of Sethi & Somanathan 

(1996), who show that cooperation can be maintained if the number of punishers is sufficiently 

large, but upon collapse, cooperation cannot reemerge. Our model predictions differ from 

Schlüter et al. (2016), who found that scarcity may actually foster cooperation. The difference 

comes from the assumptions regarding performance under scarcity and abundance. While in 

Schlüter et al. (2016), the benefits from defecting are relatively smaller under scarcity, in our 

model defecting is especially lucrative under scarcity because of the presence of rainy and dry 

seasons. Any attempts taken by cooperators to save water for the dry season are benefitting 

defectors, who may use the water in the rainy season already. On a more fundamental level, the 

question whether cooperation thrives or erodes in times of scarcity, depends on how (i) the 

benefits and costs of cooperative acts are distributed and (ii) the enforcement mechanism in 

place. In the real world, both elements will be case-specific and therefore the question of 

cooperation will be mostly an empirical, rather than a theoretical one. However, with a 

theoretical model like this one can produce hypotheses that will then provide good grist for our 

empirical mills to test key factors that facilitate or undermine cooperation in the field.  

 
Our theoretical model is based on evolutionary game theory where agents are assumed to act 

cooperatively or selfishly following the tradition of Sethi and Somanathan (1996). The 

behavioral rules are still relatively simple and it would be interesting to add more realism to a 

theoretical model like this one. First, in our model the only available strategies are cooperation 

and defection. It would be very interesting to allow for continuous strategies, where agents 

could choose from a whole continuum of extraction levels and cooperation would not be an all 

or nothing decision (Killingback & Doebeli 2002; Doebeli et al. 2004). Second, we assumed 

that the community is well-mixed, i.e. encounters with other agents are entirely random. 

Allowing for spatial structure, either as people having neighbours (Nowak 2006b; Noailly et al. 

2009) or operating in a network (Rand et al. 2014; Ohtsuki et al. 2006) would most likely create 

cooperative clusters and favor co-existence of cooperators and defectors. Third, we assume that 

the remaining water in the dry season is divided symmetrically among all agents. This 

assumption is obviously motivated by analytical convenience, rather than realism. 

Alternatively, one could consider that skillful get more water, since they can use it more 

efficiently. Also, it seems plausible that richer farmers are more successful in appropriating 
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water, potential increasing the income difference between rich and poor farmers. Fourth, 

punishment is assumed to be only dependent on the number of cooperators, but the punishment 

costs are constant for punishers and defectors. In reality, both components are most likely 

dependent on how widespread defection is, as it seems much more difficult to sanction selfish 

behavior if it is in line with the empirical, i.e. observed social norm. Also, it seems plausible 

that users are more inclined to sanction if the resource is scarce and the social dilemma is more 

severe. Such adaptive punishment may be able to respond to scarcity and potentially also to the 

erosion of norms itself, either requiring stronger punishment or changing the cooperative 

strategy itself under scarcity. Richter & Dakos (2015) have shown that such collapse of norms 

can be anticipated with resilience indicators, derived from, for example, fluctuations in profits. 

Whether such adaptive self-governance system could evolve fast enough – if at all – and how 

it would look like seems like an exciting topic for further research.  

 
While our study is theoretically grounded, our paper provides some indications for the fragility 

of cooperation towards external pressures, such as climatic changes. In the context developed 

here, we have shown that the resilience of social norms could be weakened by those changes 

and a collapse of cooperative arrangements may occur. For policy makers, an important take-

home message is that any projected changes in agricultural yields due to climate change will be 

dependent on how the institutional setting responds to scarcity. Our results are purely 

theoretical, but they suggest that welfare losses because of climate change might be higher than 

expected, as this would not only depend on water availability, but also on the welfare losses 

that may arise from the breakdown of cooperative arrangements.  

 
While the paper mainly shows the fragility of social norms, there are also promising findings. 

Perhaps most importantly, cooperation is much more resilient towards external pressures if 

social capital (i.e. the frequency of encounters) is high. Fostering community meetings and 

creating common interaction places (e.g. common drying areas) seems like a relatively cheap 

option to maintain cooperation. Such approaches are indeed often favored by NGOs (Agrawal 

& Gibson 1999). Our model is entirely theoretical and its lack of empirical grounding prevents 

any predictions about real world cases. Therefore, an exciting next step would be to take our 

model predictions to the field to validate the results and also test potential policy solutions to 

foster the resilience of social norms that help preserving common-pool resources. 
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Abstract 
 

In many parts of the world, water governance is in the hands of local communities. Typically, 

social norms of cooperation are important mechanisms to ensure sufficient contributions to 

maintain a certain water infrastructure, and also to restrain excessive water use. Field work in 

Kampong Chhnang (Cambodia) documents a mixed picture regarding the success of self-

governance. While some villages have well-functioning water infrastructure systems and high 

levels of cooperation, others are left with dysfunctional infrastructure and low cooperation. We 

hypothesize that this outcome may be the result of an institutional trap, where poor 

infrastructure leads to scarcity and low revenues, undermining cooperation further, essentially 

creating a vicious cycle. We also hypothesize that conditional cooperation may explain why 

some communities can overcome such an institutional trap. We develop an agent-based model, 

in which users have to decide how much to contribute to common water infrastructure and how 

much water to extract. This decision is based on economic considerations, but also reputational 

concerns, where the own decision is evaluated against the social norm, formalized as the 

mechanism of conditional cooperation. We find that the system features alternative stable 

states, depending on initial conditions. If the system has a functioning water system initially 

and a high level of cooperation, prosperity can be created, which facilitates further investments 

in water infrastructure, fostering cooperation further. If the community features initial scarcity, 

cooperation is relatively costly, undermining investments in water infrastructure.   

 

Key words: Path dependencies, institutional traps, conditional cooperation, scarcity, agent-

based modeling 
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3.1. Introduction 

 
In many parts of the world, water governance is in the hands of local communities (Ostrom 

1990; Lansing et al. 2017). Social norms of cooperation have been identified as key mechanisms 

to ensure sufficient contributions to maintain a functioning water infrastructure, and also to 

restrain excessive water use. Yet, most studies on self-governance of common pool resources 

focus on either extraction of common-pool resources (CPR), such as water, or investment in 

public goods (PG) provisioning, such as water infrastructure, but rarely both combined. In many 

real-world situations, however, both problems are strongly coupled (Gardner et al. 1990). For 

example, farmers often need to collectively invest in infrastructure maintenance (PG) so that 

enough water (CPR) can be maintained in an irrigation system and used by community 

members. The question to what extent the coupling of social dilemmas, in particular the 

contribution to water infrastructure (PG) and restraining from extracting too much water (CPR) 

affects cooperation is the key contribution of this paper.  

 
In this paper, we analyze how social norms of cooperation with regard to (i) investment in water 

infrastructure and (ii) water extraction co-evolve with an agent-based model. We observe strong 

path-dependencies where initial scarcity and poor infrastructure makes the personal sacrifice of 

cooperating relatively costly. As a result, cooperation erodes, leading to an institutional trap of 

poor water infrastructure and low cooperation. The opposite can emerge with initial abundance, 

where cooperation is relatively cheap, and in the long run well-maintained infrastructure, high 

cooperation, and general prosperity can be observed. Previous research suggests that a system 

comprising of more conditional cooperators is more likely to be successful in managing 

common pool resources (Rustagi et al. 2010). This correlation is supported by field work carried 

out in Cambodia and presented here. However, establishing causality from observational data 

is a challenge, and our modelling work provides some insights in this regard. While conditional 

cooperation is typically studied in an experimental or empirical setting, formalizing it in a 

dynamic framework is not widely considered; but see Richter and Grasman (2013). We 

formalize conditional cooperation in the model  through a reputational mechanism. Individuals 

have an intrinsic motivation to comply with social norms, and thus deviating from the social 

norm generates disutility due to psychological costs. Aligning one’s behavior with the social 

norm leads to utility gains (Fehr and Schurtenberger 2018). One of the main reasons for such 

psychological cost arising from non-compliance with social norms is due to an internal 

motivation to preserve a positive self-image or reputation in the society (Brekke et al. 2003; 
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Fehr and Schurtenberger 2018), which is rooted in the desire to uphold a certain self- or group-

identity (Akerlof and Kranton 2000; Brekke and Howarth 1998). Cooperative behavior is 

socially desirable and thus leads to higher reputation, while selfishness (so-called defection) is 

socially undesirable, which thus leads to lower reputation. Reputational considerations can 

facilitate cooperation among different partners, especially if the social image or reputation of 

an individual is known within the community (Nowak and Sigmund 1998; Milinski et al. 2002). 

Thus, at the heart of social norm of conditional cooperation lies the moral motive to align own 

behavior with social norms at large.  

 
There are a few studies that have analyzed coupled social dilemmas arising from both CPR 

extracting and investing to a PG before (Botelho et al. 2015; Solstad and Brekke 2011). Solstad 

and Brekke (2011) model the coupled social dilemmas as a two-stage sequential game, in which 

income surplus from extracting a CPR in the first stage is used for buying a private good and 

contributing to a PG in the second stage. They find that the possibility to provide the PG serves 

as a collective interest and hence can help to overcome the social dilemma in CPR extracting. 

Their results rest on the assumption that in equilibrium, at least some individuals contribute to 

the public good. Economic calculus will determine that the marginal (private) benefits equal 

the marginal (private) costs of providing the public good. Those individuals who will be richer 

after the first stage will contribute more as the marginal value of money decreases with wealth. 

This implies that there is no incentive to become richer by not cooperating in the first stage. 

Botelho et al. (2015) expand the model and test it in a laboratory setting. For both papers, the 

sequential nature of the social dilemma is salient, and so is the assumption that at least some 

individuals will have an incentive to contribute. In a natural setting, however, both assumptions 

may not be met. Also, in reality the benefit structure of water infrastructure, or  PG more 

generally, is often nonlinear and exhibits thresholds, which is what we consider here. The paper 

starts by presenting the case of water governance in Cambodia and showing some stylized facts 

from field experiments. In section 3, the agent based model will be presented, before presenting 

the results in section 4. Finally, section 5 concludes.  

 

3.2. Conditional cooperation and water governance in Cambodia 

 
In Cambodia, irrigation is a key element of water governance, as it is salient for small-scale 

farming, which is very prevalent in the rural areas. Such a system depends largely on collective 

action of farmers. In many villages, a Farmer Water User Community (FWUC) is  present as a 
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self-governing institution and plays a main role in regulating water sharing among farmers, as 

well as collecting contributions to infrastructure maintenance. The success of the FWUC in 

maintaining a high quality infrastructure to safeguard water availability is mixed. While in some 

places the water infrastructure is well-functioning, in others the infrastructure is dysfunctional, 

due to underlying differences in governance and institutional structure (Mak 2017). The mutual 

feedbacks between individual actions and institutions lead to a complex institutional structure, 

best described as ‘institutional bricolage’ (Sakketa 2018), where institutions are the emergent 

outcome of individual decisions and social interactions. In Ethiopia, field evidence suggests 

that the presence of conditional cooperators in the system could explain the success in commons 

forest management (Rustagi et al. 2010). Along the same lines, we hypothesize that the success 

of user communities to maintain water infrastructure could be linked to conditional cooperation. 

We explored this in the Kampong Chhnang province of Cambodia, where we run lab-in-the-

field experiments with farmers to study conditional cooperation, followed by a survey asking 

participants to elaborate on their experience with resource scarcity, observed infrastructure 

quality, and how many users contribute to infrastructure maintenance. The study was reviewed 

by the Social Sciences Ethic Committee of Wageningen University and registered as a pre-

analysis plan; see Richter et al. (2020). For more details on the study area, the conditional public 

goods game, and the complete survey, please see Schuch et al. (2021). 

 
To measure conditional cooperation, we used the same game as Rustagi et al. (2010). In the 

game, subjects were endowed with 6 bills of 1000 KHR1 and were asked to make seven decision 

rounds on how much to contribute to the public good, knowing what the partner contributes. 

Using the hierarchical cluster analysis (Fallucchi et al. 2018), the subjects can be classified into 

five groups: low, medium, and high unconditional cooperators, conditional cooperators, and 

‘other’; see Schuch et al. (2021) for implementation and experimental procedure. Subjects who 

are classified into the ‘other’ behavioral type are those whose contribution scheme does not 

have a clear pattern. Among these behavioral groups, we are interested in the role of conditional 

cooperators, who are the ones who try to match the contribution of partners.  

 
Overall, we conducted the games in 21 villages, spread out across three communes. In total, 

302 participants played the games (on average, 14 people per village), and 282 participated in 

the structured survey interviews. Based on the responses, we calculated per village (i) the 

quality of the irrigation infrastructure, (ii) the contributions to water infrastructure maintenance, 

 
1 Khmer Riel. 4000 KHR is about 1 USD 
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(iii) experienced water scarcity, and (iv) the share of conditional cooperators. We asked 

participants to assess the overall quality of the water infrastructure (e.g. canal system and dam) 

– how well-maintained it is –  in their own village on a five-point Likert scale, where 1 means 

very poor, and 5 is excellent. We then calculated the average score per village. Also, we asked 

them how much money they paid for getting water for irrigating their rice field in their village. 

Regarding water scarcity, we asked how many times the household experienced irrigation water 

scarcity in the past 5 years. We then calculate the average reported number of water scarcity 

events experienced per village.  

 

Stylized facts from field experiments 

Based on the field experiments, Fig. 1 shows that the presence of conditional cooperators is 

positively associated with better institutional performance and less water scarcity. First, villages 

that are composed of more conditional cooperators have better quality of infrastructure (Fig. 

1a). Second, villages that comprise a large number of conditional cooperators, have more people 

reporting to pay for water infrastructure maintenance (Fig. 1b). This suggests that conditional 

cooperation is positively correlated with institutional outcomes.  

 

 

Fig. 1. Conditional cooperation and functioning of institutions across villages in the Kampong Chhnang 

Province, Cambodia. The institutional performance is measured in terms of (a) infrastructure quality (1 

is very poor, and 5 is excellent), (b) number of people paying for water infrastructure, c) frequency of 

water scarcity.  

 

The results from the field experiments further demonstrate that conditional cooperation 

positively affects institution in its role to moderate scarcity (Fig. 1c). The larger the number of 

conditional cooperators in the village, the less water scarcity has been experienced in the 

village. There are two obvious limitations to these empirical findings. First, while conditional 
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cooperation has been measured with an experimental game, the other variables are self-reported 

and therefore not free of bias and error. Second, we can show correlations, but we do not infer 

any causality, especially because, the quality of institutions, the willingness to support those 

institutions, and general cooperativeness all potentially influence each other. Nevertheless, 

some laboratory and field experiments seem to suggest that players’ decisions in the games 

show some degree of consistency with actual decisions in daily resource uses (Janssen and 

Anderies 2011). So while our empirical results may not help to disentangle causal channels 

entirely, they are valuable as they can to inform our modeling work to simulate institutional 

dynamics ‘in silico’.  

 

3.3. The model 

 
We consider a community consisting of N agents jointly extracting water as a common-pool 

resource (CPR), and sharing an irrigation infrastructure as a public good (PG). Water is a 

common-pool resource (CPR) because a unit of water extracted by an agent is not available to 

others and everyone has access to the water. Water availability is conditional on the state of the 

irrigation infrastructure. A well-maintained infrastructure can retain more water than a poorly-

maintained one. Keeping the infrastructure well-maintained, however, requires the collective 

effort of all community members. While it is socially optimal to invest in infrastructure 

maintenance, doing so is individually costly, tempting self-interested individuals to free ride. 

After all, one can still benefit from the well-maintained infrastructure even without 

contributing. Similarly, restraining water extraction is collectively optimal, but requires 

individual sacrifices. Hence, investing in the PG and extracting from the CPR form social 

dilemmas. In our model, self-image concerns is the mechanism to uphold conditional 

cooperation. Each agent faces two types of decision to be made simultaneously: water 

extraction  and investing in infrastructure maintenance. These decisions affect individual utility 

in two ways. First, there are monetary consequences related to benefits and costs of agricultural 

practices and infrastructure investments. Second, cooperation has an effect on self-image, 

where high levels of cooperation gives a positive self-image which translated into a utility gain, 

while the opposite is true for low cooperation. Cooperation levels are always evaluated against 

the average behavior in the community, i.e. conditional on social norms. Note that self-image 

is only one potential interpretation. Our model setup is also consistent with other social 

mechanisms that encourage cooperative behavior, such as peer pressure, or a loss of reputation. 
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Over time, social learning ensures that successful strategies – those that give high utility – are 

imitated, while those that give low utility are abandoned.  

 

3.3.1. Investing in water infrastructure 
 

Agents collectively invest in the infrastructure maintenance. The investment affects water 

availability, which is shared by all agents in the community. Water availability (S) depends on 

collective investment (  and water inflow into the system (Q) and is given by , 

where	  is the infrastructure productivity as a function of the collective investment . We 

define  as a random variable with expected value 	 and standard deviation , i.e. 

~ , . We assume that the infrastructure productivity  is a step function, as it 

requires a minimum level of investment  to be productive and is fully productive when  is 

provided (see Fig. 2). This stepwise function is also used in a similar context for characterizing 

the public good (Yu et al. 2015). Hence, the system productivity can be expressed as a function 

of the collective investment  as 

																		

			

																			

        (1) 

 

Fig. 2. The relationship between collective investment and system productivity. 

 

 
3.3.2. Water extraction 
 
The second decision involves water extraction. We assume that agents use only two inputs land 

 and water  , for the production of a final good ,  which can be sold at price P. Land 

is private and using it incurs a cost . Water is a taken from a common pool and extracting it 

comes at a cost  (e.g. pumping cost). The amount of water going to agent i is determined by 
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the individual effort  relative to the aggregate effort  made by all the agents. The amount of 

water extracted by an agent is thus a fraction of total water availability, i.e. / . 

Finally, individual investment  to the water infrastructure comes at cost , giving the profit 

of agent  at time  by 

,       (2) 

 
For our model, we assume that agents have fixed land endowment which is exogenously given. 

We also assume that the production of the final good is represented by a constant elasticity of 

substitution (CES) function, i.e. / , where  is skill factor and   measures 

the degree of complementarity between land and water inputs. For example, when → , the 

function exhibits perfect substitutes, meaning it is possible to use either input alone to achieve 

the same level of output. When → , the function exhibits some degree of substitution among 

inputs, i.e. it is possible to use more of one input and less of the other to obtain the same level 

of output. When → ∞, the function exhibits perfect complementarity among inputs, i.e. the 

production is possible only if all inputs are used. 

 
3.3.3. Social dynamics 
 
We assume that the self-image associated with certain behavior affects individual’s utility, 

depending on how one’s actual behavior relates to some normative benchmark what one should 

do. It is not entirely obvious which normative benchmark is applied in practice, and it may very 

well be context-dependent (Nyborg 2018). For example, it may be the case that sometimes a 

Kantian principle is applied based on behavior that would be socially optimal if followed by 

all, while in other cases social norms based on observed behavior of others may be used as a 

moral benchmark. We try to reconcile these two different observations. First, we take into 

account that contribution to a public good and restraining from common pool extraction are 

perceived as an act of cooperation. Providing more to the public good (and extracting less water) 

than what the social norm prescribes gives a utility gain. Consequently, providing less to the 

public good and extracting more water, leads to a utility loss. Second, the size of the utility gain 

(or loss) is determined how close behavior is to the social norm, i.e. average behavior in the 

community. This assumption reflects empirical evidence that normative statements about how 

much one should contribute to a public good, tend to depend on what others do (Hauge 2015). 

Self-image is thus a function of contributions to maintenance and water extraction and investing 

efforts. This specification is consistent with the notion of conditional cooperation, as agents are 

more inclined to cooperate if others do so as well. Formally, we follow Brekke et al. (2003) by 
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assuming that self-image is determined by the (squared) deviation from the moral benchmark. 

Thus, self-image  of agent  at time  can be expressed as 

∗ | ̄ | ∗ ̄ ∗ | ̄ | ∗ ̄  (3) 

where  ̅  and    give  the average levels of extraction  and investment efforts that can 

be calculated as  ̅ / ∗ ∑ ∈ 	and  / ∗ ∑ ∈ . The parameters 

 and  can be considered as strength of conditional cooperation or literally as social 

cohesion. The overall utility of agent i is a function of economic profits 		and self-image , 

which are imperfect substitutes. Further, we assume that agents may also derive income and 

self-image from other activities, given by   and  . The utility of agent  exhibits Cobb Douglas 

preferences, which can be written as 

( ) ( ( )) ( ( ))i i iu t t g g t              (4) 

where  represent the preference for income compared to self-image. 
 
Fig. 3 shows a conceptual model on the dynamic interplay between individual decisions, water 

availability, and social dynamics. The decisions of each agent take into consideration the 

economic gain as well as self-image concerns.  

 

Fig. 3. A conceptual model of the key mechanisms. Agents decide how much to invest in water 
infrastructure (the public good) and how much water to extract (the common pool resource). The 
decisions affect water availability, and also profits, self-image and ultimately utility. Social learning 
guides the social dynamics and the emergent level of cooperation.  
 

3.3.4. Strategy updating and social learning 
 
We assume that agents revise their strategy through social learning which is facilitated through 

observation and imitation of other agents. A focal agent interacts with his four immediate 

neighbors, occupying the lattice cells in the form of a von Neumann neighborhood given by a 

 square lattice, where  is the lattice dimension. A fully-occupied lattice thus contains 
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 agents. To account for edge effects, agents that are on one side of the borders of the 

lattice are assumed to be the neighbors of those who are at the opposite side of the border. Each 

agent considers changing his strategy regarding water extraction and investment to maintenance 

at time step  by evaluating realized utility in the previous time step. To update his strategies, 

agent  compares his utility with the utility of his four immediate neighbors. Agent  identifies 

the strategy of the neighbor with the highest utility, and imitates it with a probability , which 

is an increasing function of the utility difference   . We use a logistic function to 

model the imitation  probability as follows 

→ & →       (5) 

where  can be considered as imitation strength which measures how strongly the utility 

difference influences the decision of an agent to switch to a better-off strategy. →  or 

 means agent  tosses the coin to decide if he imitates the strategy of agent . → ∞  

corresponds to high imitation strength, meaning that a successful strategy is always imitated. 

Consequently, a small  depicts low imitation strength, meaning that a successful strategy is 

less likely imitated. When updating the strategy, we also consider stochastic errors (mean of 

zero and standard deviation of 0.01) when imitating extraction and investment levels, resulting 

in a strategy that is a bit lower or higher than the copied strategy. 
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Table 1. Model variables and parameters at default values 
 
Symbols Definition Value 

Variables    

ie  Individual extracting  effort   

im  Individual investment effort   

Parameters   

N  Community size 400 
t  Simulation length 200 

Q  Mean resource inflow 100 

Q  Standard deviation of resource inflow 20 

P Sale price 1 

l  Land size 1 

1c  Unit cost of farming per unit land 0.5 

2c  Unit cost of extraction effort  0.5 

3c  Unit cost of investment effort 0.5 

1 2,   Social pressure in relation to extraction and investment respectively 2 

  Degree of complementarity  0.5 

g  Exogenous reputation 0.5 

  Exogenous profit 0.5 

1  Minimum investment threshold 80 

2  Optimum investment threshold 320 

  Imitation strength 1 

 

3.4. Results 

 
First we explore the temporal evolution of extraction and investment efforts and the general 

dynamics of the system. In the model, the evolution of the state variables is path-dependent, 

giving rise to alternative stable states depending on initial conditions. Thus, we first explore 

under which conditions the good equilibrium of institutional prosperity emerges. Second, we 

turn to the question under which conditions an institutional trap may occur. Third, we analyze 

the model behavior without the conditional cooperation mechanism. Fourth, we analyze  to 

escape the institutional trap and what is needed to reach the ‘good’ equilibrium of institutional 

prosperity. Finally, we investigate the sensitivity of key parameters with regard to flipping 

between the alternative stable states.  
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3.4.1. The good equilibrium: Institutional prosperity 
 

We simulated the model with default parameter values given in Table 1. The distributions of 

the investment and extraction efforts at the initial time step were modelled following a bimodal 

distribution or generally referred to as “Gaussian mixture distribution” to reflect the presence 

of different groups in the community, rather than deviation around one established norm. We 

also simulated our model with a normal distribution and generally found similar results. We are 

interested to see if a society that is largely comprised of cooperative individuals initially may 

remain in such desirable condition over time. In our model, the condition is mimicked by having 

at the initial time step a large fraction of agents (80%) having high investment effort (mean 

investment effort of 0.8 and variance of 0.01), and only a small fraction of them (20%) exerting 

low investment (mean investment effort of 0.2 and variance of 0.01). Likewise, 80% of the 

agents have low extraction effort (mean extraction effort of 0.2 and variance of 0.01) and 20% 

have high extraction effort (mean extraction effort of 0.8 and variance of 0.01). Each model 

was run 50 times to account for stochasticity. The stochastic components of the model are 

mainly due to different investment and extraction efforts at the initial time step, and the strategy 

updating.  

 
Over time the model reaches an equilibrium state in which agents exert relatively high 

investment levels (average of around 0.7) (Fig. 4a), which is slightly lower than the starting 

value around 0.8 for most individuals. Those high investment levels support relatively high 

extraction effort (Fig. 4b) (average around 0.9), which is substantially higher than the extraction 

at initialization (80% had an extraction level around 0.2). Due to stochasticity, the system is out 

of equilibrium for some simulation runs, sometimes over prolonged periods of time (the light 

shading in Fig. 4a & b). Since the aggregate investment effort made by all agents is directly 

related to system productivity (Equation (1)), higher investment effort means higher system 

productivity (Fig. 4c), which also leads to high profits (Fig. 4d).  
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Fig. 4. Temporal evolution of extraction and investment efforts when the public good is initially in a 

good condition—80% of high-contribution agents and 20% of high-extraction agents at . X-axis 

stands for simulation time. Y-axis shows (a) investment level, (b) extraction level, (c) system 

productivity, and (d) profit. Colorbar represents the relative frequency of extraction and investment 

efforts among all agents at each time step over 50 repeated runs.  

 
3.4.2. The bad equilibrium: Institutional trap 
 
In this scenario, we look into a condition in which the society is largely comprised of self-

interested individuals, i.e. those who are not willing to invest to the public goods but continue 

to extract the common-pool resource at a high rate. We are interested to see if the society that 

is initially in such a bad condition, would become more cooperative over time or remain trapped 

in this condition. In the ‘bad equilibrium’, at the initial time step 20% of the agents make high 

investment effort (mean investment effort of 0.8), while 80% of the agents have low investment 

effort (mean investment effort of 0.2). Also, a large number of agents (80%) exert high 

extraction effort (mean extraction effort of 0.8) and 20% low extraction effort (mean extraction 

of 0.2).   

 
Fig. 5 shows that over time the investment effort further erodes and eventually no investments 

will be made (Fig. 5a). As a result, the system gets trapped in a very low-productivity state in 

which resource availability is close to zero (Fig. 5c). Consequently, most agents also lower  

their extracting effort over time (Fig. 5b), simply because it is not economically viable. Overall, 
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profits are much lower than in the ‘good equilibrium’ and only some exogenous profits remain 

(Fig. 5d). 

 

 

Fig. 5. Temporal evolution of extraction and investment efforts when the public good is initially in a 

bad condition—20% high-contribution agents and 80% high-extraction agents at . X-axis stands 

for simulation time. Y-axis stands for (a) investment level, (b) extraction level, (c) system productivity, 

and (d) profit. Colorbar represents the relative frequency of extraction and investment efforts among all 

agents at each time step over 50 repeated runs. 

3.4.3. In the absence of self-image considerations, cooperation collapses 
 
Our model entails a coupled social dilemma in CPR extraction and PG investment, where 

conditional cooperation via self-image considerations mitigates freeriding. Each agent’s utility, 

as determined in Equation (4), is the result of economic and self-image outcomes. To consider 

a case in which conditional cooperation is absent, the coefficients 1 and 2 were set to zero. 

The self-image ig of each agent, as depicted in Equation (3), thus becomes zero, meaning that 

only economic considerations remain in the utility function. 

 
Fig. 6 illustrate the case where self-image concerns are absent.  As expected, in this case 

cooperation collapses. The public good investment becomes largely under-provided (Fig. 6a). 

As a result, system productivity collapse (Fig. 6c). Under this condition any extraction effort 
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exerted by agents is not economically viable, and extraction declines over time (Fig. 6b). Some 

level of exogenous profit, though, remain (Fig. 6d).  

 

 

Fig. 6. Temporal evolution of extraction and investment efforts, and corresponding outcomes when the 

reputational mechanism is absent ( . , . ). All other parameters are kept at default values. 

X-axis stands for simulation time. Y-axis stands for (a) investment level, (b) extraction level, (c) system  

productivity, and (d) profit. Colorbar represents the relative frequency of extraction and investment 

efforts among all agents at each time step over 50 repeated runs.  

 
3.4.5. Social cohesion to escape the institutional trap  
 
We have shown earlier that if the system initially consists largely of low contributing and high 

extracting agents, the system remains trapped in the bad equilibrium (Fig. 5). This condition 

can also be considered as resource scarcity condition, since the public good is largely under-

provided, leading to less resource available in the system. Fig. 7 analyzes the case where the 

strength of conditional cooperation is high, i.e. 1 3   and 2 3  . A high strength of 

conditional cooperation means agents have high tendency to align own extraction and 

investment decisions with what the social norm describes. Further, high strength of conditional 

cooperation implies strong social cohesion (Röttgers 2016). We find that if conditional 

cooperation is stronger,  the institutional trap can be escaped and the investments are high (Fig. 
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7a). As a result, system productivity is high (Fig. 7c), more resources are available, and high 

extraction is supported (Fig. 7b). Consequently, average profits are also high (Fig. 7d).  

 

 

Fig. 7. Temporal evolution of extraction and investment efforts when the public good condition is 

initially bad (80% of low contributing agents and 80% of high-extraction agents at ), but in the 

case where the strength of conditional cooperation is high ( . , . ). All other parameter 

values are kept at default values. X-axis stands for simulation time. Y-axis stands for (a) investment 

level, (b) extraction level, (c) system productivity, and (d) profit. Colorbar represents the relative 

frequency of extraction and investment efforts among all agents at each time step over 50 repeated runs.   

 3.4.6. What triggers alternative stable states? 
 

We run a series of simulations to study effects of key parameters of the model on extraction  

and investment efforts of agents (Fig. 8). First, we consider the role of economic costs As cost 

per unit of land ( ) increases, extraction effort slightly increases and investment goes down. 

There is a tipping point, above investment collapses, and so do productivity and extraction (Fig. 

8a & b). When cost of extraction effort ( ) goes up, agents lower the extraction effort but at 

the same time they also lower the investment effort (Fig. 8e & f). Again, a tipping point can be 

observed at a critical parameter value for . When the cost of investment in infrastructure ( ) 

increases, investment goes down and extraction goes up (Fig. 8i & j). Beyond a critical level of 

 the system collapses. After having analyzed the role of costs, let us now turn to social 
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pressure. Higher social pressure in relation to extraction ( ) – meaning that it is socially costly 

to deviate one’s extraction effort from the social norm – leads to lower extraction, but 

investment remains unchanged (Fig. 8c & d). Higher social pressure in relation to investment 

( ) leads to both higher extraction and investment since more aggregate investment means 

more resource is available to be extracted (Fig. 8g & h). Again, alternative stable states can be 

observed.  Finally, higher resource inflow leads to higher extraction and investment efforts, 

giving rise to alternative stable states (Fig. 8k &l).   

 

 
Fig.8. One-at-a-time sensitivity plot of key model parameters against investment and extraction effort. 

To account for stochasticity, we run the model 50 times repeatedly for each single value of the 

parameters. 

 

3.5. Discussions and Conclusion 

 
We have developed an agent-based model, in which agents have to decide how much effort to 

contribute to a common water infrastructure and how much water to extract. This decision is 

based on economic considerations, as well as reputational concerns, where the own decision is 
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evaluated against the social norm. We find that the system features alternative stable states, 

depending on initial conditions. If the system has a functioning water system initially and a high 

level of cooperation, prosperity can be created, which facilitates further investments in water 

infrastructure, fostering cooperation further. If the system features initial scarcity, cooperation 

is relatively costly, further undermining investments in water infrastructure, potentially leading 

to an institutional trap. If the system is comprised of more conditional cooperators, however, 

the initial scarcity condition can be mitigated. These findings are well in line with the stylized 

facts observed in the field. Our field experiments in Cambodia suggest that conditional 

cooperation is positively correlated with better institutional outcomes, and in addition, can 

mitigate scarcity conditions.  

 
The results from the model establish that without reputational mechanisms – driven by 

conditional cooperation – self-governance will collapse (Fig. 6), and that even if the mechanism 

is in place, cooperation may not evolve and the system may be trapped in a situation of severe 

scarcity (Fig. 5). Stronger social capital can, however, facilitate an escape of the trap and 

facilitate cooperation under such scarcity condition (Fig. 7). In line with the field evidence the 

modeling results confirm that conditional cooperation could be beneficial for institutions to 

prosper by further facilitating cooperation under scarcity. 

 
In the context of coupled social dilemmas arising from contributing to the public good and 

extracting of a common pool resource, previous studies establish that if the public good is 

provided, cooperative resource extracting can be achieved (Botelho et al. 2015; Solstad and 

Brekke 2011). An open question is why the public good is provided by some agents in the first 

place. We offer an explanation by formalizing the notion of conditional cooperation. Inspired 

by the work of Rustagi et al. (2010), who show that communities consisting of more conditional 

cooperators are more successful in governing the forest commons, we explore this for the case 

of local water governance in Cambodia, using lab-in-the-field experiments. Our model results 

support the idea that conditional cooperation can mitigate initial scarcity and further facilitate 

the contribution to the public good and hence overall cooperation. Further, we show in our 

model that if the community is largely comprised of low contributing agents, the system 

remains trapped in the regime of low contribution to the public good and thus remains trapped 

with poor water infrastructure. This is especially the case if agents are heterogenous in 

contribution and extraction levels. Our modelling results are in line with experimental evidence, 

suggesting that the community that is comprised of more conditional cooperators is more 
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successful in irrigation water governance, and one of the reason for this is the scarcity-

moderating effect of conditional cooperators.  

 
Our study has two implications for researchers and practitioners. First, when evaluating the 

impacts of drivers that may bring about scarcity (e.g. climate change) it is important to consider 

that the institutional system may respond to scarcity, potentially aggravating or moderating 

scarcity. We have shown here that social capital in general, and conditional cooperation in 

particular are important mechanisms to be considered. Second, our study cautions against 

considering coupled social dilemmas, such as common pool resources and public goods 

problems in isolation, as the unfolding dynamics may be very different and could have 

significant implications for the long-term sustainability of social-ecological systems.  
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Chapter 4—Multi-level water self-governance—cooperation 

within and between communities in Cambodia 

 

Tum Nhim 

 

Abstract 

 
Managing shared resources remains a challenge, and highly relevant in the context of common 

pool resources (CPR) or public goods (PG). Restraining CPR extraction or investing to a PG is 

collectively beneficial, , but costly for individuals, giving rise to social dilemmas that may lead 

to inefficient use or depletion of the resource. This study employs a stylized evolutionary agent-

based model to analyse under what conditions cooperation emerges and spreads between and 

within two communities that share water as a CPR and infrastructure as a PG. The upstream 

community gets the first claim of water, while the downstream gets what remains. The 

upstream, however, depends on investment in water infrastructure from the downstream for the 

provision of the CPR. Agents decide on their extraction and investment levels over time, 

starting from heterogeneous and random strategies. While extracting more water or investing 

less in infrastructure makes an agent economically better off, doing so erodes his self-image 

which can potentially inflict loss on his economic performance. Agents thus make decisions 

balancing doing well economically and doing good morally by learning from their best 

performing neighbours and from random encounters with members from the other community. 

The results show that the reputation mechanism is salient to maintain cooperation. Further, the 

model results show that increased cooperation in the upstream community leads to more 

cooperation in the downstream community as well as higher welfare overall, but only if there 

are  social interactions between communities. Overall, this study highlights the tension to 

cooperate within and between communities of resource users, providing theoretical 

understanding for sustainable governance of common pool resources and public goods at 

multiple scales.  

 

Key words: Multi-level cooperation, coupled social dilemmas, common-pool resources, public 

goods, agent-based modelling 
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4.1. Introduction 

 
Environmental degradation, overexploitation of natural resources, and greenhouse gas 

emissions  are major concerns for human society (Rockström et al. 2009; Dietz et al. 2003). 

None of these problems are private, and have two characteristics in common: they involve 

multiple individuals and groups, and collective action at multiple scales is needed to solve these 

problems (Pahl-Wostl 2009; Walker et al. 2009). The failure of collective action is evident at 

various scales. At the global scale, one of the most challenging issues for humanity is climate 

change. While individuals and nations are collectively better off if all cooperate by reducing 

greenhouse gas emissions, each is tempted to defect and freeride on effort of others since 

everyone can still benefit from the reduction of greenhouse gas emissions, even if they do not 

contribute any effort. This is a public good (PG) dilemma. At a regional scale, transboundary 

water sharing is another example illustrating the challenge for collective action.  Globally, 

human’s water withdrawal in the upstream of a river basin can potentially exacerbate water 

scarcity in the downstream area (Veldkamp et al. 2017). This problem entails a suboptimal or 

inefficient use of water among upstream and downstream users, due to a lack of coordination 

and cooperation, and is a consequence of a social dilemma situation in which upstream users 

overuse water for personal gains since the benefit of doing so is private, while the costs are 

shared by all upstream and downstream users. This is a common pool resource dilemma. In 

many real-world situations PG and CPR problems are strongly coupled and manifest at multiple 

scales (Gardner et al. 1990; Ostrom 2010; 2009). An example is famers collectively investing 

in infrastructure maintenance (PG) so that enough amount of water (CPR) can be maintained 

in an irrigation system and shared by upstream and downstream communities.  

 
Whether cooperation can be maintained when resource users in a single community face both 

CPR and PG dilemmas has been analysed in (Nhim and Richter 2021). A few other studies 

analyse coupled social dilemmas arising from both CPR harvesting and investing to a PG 

(Botelho et al. 2015; Solstad and Brekke 2011). They have shown that cooperation can be 

preserved when the PG is present, provided that a certain number of agents contribute to the 

public good. The presence of a PG may create economic interdependencies where cooperation 

in CPR harvesting is conditional upon cooperation in PG provisioning. For instance, failing to 

collect enough fee for infrastructure maintenance (cooperation in PG) may result in critical 

water shortage which then undermines cooperation in water harvesting (cooperation in CPR).  
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A wealth of studies have shown that cooperation in CPR or PG can be sustained under informal 

arrangement mechanisms, especially costly peer enforcement (Sethi and Somanathan 1996) or 

intrinsic social disapproval (Tavoni et al. 2012). While these mechanisms are shown to be 

effective in a small community where frequency of encounters among members is high, whether 

it works in a large community or between communities remains unclear. Typically, in a large 

community encounters among members are rare and thus peer enforcement or social 

disapproval might be ineffective or very costly. When it comes to facilitating cooperation 

among different communities or in a large group, informal mechanism such as indirect 

reciprocity based on reputation is shown to be working well under certain conditions (Nowak 

2006). Basically, the idea is that direct encounters among agents are not necessary and that an 

agent acting cooperatively is tagged as having good image which then is more likely to be 

rewarded later on by others (Nowak and Sigmund 1998).  However, how this simple mechanism 

works in practice is not obvious, for example, how the image is evaluated and assigned to a 

specific individual. Also, memory of agents regarding the behaviour of others might be lost 

over time. Another mechanism considered is the reputation driven by moral motivation or a 

desire to fit in a social group (Brekke et al. 2003).  In this mechanism, an agent feels morally 

obliged to always keep an eye on his own decision, trying to align his behaviour with the 

behaviour that is considered socially morally acceptable, for example average behaviour in the 

group.  

 
Whereas enforcement mechanisms such as peer punishment (Sethi and Somanathan 1996), 

reputation based on image scoring (Nowak and Sigmund 1998), and reputation driven by moral 

motivation (Brekke et al. 2003) may help sustain cooperation in small or large communities 

under certain conditions, we know surprisingly little about other mechanisms for intergroup 

cooperation (Robinson and Barker 2017). The nature of interactions between groups can 

potentially affect cooperation. Further, when the dynamics of group interactions are studied, 

they are typically analysed in a public goods environment (Perc et al. 2013; Wang et al. 2013).  

How cooperation emerges and spread across communities who face a combined social 

dilemmas of common-pool resource extraction and public goods investment, however, remain 

less understood, and is the focus of this paper.  
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4.2. Objectives and Contributions 

 
The objective of this research is to understand how cooperation evolves and spreads between 

individuals and communities when the interaction between a common pool resource and a 

public good is present. In particular, I aim to understand (i) whether cooperation in one 

community lead to more or less cooperation in the other; and (ii) how interactions between 

communities affect cooperation in both communities. For the first objective, I will analyze if 

higher social capital in one community that entails higher cooperation would lead to less or 

more cooperation in the other. For the second objective, I will analyze if the presence of social 

interactions between communities, even if random, leads to less or more cooperation in both 

communities and how it affects the welfare of both communities, as compared to when the 

social interaction between communities are absent.  

 
This work has three major contributions to the literature. Firstly, the model contributes to the 

literature on cooperation in social dilemma situations by considering a public good game with 

thresholds, where agents can have a continuous strategy space of decision, instead of a binary 

one. To date, most theoretical and experimental work address the problem of linear public good 

games in which agents have a binary decision of contributing all or nothing. Second, I consider 

the case of multi-level cooperation, where cooperation may take place within and between 

communities. In particular, I consider asymmetric incentives arising from the fact that the 

upstream community has a first-mover advantage over the downstream, by having the first 

claim of resource. Thirdly, the model features spatial effects in two interdependent networks, 

each of which representing a community interacting with one another through a collective effort 

for the production of a CPR. Instead of having an unstructured population where random pairs 

of agents interact, I consider a structured population where the interactions of agents depend on 

their position in the own network as well as in relation to the other interdependent network. 

Thus, agent’s decisions on extraction and investment efforts are influenced by how they view 

the behavior of members in their own networks as well as the behavior of members in the 

different network.  
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4.3. The model 

 
4.3.1. Conceptual model 
 
Suppose that N farmers are spread across two communities and share water infrastructure from 

which water is withdrawn for irrigation. Community 1 is located upstream and has  farmers, 

whereas community 2 is located downstream and has  farmers such that . The 

upstream farmers have the first claim of water, and the downstream farmers get what remains. 

The infrastructure needs to be jointly maintained on a regular basis so that it can retain enough 

water for both communities. The upstream farmers, thus, have to depend on the downstream 

farmers to help maintain the shared infrastructure. Upstream and downstream farmers thus 

compete for water, but have a collective interest in maintaining the shared infrastructure. The 

stylized system under study is shown in Fig. 1. 

 

Fig. 1. Stylized system representation depicting the interactions between two communities who jointly 

harvest water as a common-pool resource and invest to the shared infrastructure as a public good. 

Community 1 gets the first claim of water, but depends on community 2 for a joint effort to maintain 

the infrastructure.  

4.3.2. A combined common-pool resource and public goods model 
 
The model features two types of decisions to be made by each farmer agent simultaneously, 

namely the water extraction and investment decisions. The investment decision is related to the 

shared water infrastructure. The infrastructure is a public good because the benefit of using it 

is non-excludable and using the infrastructure does not limit availability of usage by others. 

Investing to the infrastructure maintenance is costly for individuals, but the benefit of a well-
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maintained infrastructure can be enjoyed by everyone even if one does not contribute anything, 

giving rise to the so-called “public goods dilemma”.  

 
In real-world situations, agents can invest to the infrastructure maintenance by means of cash 

or labour. Denote 	 as the individual investment effort with a fixed cost of , the collective 

investment made by all agents is thus given by ∑ . The individual investment effort 

ranges from 0 to 1, where 1 is full effort. The outcome of the investment is a collective good, 

i.e. water which is shared by all farmers in both communities. The relationship between 

collective investment contributed by all agents in both communities and the water availability 

( ) is given by  , where  denotes water inflow into the system and  is the 

infrastructure productivity which is a function of the collective investment . I define  as a 

random variable with expected value  and standard deviation , i.e. ~ , . The 

system productivity  embodies the incentive structure of the public good model with 

thresholds  and . The minimum investment threshold ( ) depicts that a certain proportion 

of collective investment is needed for the maintenance of the infrastructure for it to produce the 

water, which is very common in the context of a small-scale irrigation system (Yu et al. 2015). 

Also, the maximum investment threshold ( ) entails that over-investing is inefficient and thus 

unnecessary. I have parameterised the model in such way that full contribution by one 

community is not enough to produce the maximum yield, and thus requires a joint effort from 

another community. The system productivity, as depicted in Fig. 2, can be expressed as a 

function of the collective investment  as 

1

1 2 1 1 2

2

0                                    if   0 ( )   

( ( ) ) / ( )   if   ( )

1                                     if   ( )

M t

M t M t

M t


    



 
    
 

.      (1) 

 

Fig. 2. Relationship between system productivity and collective investment. 
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The second decision involves water harvesting. Water is a collective good and is referred to as 

a common-pool resource because the use of water by an agent reduces availability to others and 

it is costly, if not impossible, to exclude others from using it. I assume that farmers use only 

two inputs, land 	 and water  for the production of a final good , . The land is a 

privately owned input and is assumed to have no market, but using land has a cost 	. In the 

model, I consider the case of homogeneous land endowment, in which each agent has a land 

size of 1 unit. Water is a shared input and can be taken for free; however, the extraction effort 

for taking water from the common pool is associated with a cost (e.g. pumping cost or labor 

cost). Assume that each agent extracts water by exerting individual extraction effort , with a 

fixed cost of . The amount of water extracted by an agent in a particular community is 

proportional to the individual extraction effort, and is a fraction of the total water availability 

in that particular community. The individual extraction effort ranges from 0 to 1, where 1 is full 

extraction effort. Due to the location advantage, agents in the upstream community get the first 

claim of water. The individual water extraction for the upstream community is thus given by 

( / )up up
i iw e E S , where E  is a parameter scaling the maximum capacity of all agents to extract 

all water, such that  . This setting means that if the upstream community 

exerts the total extraction effort up to the maximum capacity, then all water available is used 

up by them, and nothing is left for the downstream. The value of E  is set at 400, implying that 

the if the upstream community make a full extraction effort ( ), then all water is used 

up and nothing is left for the downstream. However, if the each agent in the upstream 

community makes a moderate extraction effort, e.g. .  , then the aggregate extraction 

effort in the upstream is 200, meaning that collectively the upstream community takes only haft 

of the amount of water availability, leaving another half for the downstream. Obviously, if more 

water is left available for the downstream community, they are better off and also  more capable 

to invest in water infrastructure. This setting thus gives rise to coupled social dilemmas between 

the two communities in terms of water extraction as well as investment to the infrastructure. 

 
For the downstream community, the individual water extraction is given by 

/ , where  is the aggregate water extraction in upstream 

community, and . The term  stands for the total amount of water left 

after extraction by the upstream community, while  is the aggregate effort of the 

downstream— relative to the maximum capacity of all agents—that leads to water left for the 

downstream to be all extracted. If the upstream community collectively takes all water such that  
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 or , then individual water extraction in the downstream ( ) becomes 

zero. Further, if the upstream community takes too much water such that the extractive capacity 

of the downstream ( ) is greater than the aggregate effort that lead to the remained water 

to be all extracted ( ), the individual extraction effort of the downstream agent is scaled 

down proportionally with a factor / , such that the downstream agent who 

exerts high extraction effort gets high amount of water. Likewise, if the total amount of water 

left in the downstream is low, individually and collectively the downstream agents exert low 

extraction effort proportional to their extractive capacity. For a sales price  of the final good, 

the profit of agent  at time  is given by 

,       (2) 

 
Assume that the production of the final good is represented by a Constant Elasticity of 

Substitution (CES) function, i.e. / 	, where  is skill or productive factor and 

 measures the degree of complementarity between land and water inputs. This function 

covers the whole continuum of alternative combinations of inputs from perfect 

complementarity to perfect substitution. For example, when → , the function exhibits perfect 

substitution, meaning it is possible to use either input alone to achieve the same level of output. 

When → , the function exhibits some degree of substitution between inputs, i.e. it is possible 

to use more of one input and less of the other to obtain the same level of output. When →

∞, the function exhibits perfect complementarity between inputs, i.e. the production is 

possible only if all inputs are used. For the model, I assume that agents have a fixed land 

endowment which is exogenously given. I also assume that there is some degree of 

complementarity between land and water inputs, i.e. . Finally, the profit of agent  at 

time  can be expressed as 

/       (3) 

 
4.3.3. Social dynamics 
 
Reputation dynamics 
 
Reputation is a key mechanism for cooperation among unrelated individuals, though it involves 

some uncertainties, e.g. regarding accessing to information about reputation of other agents 

(Nowak and Sigmund 1998). In some cases, agents are assumed to have full information about 

reputation of all other agents. In other cases, agents have only partial information about 

reputation, e.g. the reputation of immediate neighbours.  
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In the model, self-image or reputation is associated with cooperative acts. Cooperating 

increases one’s self-image, while defecting decreases it. Because cooperative acts are 

determined by both investment and extraction levels, the self-image is thus a function of 

investment and extraction levels. This conceptualization thus resembles the notion of 

conditional cooperation, as agents are more inclined to cooperate if others do so as well. Using 

more water generates higher income, but taking too much water compared to the social norm is 

morally bad and can result in losing reputation. Under-harvesting of water signals good 

behaviour and thus get rewarded if one does so. In a similar vein, investing to infrastructure 

maintenance is costly, but investing too little or nothing compared to the social norm is 

considered morally bad. Over-investing, however, is encouraged. If one does so, one will get 

rewarded. The self-image of agent  at time  in each community can be expressed as follows. 

1 2( ) ( ( )) ( ) ( ( ) ) ( )i i i i ig t e e t e e t m t m m t m            (4) 

where ̅ / ∑  and / ∑   represents the average water extraction and 

investment efforts respectively in community 1, which is considered the social norm in the that 

community. 1N is the total number of agents in that particular community. The parameters  

and  can be considered as social cohesion coefficients in relation to extraction and investment 

respectively; the higher they are, the greater utility loss inflicted for taking too much water or 

investing too little to infrastructure maintenance, as compared to the social norm. For simplicity, 

I assume that the social cohesion in relation to extraction is the same as the social cohesion in 

relation to investment. For some simulations which aim to study different social structures in 

the two communities, I allow these coefficients to be different between the upstream and 

downstream communities.  

 
In this formulation, over-extracting or under-investing relative to the social norm results in 

reputation loss. Also, under-extracting or over-investing results in gains of reputation. Overall, 

this function depicts that cooperation increases self-image, while defection decreases it. In 

addition, aligning one’s behaviour with the social norm has no effects on utility. The self-image 

score ranges from -1 to 1, where -1 is realized when the agent’s behavior is in the extreme 

negative side relative to the social norm, and 1 is when the agent behavior in the extreme 

positive side relative to the social norm. The image score is equal to zero when the agent fully 

aligns with the social norm.  
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The performance of agent  is represented by his utility , which reflects how well agent  

is doing economically and how good agent  is doing morally. Suppose that   and  ̅ are 

exogenous profit and reputation respectively. I assume that the utility of agent  exhibits  Cobb 

Douglas preferences, which can be written as 

( ) ( ( )) ( ( ))i i iu t t g g t              (5) 

where  represents the preference for profits.  

 
Strategy updating and social learning 
 
Social learning is a factor that facilitates cooperation to spread within communities through a 

reputation mechanism. Here, I assume that the social interactions within the community enable 

an agent to learn about water extraction levels of his neighbours taking place in two separated 

 square lattices where  is the lattice dimension. Each lattice represents social interactions 

in the upstream and the downstream community. Suppose that each agent occupies a cell of the 

square lattice, so that two fully-occupied lattices contain  agents. Assume that agent i  does 

not have perfect information about his decision made and considers changing his strategy 

regarding water extraction and investment to maintenance at time  by learning from what 

his immediate neighbours do at time . To do so, agent i  compares his utility with the utility of 

his four immediate neighbours, without considering the behavior of members in the other 

community—implying that no interactions between communities take place. In the context of 

resource management, social interactions among agents take place inside and outside own 

communities.  

 
In some simulations, I also consider the case where a focal agent interacts with his four 

immediate neighbours as well as with one random partner from another community. I assume 

that the interactions among agents from the same community occur more frequently than those 

with members from the different community. Agent i  copies the strategy that yields the highest 

utility, say from agent  with a probability . The probability  is an increasing function of the 

utility difference . I  use a logistic function to model the adaptation probability as follows 

1
{( ) & ( )}

1 exp[ ( )]i j i j
j i

P e e m m
u u

  
  

,      (6) 

where  can be considered as imitation strength which measures how strongly the utility 

difference influences the decision of an agent to switch to a better-off strategy. →  or 

 means agent  tosses the coin to decide if he imitates the strategy of agent . → ∞ 
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corresponds to high imitation strength, meaning that a successful strategy is always imitated. 

Small  depicts low imitation strength, meaning that a successful strategy is imitated with a low 

probability. For the simulations that consider social interactions between communities, I 

assume that the imitation strength within a community ( ) —the likelihood of an agent 

updating the strategies following his best-performing immediate neighbour—is higher than the 

imitation strength between communities ( )—the likelihood of an agent updating the 

strategies following his random partner of a different community.  

 

Model variables and parameter values and definition 
 

Table 1: Model variables and parameter at default values 

Parameters Definition Value 

N  Total number of households 800 

1N  Total number of households in upstream commune 400 

2N  Total number of households in downstream village 400 

T  Simulation length 100 

Q  Mean inflow 200 

Q  Standard deviation of inflow 20 

(0)ie  Individual water extraction effort at 0t    2(0.5,0.1 )N  

(0)im  Individual investment effort at t=0 2(0.5,0.1 )N  

E  Maximum capacity of all agents to extract all water 400 

l  Individual land endowment 1 

1  Minimum investment threshold 300 

2  Maximum investment threshold 600 

p  Sales price 1 

1c  Unit cost of farming per unit land 0.5 

2c  Unit cost of investment effort  0.5 

3c  Unit cost of water extraction effort 0.5 

1  Social cohesion coefficient in relation extraction 0.5 

 Social cohesion coefficient in relation investment 0.5 

1  Imitation strength within community 10 

2
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2  Imitation strength between community 5 

  Degree of complementarity between land and water 0.6 

  Exogenous profit 0.1 

g  Exogenous reputation 0.1 

  Profit preference 0.7 

 

4.4. Results  

 
4.4.1. Evolution of cooperation without encounters between communities 
 
Fig. 3 shows the evolution of cooperation in which social interactions between communities 

are absent. Agents are thus learning and updating strategies following the best performing 

neighbours in their own community. The model is run 50 times repeatedly to account for 

stochasticity, starting from a random configuration of extraction and investment efforts, 

normally distributed with means of 0.5 and standard deviations of 0.1, and with default 

parameter values. Overall, the model reaches only one equilibrium for investment, i.e. low 

investment efforts in both communities (fig. 3b & 3d). While the extraction effort is high 

(between 0.6 and 0.7) in the upstream community (Fig. 3a), the extraction effort is low (between 

0.3 and 0.4) in the downstream (Fig. 3c). This reflects the upstream community having the first 

claim of water and the downstream getting what remains. Despite significantly higher 

extraction effort (Fig. 3e) and slightly higher investment effort (Fig. 3f) in the upstream 

community, this does not translate directly into relatively higher aggregate profit, as compared 

to that of the downstream (Fig. 3i & 3j). This is because not enough aggregated investment is 

collected from both communities, resulting in low water availability, making resource 

extraction more costly and thus less profitable for agents who exert high extraction effort. This 

result highlights a social dilemma situation between upstream and downstream communities, 

in which individual self-interested behavior of the upstream taking more resource is 

economically better off initially, but over time leads to an undesirable state for all. 
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Fig. 3. Temporal evolution of extraction and investment effort at default parameter values and under the 

condition where social interactions between communities are absent. The top panel represents upstream 

effort, while the bottom panel represents the downstream effort. X-axis stands for simulation time. Y-

axis represents frequency distribution of extraction and investment efforts among agents at each time 

step over 50 repeated runs (a-d), and aggregate values averaged over 50 repeated runs (e-j). Colorbar 

represents the proportion. The simulation started with random extraction and investment effort between 

0 and 1. Agents copy the extraction and investment effort of the best performing neighbour in their own 

community.  

 
4.4.2. Social interactions between communities promote cooperation 
 
In the context of resource management, social interactions among agents take place inside and 

outside of own communities. Here, I assume that a focal agent interacts with his four immediate 

neighbours as well as with one random partner from another community. Fig. 4 depicts the 

evolution of cooperation in which social interactions between communities are considered. 

Overall, the interactions of agents between communities promote cooperation in both 

communities, mainly through lowering the extraction effort in the two communities. While the 

aggregate investment effort in both communities (Fig. 4b & 4d) remains similar as compared 

to the case in which the interactions between communities are absent (Fig. 3), the extraction 

effort is much lower. In the upstream community, the population is almost equally spread into 

two groups: one with high extraction effort and another with very low extraction effort (Fig. 

4a). In the downstream, the low extracting population dominates (Fig 4c). Lower aggregate 

extraction effort in both communities (Fig. 4e & 4g) results in higher aggregate profits (Fig. 4i 

& 4j) since it is collectively more profitable to extract less if the amount of water availability is 

low due to low aggregate investment effort (Fig. 4f & 4h). This result highlights the effects of 
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social learning in promoting overall welfare through interactions between communities, even 

if the interactions are less frequent and random. 

 

 

Fig. 4.Temporal evolution of extraction and investment effort at default parameter values and under the 

condition where random social interactions between communities take place. The top panel represents 

upstream effort, while the bottom represents the downstream effort. X-axis stands for simulation time. 

Y-axis represents frequency distribution of extraction and investment efforts among agents at each time 

step over 50 repeated runs (a-d), and aggregate values averaged over 50 repeated runs (e-j). Colorbar 

represents the proportion. The simulation started with random extraction and investment effort between 

0 and 1. The focal agent compares his performance with that of his immediate neighbours and with  a 

random partner of the other community, and copies the extraction and investment efforts of the best 

performing partner. 

 
Fig. 5 gives details of the model behavior at equilibrium between the case in which social 

interactions between the two communities are absent (grey) and the case in which random 

interactions between the communities are considered (black). Obviously, I observe a much 

improved cooperation in both communities, particularly through much lower extraction effort, 

when the social interactions between communities are present (Fig. 5a & 5b). The overall 

enhancement of cooperation in both communities due to the presence of inter-community 

interactions results in higher aggregate payoff (Fig. 5c & 5d) and utility (Fig. 5e & 5f) in both 

communities, as compared to the case where the interactions are not considered.  
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Fig. 5. Agents’ profile characterised by extraction and investment efforts at equilibrium state (a-b), and 

associated aggregate payoff (c-d) as well as aggregate utility for the cases in which (i) there is no social 

interaction between communities (grey), and (ii) a focal agent has interaction with one random partner 

from a different community (black). The top panel represents upstream effort, while the bottom 

represents the downstream effort. The model is run until reaching the equilibrium state for 50 repeated 

runs to account for stochasticity.  

 
4.4.3. High social cohesion upstream leads to more cooperation downstream 
 
Social cohesion binds the community members together and allows them to act cohesively 

towards a joint purpose. High social cohesion means the connectedness or relationship among 

members is strong, which implies that the behavior of community members are more easily 

observable. In the context of this model, this implies that deviating from the social norms in a 

highly cohesive community will lead to greater loss of reputation. Practically, I set the values 

of the model parameters for social cohesion to 2, instead of 0.5 as in the default condition.  

 
Fig. 6 shows that higher social cohesion in the upstream community leads to much improved 

cooperation in both communities.  In particular, higher social cohesion in the upstream induces 

higher aggregate investment in both communities, resulting in more water availability. Agents 

in both communities thus exert higher extraction efforts, and generate more profit for extra 

efforts. It’s worth to note that under this condition the downstream community is generally 

doing economically better. While the aggregate extraction efforts in both communities are 

similar, the investment effort is higher in the upstream, making the upstream less profitable for 

their higher investment. 
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While high social cohesion in the upstream leads to much improved cooperation overall, this is 

not the case when the social cohesion is high in the downstream (Fig. 7). Higher social cohesion 

in the downstream only slightly increases investment efforts in both the downstream and 

upstream communities, which is not enough to produce significantly more water for agents in 

both communities to extract. The marginal increases in investment as well as water availability 

lead to slightly higher aggregate profits in both communities.  

 

 

Fig. 6. Effects of social cohesion upstream on investment and extraction efforts. The social cohesion 

coefficient in the upstream is set higher ( ; ), while other variables are kept at default 

values. The top panel represents upstream effort, while the bottom represents the downstream effort. X-

axis stands for simulation time. Y-axis represents frequency distribution of extraction and investment 

efforts among agents at each time step over 50 repeated runs (a-d), and aggregate values averaged over 

50 repeated runs (e-j). Colorbar represents the proportion of agents relative to the size of the community.  
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Fig. 7. Effects of social cohesion downstream on investment and extraction efforts. The social cohesion 

coefficient in the downstream is set higher (( ; )), while other variables are kept at 

default values. The top panel represents upstream effort, while the bottom represents the downstream 

effort. X-axis stands for simulation time. Y-axis represents frequency distribution of extraction and 

investment efforts among agents at each time step over 50 repeated runs (a-d), and aggregate values 

averaged over 50 repeated runs (e-j). Colorbar represents the proportion of agents relative to the size of 

the community.  

 
4.4.4. Effects of key parameters on extraction and investment efforts 
 

I run a series of simulations to study the effects of key parameters of the model on extraction  

and investment efforts of agents (Fig.8). First, higher social cohesion in relation to extraction 

upstream—meaning that it is socially costly to deviate one’s extraction effort from the social 

norm— slightly lowers extraction effort in the upstream and more investments in both 

communities (Fig. 8a-d). However, when this coefficient is higher in downstream, it does not 

impact extraction and investments effort in the upstream (Fig. 8i-l). Notably, this only leads to 

slightly lower extraction effort and slightly higher investment effort in the downstream, 

suggesting that reputation dynamics in the downstream does not induce cooperation in the 

upstream.  On the other hand, varying degree of social cohesion in relation to investment seems 

to be much more responsive (Fig. 8e-h). When the social cohesion coefficient in relation to 

investment upstream is higher, the investment effort upstream is also higher, while the 

investment effort downstream remains the same. However, this is true only when the coefficient 

is not too high. At the same time, extraction efforts in both communities are higher since there 

is more water availability due to higher investment. Similarly, higher social cohesion in relation 

to investment downstream leads to more investment downstream, but there is no change in 

investment effort in the upstream (Fig. 8m-p). However, the increased investment in the 
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downstream is associated with higher extraction effort in both communities, since more water 

is available for extraction. Overall, the results suggest that the reputation dynamics in the 

upstream could have more impact on cooperation than that in the downstream could have, 

especially when the social cohesion is not too high. 

 

 

Fig. 8.One-at-a-time sensitivity plot of key model parameters against extraction and investment efforts 

at equilibrium. To account for stochasticity, I run the model 20 times repeatedly for each single value 

of the parameter. X-axis represent parameter space. Y-axis represents frequency distribution of 

extraction and investment efforts at equilibrium state.  

 

4.5. Discussions and conclusion 

 
I have developed an evolutionary agent-based model to analyse under what conditions 

cooperation emerges and spreads across two communities who share water as a common-pool 

resource and infrastructure as a public good. Agents make decisions on levels of extraction and 

investment efforts over time, learning from their immediate neighbours as well as from one 

random partner from a different community when the social interactions between communities 

are considered. The simulations start from random configuration of investment and extraction 

efforts whose values are heterogeneous. While taking more resource or investing less to its 

production as compared to the social norm makes an agent economically better off in the short-
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term, doing so erodes his self-image which can potentially inflict loss on his economic 

performance in the long-term.  

 
The model results show that increased cooperation in the upstream community leads to more 

cooperation in the downstream community, but the opposite is not true—increased cooperation 

in the downstream has minimal impact on cooperation in the upstream. This is not the case, 

however, if the social interactions between communities are not considered (See Fig. S2-3, 

supplementary material), and reputation mechanism is absent (Fig. S1, supplementary 

material). This result is mainly driven by the asymmetric incentive between the two 

communities, in which the level of cooperation in the downstream as well as the overall 

cooperation are conditional upon behavior as well as the social cohesion of the upstream. The 

model results also show that social capital, in the form of social interactions between the two 

communities even if it occurs randomly, can moderate the effect of the asymmetric incentive 

that allows the upstream to dictate the behavior as well as the performance of the system. This 

is especially the case when the social capital, in the form of social cohesion, in the upstream 

community is strong enough. Finally, the model suggests that fostering social capital between 

communities could be key to overcoming coupled social dilemmas among two communities 

jointly harvesting the common-pool resources and at the same time contributing towards the 

production of the resource. While the model is theoretically based, which naturally limits 

potential for predictions about real-world cases, its structure and setting captures very well a 

typical case of self-governance of the local water resource in two communities which share a 

small-scale irrigation system.  
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Supplementary materials 

 
Without reputation effects, cooperation in both communities collapses 
 

 

Fig.S1. Effects of reputation on investment and extraction efforts. The social cohesion coefficients—

higher coefficients implying higher reputation effect—is set critically low ( . ), while other 

variables are kept at default values. The top panel represents upstream effort, while the bottom represents 

the downstream effort. X-axis stands for simulation time. Y-axis represents frequency distribution of 

extraction and investment efforts among agents at each time step over 50 repeated runs (a-d), and 

aggregate values averaged over 50 repeated runs (e-j). Colorbar represents the proportion of agents 

relative to the size of the community.  

Without social interactions between communities, higher cooperation in the 

upstream does not lead to more cooperation in the downstream, and vice versa  

 

Fig.S2. Effects of social cohesion upstream on investment and extraction efforts when social interactions 

between communities are absent. The social cohesion coefficients in the upstream is set high (
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; ), while other variables are kept at default values. The top panel represents upstream effort, 

while the bottom represents the downstream effort. X-axis stands for simulation time. Y-axis represents 

frequency distribution of extraction and investment efforts among agents at each time step over 50 

repeated runs (a-d), and aggregate values averaged over 50 repeated runs (e-j). Colorbar represents the 

proportion of agents relative to the size of the community.  

 

Fig.S3. Effects of social cohesion downstream on investment and extraction efforts when social 

interactions between communities are absent. The social cohesion coefficients in the downstream is set 

high ( ; ), while other variables are kept at default values. The top panel represents 

upstream effort, while the bottom represents the downstream effort. X-axis stands for simulation time. 

Y-axis represents frequency distribution of extraction and investment efforts among agents at each time 

step over 50 repeated runs (a-d), and aggregate values averaged over 50 repeated runs (e-j). Colorbar 

represents the proportion of agents relative to the size of the community.  
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Abstract  

 
Contributions to public goods are vulnerable to free riding. A potential solution is the 

implementation of a costly institutional arrangement that deters free riding behavior. In this 

paper, we analyze to what extent users are willing to bear those costs and vote in favor of costly 

institutions. We carried out lab-in-the-field experiments Cambodian farmers and fishers in the 

Kampong Chhnang province. The subjects played public goods games, with an option to vote 

for a costly institution with a minimum contribution level. In a second experiment, subjects 

voted between a costless weak enforcement mechanism and a costly strict enforcement 

mechanism. We found broad support for both costly institutions, and even more so if players 

had been exposed to resource scarcity in the past. Also, we find that many users support the 

costly institutions even when the implementation costs outweigh the benefits and the 

institutions are not necessarily welfare enhancing. 

 

Key words: Costly institutions, public goods game, scarcity, field experiment, Cambodia 
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5.1. Introduction 

 
Resource governance depends largely on cooperation among resource users to organize 

collective activities (Janssen et al., 2015; Ostrom, 1990; Schill et al., 2016). In many situations, 

cooperation involves provision of local public goods. For example, farmers have to jointly 

contribute effort to maintain a shared irrigation system, which is a public good (Ostrom & 

Gardner, 1993). The provision of public goods, however, is difficult to achieve because doing 

so is costly for individuals, but its benefits can be enjoyed by everyone, even if one does not 

contribute anything. This situation creates tension between individual and collective interests—

the so-called social dilemma, which is a central issue in the management of local and global 

natural resources (Ostrom et al., 1999). Overcoming social dilemmas can be challenging, 

especially in the wake of climate change (Bisaro & Hinkel, 2016). Climate change may alter 

biophysical conditions of the resource and thus affect the incentive structure of resource 

appropriation, potentially eroding cooperative arrangements (Nhim et al., 2019; Schlüter et al., 

2016). The institutional setting plays an important role in mediating individual and group 

interests to mitigate risks and impacts of climate change (Agrawal, 2008). A key requirement 

for successful resource governance—be it formal or informal—is compliance with rules, 

regulations or norms (Bastakoti & Shivakoti, 2012; Shreedhar et al., 2019; Tavoni et al., 2012). 

Without effective enforcement of rules and norms, a self-interested individual has no incentive 

to follow the prescribed rules and norms because doing so is costly to the individual. A 

voluntary mechanism to sustain cooperation thus may be at risk due to free riding. This raises 

the obvious questions, under which conditions users choose to implement appropriate 

institutional arrangements to safeguard cooperation and how it relates to the cost of institutions 

(Dannenberg & Gallier, 2019).   

 
Using lab-in-the-field experiments, this paper aims to understand to what extent resource users 

are supporting costly institutions if they are designed to discourage free riding when 

contributing to public goods. Further, we aim to explain what mediating factors affect the 

probability of subjects supporting such costly institutions. We carried out two experiments, 

where users can vote between a costly institution – designed to deter free riding – and a costless 

alternative that opens the door for free riding. First, we consider a mandatory minimum level 

of contribution to the public good. Such setting deters free riding, but may also crowd out more 

generous contributions, by providing a clear focal point of contribution. Second, we announce 

a non-mandatory minimum level of contribution, but users risk to be detected and fined if they 
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under-provide. The choice here is to vote between a setting in which detection is probabilistic 

and a setting in which all free-riders are detected.  

 
The contribution of our paper to the literature is twofold. First, we analyze which factors affect 

the support for costly institutions among users and how it correlates with observables from the 

field. In particular, we are interested whether experienced scarcity in the field affects the 

probability to vote for institutions.  

 
Second, we consider explicitly institutional costs and its impact on welfare. A challenge is that 

in a standard setup users make decisions how much to contribute after learning the voting 

outcome, which may revel information about the intentions or cooperative attitude of other 

players. We obtain a clean measure for welfare by using the strategy-elicitation method, which 

implies that users decide on each context before learning which one will be relevant.  

 
We find that a significant share of the subjects support costly institutions. Prior experience with 

resource scarcity increases the likelihood of subjects voting for a costly institution. In particular, 

we find that the more frequent the subjects are exposed to water scarcity in the past years, the 

more likely they support costly institutions. We also find that the average contribution in the 

costly institutions is higher than in the costless institutions, suggesting that the costly 

institutions do indeed deter free riding without crowding out more generous contributions. 

While minimum contributions as well as strict enforcement increase average contributions, only 

the minimum contribution is welfare-enhancing. The increase in cooperation in the costly strict 

enforcement mechanism is not enough to compensate the institutional cost.  

 
The remainder of this paper is structured as follows. Section 5.2 reviews related literature on 

endogenous institution in public goods experiment. Section 5.3 describes briefly the context 

and water management in Cambodia. Section 5.4 describes experimental design and 

procedures. Section 5.5 presents main experimental results, and section 5.6 concludes.  

 

5.2. Endogenous institutions and public goods experiments  

 
Institutions can be categorized in a variety of ways, but it is useful to distinguish formal and 

informal institutions (North, 1991). In the context of local resource governance, an informal 

institution is one in which resource users enforce the rule by themselves, e.g. through peer 

pressure and informal sanctions, while in a formal institution the rule or regulation is enforced 
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exogenously or centrally by a third party (Yeboah-Assiamah et al., 2017). Our study features 

two types of institutions: informal and formal. The informal one is voluntary and monetarily 

costless, while the formal one has restrictions and is costly.  

 
When it comes to institutional choice in public goods experiments, existing literature has mainly 

focused on how endogenously chosen and exogenously imposed institutions affect cooperation 

differently. The effects of both types of institutions on cooperation are mixed. For instance, the 

contribution to the public goods is higher under a voted institution than under an exogenously 

imposed institution (Dal Bo et al., 2010; Kamei et al., 2015; Markussen et al., 2014; Sutter et 

al., 2010; Tyran & Feld, 2006). In other studies, however, the endogenous choice of institution 

does not always impact cooperation positively or perform better than the exogenous institutions, 

especially if users fail to implement appropriate institutions (Gallier, 2020; Kocher et al., 2016; 

Kroll et al., 2007; Martinsson & Persson, 2019; Sutter & Weck-Hannemann, 2003; Vollan et 

al., 2017).   

 
While previous studies mainly focus on the effects of endogenous versus exogenous 

institutional choices on cooperation, only more recently the literature explores what determines 

choice of institutions in public goods experiments (Dannenberg & Gallier, 2019). The 

institutional choice is usually made by the subjects through repeated voting (Sutter et al., 2010; 

Sutter & Weck-Hannemann, 2003, 2004) or voting once (Kocher et al., 2016), in which the 

voting outcome is determined by the majority vote (Kroll et al., 2007). In many cases, the 

contribution decision is made through the direct-response method (Gallier, 2020), while in 

some cases the strategy method is used (Vollan et al., 2017).  

 
Various papers have explored the role of minimum contribution mechanisms in public goods 

games, where players can vote between a standard public goods game, which resembles an 

environment without formal institution, and a public goods game with a minimum contribution 

level, which resembles an institution that is governed by a tax system (Kocher et al., 2016; 

Martinsson & Persson, 2019). Sutter and Weck-Hannemann (2003) and (2004) allow subjects 

to vote repeatedly whether to implement a binding minimum contribution level in non-linear 

public goods games. They find that about 80 percent of groups voted for the institution, but the 

average contribution is not significantly different between groups that support the institution 

and groups that do not (Sutter & Weck-Hannemann, 2003). However, asymmetric minimum 

contribution levels, i.e. group members face different minimum contributions, tend to 

undermine contributions by those who are disadvantaged. Also, individuals that vote for such 
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an institution contribute significantly more in the public goods game than those that do not vote 

for the institution (Sutter & Weck-Hannemann, 2004). Kocher et al. (2016) also study the 

effects of different levels of minimum contribution on cooperation, but in a linear one-shot 

public goods game. In their study players can vote between a standard public goods game and 

a public goods games with low minimum contribution (10 percent of the endowment) or high 

minimum contribution (35 percent of the endowment), both of which are above the Nash 

equilibrium, but below the social optimum. The institution that is implemented is determined 

by a random vote, and the contribution decision is made via a strategy elicitation method. 

Martinsson and Persson (2019) have a similar experimental design, but with a minimum 

contribution of 25 percent of the endowment. They find that 81 percent of the subjects supported 

the institution with minimum contribution level and that cooperation is higher in this institution 

in comparison to the environment without formal institution.  

 
Another strand of literature focuses on endogenous choice of sanctioning institutions in public 

goods games. In these games, players can vote between a standard public goods game and a 

public goods game with peer or centralized punishment mechanisms. Feld and Tyran (2002) 

allow players to vote between a standard public goods game and a public goods game with 

centralized punishment. Using a strategy method, each player makes a contribution decision for 

each possible voting outcome, which is determined by the majority rule. Punishment is non-

deterrent, i.e. free riding incentive remains, and is executed when the player contributes less 

than the full endowment. They find that half of the subjects voted for the game with punishment 

institution. Also, the contribution rate is significantly higher in the game with punishment than 

in the standard game without punishment, but the payoff is only slightly higher. A similar 

experiment was conducted by Tyran and Feld (2006), but adding a new feature in which 

punishment is deterrent, i.e. there is no free riding incentive. They find that more players prefer 

the institution with deterrent punishment (75%), as compared to the one with non-deterrent 

punishment (50%). Overall, the contributions and payoffs are higher in the institution with both 

conditions of punishments than in the standard game (Tyran & Feld, 2006). In a similar setup, 

Vollan et al. (2017) find that 42% of players voted for the institution with non-deterrent 

punishment. Whereas the average contribution is higher in the game with punishment than in 

the standard game, the payoffs in both institutional settings do not differ. In a similar 

experiment, but with the direct-response method, Gallier (2017) find that 73% of players voted 

for the public goods game with non-deterrent punishment.  
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Costs of institutions tend to affect institutional choices and cooperation. For instance, Sutter et 

al. (2010) let subjects vote between a standard public goods game and a public goods game 

with costly reward or peer punishment. They find that 62% of groups voted in favor of the 

standard public goods game over the alternatives when the reward or punishment is expensive. 

However, when it is relatively cheap to reward or punish, the standard game becomes much 

less popular. i.e. receiving only 15% of votes. The contribution rate is always lower in the 

standard game than in the game with reward or punishment regardless of voting (Sutter et al., 

2010). Dannenberg et al. (2019) let subjects repeatedly vote between a standard public goods 

game and a public goods game with the option to exclude another member. They find that up 

to 96 percent of groups vote for the exclusion institution when the institutional cost is absent. 

When the institutional cost is introduced, however, only 52 percent vote for the institution. 

Markussen et al. (2014) also let subjects choose between a standard public goods game and the 

public goods game with a formal or informal punishment scheme. They find that both informal 

and formal punishment institutions are preferred to the standard public goods game without 

punishment. Further, the formal punishment institution is the most popular option, especially 

when it is cheap and deterrent (Markussen et al., 2014). These findings are in line with Kamei 

et al. (2015). 

 
So far, existing literature on endogenous choice of institution has mainly focused on how 

various institutional settings such as different levels of minimum contribution or sanctioning 

strength affect cooperation. The determinants of institutional choices such as those related to 

personal experience or contextual factors, however, are largely unexplored. Some studies have 

explored the role of personal characteristics, such as cooperativeness (Ertan et al., 2009), 

cognitive ability (Dal Bo et al., 2010) or cooperation types (Vollan et al., 2017). After all, most 

of the studies are based on lab experiments which limits the possibility of exploring the role of  

personal experiences outside the lab. Such contextual factors are indeed important (Ostrom, 

2000, 2009) and can only be tested in the field. Our study analyzes which factors determine the 

endogenous choice of institutions by including not only variables about individual preferences 

such as cooperative traits, risk, and trust, but also contextual variables such as wealth and prior 

experience related to resource conditions.   

Previous studies suggest that resource scarcity could have positive or negative effects on 

cooperation. On the one hand, resource scarcity increases competition and leads to a faster rate 

of resource depletion (Grossman & Mendoza, 2003). In addition, past experience about 

resource scarcity can increase the appropriation rate and thus undermine collective action 
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(Blanco et al., 2015; Pfaff et al., 2015). On the other hand, resource scarcity may increase 

cooperation. For example, concerns for resource scarcity can decrease extraction rate (Osés-

Eraso & Viladrich-Grau, 2007), either because the scarcity is caused by human or nature  (Osés-

Eraso et al., 2008). If the resource users are faced with higher resource uncertainty, they may 

reduce their harvest rate, as they are concerned about the future decline of the resource 

(Finkbeiner et al., 2018). To what extent users’ experience about scarcity could impact the 

support of institution, however, has not been studied yet.  

 

5.3. Water governance in Cambodia 

 
The governance of local water resources in Cambodia, in particular irrigation water, relies 

heavily on informal arrangements. Cooperation among farmers in sharing the water and 

maintaining the irrigation infrastructure thus plays a vital role in facilitating an efficient and 

fair use of water. However, weak enforcement of rules and social norms that govern water use 

are obstacles which result in frequent conflicts over water sharing and poor maintenance of 

water infrastructure (Chea, 2010; Sam & Pech, 2015). In response to these challenges, 

Cambodia has been transforming water governance from a centralized system where the state 

plays a central role in making decisions related to water sharing, water infrastructure 

maintenance, and rule enforcements, to a more decentralized system where communities have 

more power in making these decisions (Mak, 2017). This transformation results in a complex, 

nested system of water governance with multiple actors involved in decision making such as 

farmers, farmer organizations (Farmer Water User Communities), local government, and the 

state. In many cases, both the state and communities are involved in the management process 

which creates a situation where informal arrangements such as social norms and formal written 

rules can be misaligned and result in conflicts and inefficiency.   

 
Further, water governance in Cambodia is facing other challenges such as increasing water 

scarcity due to growing demand of water for agriculture and climate change (Mak, 2017; Sam 

& Pech, 2015). Climate change is expected to worsen water scarcity (Haddeland et al., 2014; 

Schewe et al., 2014) and increase water’s variability in time and space (Jaeger et al., 2017). In 

Cambodia, climate change impact is already evident, with changes in rainfall patterns and 

increased climatic events such as floods and droughts being observed in many areas (Diepart, 

2015), posing extra challenges on food security of Cambodian farmers who depend strongly on 

water resources for farming.  
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In the face of such institutional and environmental uncertainties, Cambodia clearly needs an 

institution that can enhance cooperation and mitigate free riding, especially in the context of 

climate change (Chem et al., 2010). In response to this, more recently the government is 

conducting a pilot to test whether the community, through a Famer Water User Community 

(FWUC), can take over the responsibility to manage the irrigation system by themselves. This 

kind of organization is a by-law institution that is formed through a participatory process and 

is responsible for local resource governance. The arrangement is that the members pay the 

irrigation service fee and this organization is responsible for keeping the irrigation 

infrastructure in good quality, ensuring provision of irrigation to their members, and enforcing 

the written rules. Such an institution is indeed a form of formal institution that is voted for by 

farmers, but to what extent it is supported by the community remains a priori unclear. 

Understanding which type of institutions would be supported by the community of resource 

users and whether the institution may enhance cooperation and welfare or not is thus a key 

policy question for the design and implementation of water institution in Cambodia. 

 

5.4. Experimental design and procedures 

 
In our experiment on endogenous institutions, subjects play one-shot public goods games with 

an option to vote for a preferred institution. We use one-shot games to avoid confounding our 

results with learning effects. Each game consists of two stages: an institutional choice stage and 

a voluntary contribution stage. In the first stage, subjects  simultaneously and independently 

choose between two available institutions. In the second stage, each subject interacts in a public 

goods game with two other random partners. Contributions are made via the strategy-elicitation 

method. Hence, we ask the participants to make a contribution choice for each institutional 

setting. The institution that is implemented is determined by the majority of votes in the group 

they play the public goods game in. By letting people first choose the institution, we get a clear 

measure on which setting is preferred by the individual. The use of a strategy elicitation allows 

us to determine whether people behave differently in their preferred institution compared to an 

institution that is imposed upon them by their peers. 

5.4.1. Experiment 1: A voluntary system versus a costly tax system 
 
In the first institutional setting, the choice is between a standard public goods game, which 

resembles an environment without formal institution, that is governed by a voluntary system, 

and a public goods game with minimum level of contribution, which resembles an institution 



Voting on costly institutions in public goods 

105 
 

that is governed by a tax system. In the standard public goods game, each subject is endowed 

with six bills of 1000KHR2, and may contribute any amount between 0 and 6 bills to the 

public good. The marginal per capita return ( MPCR )  from the public good is 0.5  (α=0.5). A 

rational player would never contribute to the public good since . The Nash contribution is 

thus zero. However, since 	 , where 3n   is the group size, it is socially optimal to 

contribute the entire endowment. This creates a social dilemma situation in our public goods 

game.  Denoting g  the amount invested in the public good, the payoff of subject i  in the regime 

of the standard public goods game is given by 

 

   (1) 

where  is the endowment,  the contribution of subject i to the public good and ig  is the 

contribution by the other two players.. 

 
For the public goods game with a minimum contribution level, hereafter referred to as a tax 

system, the subjects were endowed with 6 bills of  KHR and each has to invest at least 3 bills 

to the public good. By setting the minimum contribution to 3 we ensure that the gain through 

the mandatory contribution is high enough to off-set the institutional costs. Setting the 

minimum contribution to 2 would lead to a payoff of 6 per person if everyone just contributes 

the minimum contribution which is equal to the endowment. Further, by setting the minimum 

contribution to 3 we are still able to analyze cooperative behavior. Using half the endowment 

as minimum contribution plays into the observed tendency to contribute around  50% of the 

endowment (Ledyard, 1995; Fehr & Fischbacher, 2003; Burton-Chellew & West, 2013).3 Since 

 and the minimum contribution is 3 bills, the Nash contribution is 3 bills. Like for the 

standard public goods game, the socially optimal contribution is thus 6 bills, as 	 . 

Denoting m  the cost of institution ( 1m ), the payoff of subject i in the regime of the public 

goods game with a minimum contribution is given by 

                                    – m                                             (2) 

with g ≥ 3. 

  

 
2 KHR stands for Khmer Riels and 1.00 USD is about 4000 KHR 
3 Ideally, one would vary the minimum contribution level to account for crowding out effects and the natural 
tendency to contribute half the endowment. Due to time and location constraints we were not able to run those 
experiments and thus are not able to disentangle these effects.  
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The Nash equilibrium and socially optimal contributions and the corresponding payoff are 

given in Table 1. While the Nash contribution in the voluntary system is zero, the Nash 

contribution in the tax system is 3. The payoff for the Nash contribution is slightly lower in the 

voluntary system than in the tax system, but the payoff for the social optimum contribution is 

higher due to institutional cost in the tax system. 

Table 2. Nash and social optimum contributions and corresponding payoffs in voluntary and tax 

systems 

 Contribution  Payoff 
Voluntary system   

          Nash 0.0 6.0 

          Social optimum 6.0 9.0 

Tax system   

         Nash 3.0 6.5 

         Social optimum 6.0 8.0 

 

5.4.2. Experiment 2: A weak enforcement versus a strict enforcement system 
 
In the second institutional setting, the choice is between a weak enforcement and a strict 

enforcement mechanism. In this setting, there is a rule that each group member must contribute 

at least 3 bills to the public good. The subjects are free to decide whether to follow the rule or 

not. However, breaking the rule would get sanctioned with a probability of 0.5  (p=0.5).4 In our 

setup, if caught and sanctioned, the subject loses half of his payoff (penalty . ).5 The 

expected payoff of subject i  who violates the rule in the regime of weak enforcement 

mechanism  is given by 

E 1  (2) 

The payoff of a rule-complying individual is the same as in the standard public goods game 

(equation 1).  

 
Under the strict enforcement regime, each subject must pay an institutional cost m  so every 

rule breaker is caught and gets sanctioned. In our setup, the cost of operating detection and 

 
4 We set the probability to get caught at 50% to facilitate understanding by the participants and because we do not 
have reliable numbers of the likelihood to get caught in similar real life settings in Cambodia. 
5 Again, the main reason to set the penalty at 50% of the payoff is to facilitate understanding and computation by 
the participants. Further, losing 50% of your payoff can be considered high enough to have a deterring effect. 
While the size of the punishment can have an impact on contribution, we are mainly interested in the institutional 
choice. Thus, having a punishment that is high enough to have a deterring effect is sufficient. 
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sanctioning of rule breakers is 1m . The payoff of subject i  who breaks the rule in the strict 

enforcement regime is given by 

  (3) 

 
The payoff of a rule-complying individual is given by equation 2. The Nash equilibrium and 

social optimum contributions and the corresponding payoff are given in Table 2. From the table, 

we observe that overall the payoff of the game that features a weak enforcement mechanism is 

slightly higher than that of the game that features a strict enforcement mechanism, due to the 

institutional cost incurred in the latter. In both games, the Nash contribution is to follow the 

rule and contribute 3 bills.  

 
Table 3. Nash and social optimum contributions and corresponding payoffs in weak and strict 

enforcement mechanisms 

 Contribution  Payoff 
Weak enforcement   

          Nash 3.0 7.5 

          Social optimum 6.0 9.0 

Strict enforcement   

         Nash 3.0 6.5 

         Social optimum 6.0 8.0 

 
Along with the public goods games with both costly institutional settings, we also run a Gneezy-

Potter risk-elicitation game (Gneezy & Potters, 1997)6, to characterize the risk preferences of 

participants, followed by a standard public goods game and a public goods game with strategy 

elicitation, to study their cooperative types. After the games, we also conducted structured  

interviews with each participant. We asked question along five different topics: (i) community 

trust, support, and collective action, (ii) scarcity, (iii) shocks, (iv) institutional settings 

experienced, and (v) demographics. Details on the survey and exact methods of eliciting risk 

and social preferences are given in Schuch et al. (2021). The study was reviewed by the Social 

Sciences Ethic Committee of Wageningen University and registered as a pre-analysis plan; see 

Richter et al. (2020).  

 

 

 
6 We use a Gneezy-Potter risk elicitation game since it is easy to understand for the participants and is straight 
forward to implement in a field setting with a sample pool where illiteracy is high. 
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5.4.3. Implementation 
 
Our study sample consists of rural Cambodian farmers from 21 villages in the Kampong 

Chhnang province (Figure 1). We focus on three communes, namely Kouk Banteay (8 out of 8 

villages), Taing Krasaing (we randomly drew 6 out of 12 villages), and Tuol Khpous (7 out of 

7 villages). While farming is prevalent in all these communes, fishing dependency and access 

to irrigation water differs. Thus, only some farmers have the option to use fishing as a secondary 

income. Fishing dependency is relatively high in Kouk Banteay, and low in Tuol Khpous and 

Tank Krasaing. Further, Kouk Banteay has more access to water than the other two as it has 

more canal systems. 

 

 

Fig. 1. Map of study area in Kampong Chhnang province, Cambodia 

The participants were recruited via village chiefs. We informed village chiefs about the criteria 

for recruitment. We required that the participants should be (i) 18 years or older, (ii) only one 

person per household (preferably the household head or spouse), (iii) healthy as the experiments 

would take around 3 hours, and (iv) from all social sphere within the village. Thus, our sample 

is representative of the area but not of Cambodian farmers. At the beginning of each session the 

village chiefs where there to greet people and ensure that everything is running smoothly before 
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they left for their respective work. This way we could ensure that the village chiefs did not 

influence the decision-making.  

 
All experiments were pen-and-paper experiments with verbal instructions and posters and 

examples to aid understanding. The exact instructions of the experiments and the materials used 

are given in the Online Appendix. For each of the games the individuals were assigned 

randomly to new groups. There was no feedback given between the experiments. To account 

for the time investment we pay each participant a show-up fee of 4000 KHR and another 6000 

KHR if they stay till the end in addition to the money earned in one of the games. At the end of 

a session one of the games was chosen randomly for each participant to avoid confounding 

effects between the games. The average payout is 17000 KHR which corresponds to $4.25 and 

provides a sufficient incentive to participate given the average daily wage in the region of $4.50. 

The order of the games played is the same for every individual. Thus, we cannot rule out that 

order effects are confounding our results.  

 
In all experiments the participants were asked to divide their endowment of 6000 KHR between 

a group fund (a green envelope) and a private fund (a white envelope). The only difference was 

in the tax treatment. Here, the participants were given only 3000 KHR to divide between the 

private and the public fund while already 3000 KHR were in the public fund envelope. This 

way we made it salient that 3000 KHR are going towards the public fund (the mandatory tax) 

and the participants only had a distributional choice in regard to the other 3000 KHR. In the 

punishment treatments there is only the rule to contribute 3000 but the participants have a 

choice whether they want to follow this rule, thus we provide them with 6000 KHR. 

 

5.5. Results 

 
5.5.1. Data description 
 
Out of the 315 subjects, 13 were dropped from the dataset due to redundant/missing identities 

in the survey, limited time to take part in the survey or the experiments. In the final dataset, we 

thus have 302 observations for the experimental tasks and 282 observations for both the 

experiment and the survey. Our sample has more female (63%) than male (37%) participants. 

The average age is about 46 years, and no one is below 18 years old. Most of them have very 

low education (average schooling years of 4). On average, a household has about 5 members. 

Furthermore, most of the subjects are farmers as primary occupation.  
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To measure cooperative traits, we asked participants to play conditional public goods games to 

understand their prosocial preferences. In the game, subjects were endowed with 6 bills of 1000 

KHR and asked to make seven decision rounds on how much to contribute to the public good, 

knowing what the partner contributes. Using the hierarchical cluster analysis (Fallucchi et al., 

2018), the subjects can be divided into five groups in terms of their prosocial preferences (Table 

3); see also Schuch et al. (2021).  Low, medium, and high unconditional cooperators are those 

who made low (mean of 1.77), moderate (mean of 2.54), and high (mean of 4.44) contributions 

respectively regardless of what the partner contributed. Conditional cooperators are the ones 

who try to match the contribution of partners  (mean of 3.16). Finally, we have some subjects 

(79 out of 302) whose contribution level seems to be irregular, referred to as “other behavioral 

type”. In terms of individual preferences, we measured risk aversion on a scale 0 to 6, with zero 

being not at all risk averse and 6 being highly risk averse. In our study sample, overall, the 

subjects are fairly risk averse.  

 
In our survey we  measured trust level by asking them how many out of 10 villagers would 

voluntarily join a collective project in the village if invited. The average trust level is around 

7.0. We also measured wealth of each household. First, we asked whether the household owns 

a motorboat since fishery is an important source of income in the study area. As a result, only 

9% of them own a motorboat, which is considered wealthier than those who do not. Further, 

22% of the respondents own farmland for growing other crops rather than rice. When it comes 

to assets related to rice farming, which is the most important livelihood option in the area, 46% 

of them own paddy land close to an irrigable water source, which is within the distance of 100 

meters. Remittance from migration is another important source of income, and in our study 

sample 32% of them did receive remittance in the past year. 

 

Finally, we also elaborate on household experience about water scarcity. Firstly, we asked how 

many times the household experienced irrigation water scarcity in the past 5 years. The average 

frequency of water scarcity experienced in the past 5 years is 0.95. Further, 62% of the 

respondents did not have enough water for irrigation in the past year. With regard to those who 

have fishing experience, 19% of them have experienced catch decline in the past year, and 12% 

reported that they experienced stock collapse. Lastly, 57% of the respondents also reported that 

they experienced income shock in the past year.  
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Table 4. Descriptive statistics of relevant variables 

Variable Obs. Mean Std. Dev. Min. Max. 

Socioeconomics      

Gender (male=1) 281 0.37 0.48 0.00 1.00 

Age 282 46.20 13.22 18.00 80.00 

Schooling years 282 4.05 3.48 0.00 16.00 

Number of household  members 282 4.76 1.70 1.00 11.00 

Individual preferences      

Risk aversion 282 3.18 1.00 0.00 6.00 

Trust 282 7.33 2.35 0.00 10.00 

Wealth      

Owning a motorboat 282 0.09 0.28 0.00 1.00 

Owning farmland for growing other crops 282 0.22 0.42 0.00 1.00 

Owning paddy land close to water source 282 0.46 0.50 0.00 1.00 

Receiving income from remittance 282 0.32 0.47 0.00 1.00 

Experience about scarcity      

Frequency of water scarcity experienced 282 0.95 2.93 0.00 20.00 

Having enough water for irrigation  282 0.62 0.49 0.00 1.00 

Having experienced catch decline 282 0.19 0.39 0.00 1.00 

Having experienced stock collapse 282 0.12 0.33 0.00 1.00 

Having experienced income shock 282 0.57 0.50 0.00 1.00 

 

5.5.2. Voting and contribution in costly institutions 
 

Voting on costly institutions 
 
Our experiment features two types of institutional settings. In the first setting, the choice of 

institution is between a costless voluntary system where there is no rule prescribing how much 

each group member has to contribute to the public good, and a costly tax system where each 

group member has to contribute at least half of the endowment to the public good. In the second 

setting, the institutional choice is between a costless weak enforcement mechanism and a costly 

strict enforcement mechanism. Under the weak enforcement mechanism, rule breakers (those 

who contribute less than half of the endowment) have a 50% chance of escape from punishment. 

Under the strict enforcement mechanism, however, every rule breaker is punished.  
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Results of voting between a voluntary system and a tax system show that a significant share of 

subjects (62.25%) voted for the tax system, and 63.55% of the groups ended up having this 

institution implemented. Similarly, the majority of the subjects (61.59%) voted for a strict 

enforcement mechanism, and 62.50% of the groups ended up having the strict enforcement 

mechanism implemented. On the other hand, if we look at voting behavior across institutions 

(Fig. 2), we observe that 23.84% of the subjects voted for both costless institutions, i.e. the 

voluntary system and the weak enforcement mechanism, and up to 47.68% voted for both costly 

institutions: the tax system and the strict enforcement mechanism. 14.57% of them voted for 

the costly tax system and the weak enforcement mechanism, while the rest (13.91%) voted for 

the voluntary system and the costly strict enforcement mechanism.  

 

Fig. 2. Percentage of votes across institutions 

 
Contributions in costly institutions 
 
Here, we want to understand cooperative behavior of subjects in terms of their contribution to 

the public good in both institutional settings (Figure 3). Overall, only a very small proportion 

of subjects contribute nothing to the public good. Also, contributing the minimum requirement  

(3 bills) – implemented or not – to the public good is the most popular option across institutions. 

The most frequently observed contribution level in the standard voluntary contribution setting 

is 3, so half of the endowment. This effect is well documented in the literature and our subject 

pool is no exception. What is interesting is that we see an increase in contributions if the tax/rule 
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is set to 3. Instead of an anchoring effect on 3 we rather see that people opt to be more 

cooperative than is required. We also see that people hardly contribute 0, even if given the 

choice and no punishment. This is in line with the cooperative traits we determined. In the first 

setting (Fig. 3a), we observe that many subjects still contribute more than the required minimum 

level in the tax system, indicating that the tax system does not crowd out the voluntary 

contribution beyond the minimum level. In the second setting (Fig. 3b), the subjects largely 

follow the rule (contributing 3 bills or more) under both weak and strict enforcement 

mechanisms. Under the strict enforcement mechanism, however, a very small proportion of 

them contribute less than 3 bills, even if that means they surely get punished.  

Paired-sample t-tests were performed to determine if there are differences in contribution 

between the costless and costly institutions. Overall, the contribution level in the costly 

institutions is significantly higher than that in the costless institutions. In the first setting, the 

mean contribution level is higher under the tax system (4.02 0.97) , as compared to the 

voluntary system (2.92 1.16) , a statistically significant difference of 

1.10 ( 13.458,  0.0000)t p  . In this setting, the percentage of players contributing the social 

optimum level (6 bills) is higher  in the tax system (about 10%) than in the voluntary system 

(about 3%). In the second setting, the mean contribution level is higher under the strict 

enforcement mechanism (3.66 0.91)  than under the weak enforcement mechanism 

(3.44 0.85) , a statistically significant difference of 0.21 ( 3.898,  0.0001)t p  . 

 

Fig.3. Distribution of contribution levels between  costless and costly institutions 
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5.5.3. Individual payoff of each institution 
 
Figure 4 shows individual payoff conditional on the institutional regime. It is worth to recall 

that the contribution decision in our game is based on the strategy method, meaning that each 

subject decides on the contribution in each game, without having known the voting outcome. 

Therefore, we are able to compare the payoff levels between the two institutional regimes.  As 

for the first institutional setting (Fig. 4a), we observe higher payoff under the tax system than 

in the voluntary system, suggesting that there is a welfare improvement in the costly institution, 

as compared to the costless institution. In contrast, we see lower payoff under the strict 

enforcement mechanism, as compared to the weak enforcement mechanism (Fig. 4b). The 

reason is simply that the cost of the strict enforcement mechanism does not outweigh the benefit 

in terms of higher cooperation.  

 

Fig. 4. Boxplot showing individual payoffs for the different institutional settings. The horizontal line 

inside the rectangle represents the median payoff and the ones either side of the rectangle show lower 

and upper quartiles.  Circle markers are outlier. 

 
5.5.4. Determinants of institutional choice 
 
Logistic regressions were run to understand effects of prior experience about scarcity, wealth, 

and individual characteristics on the likelihood of subjects voting for a costly tax system (Table 

4). In the first model, we observe that having experienced scarcity impacts subjects’ voting 

behavior. In particular, the more exposed to water scarcity people have been in the past, the 
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more likely they are to vote for the tax system. This result holds true even when we control for 

village effects (model 2). If we distinguish between fishers (model 3) and non-fishers (model 

4), the positive effect of exposure to water scarcity on the support of the tax system disappears 

among non-fishers.  It is worth to note that fishers also do farming, and when we asked 

participants in the survey to identify their primary occupation, 52 out of 63 fishers responded 

that rice farming is their primary occupation, and only one of them considered himself as a 

fisher. It seems to point to the fact that fishing is more like an alternative livelihood strategy, 

which is used to cope with water scarcity. Further, 44 out of 63 fishers (70%) also cultivate dry 

season rice, which is a relative water-consuming farming system, suggesting that water scarcity 

is highly relevant for those who also engage in fishing. We also look at other variables that 

describe household experience of scarcity such as whether the household has had enough water 

for irrigation, experienced catch decline and fish stock collapse, but we do not find any 

significant effects on their voting behavior. In addition, we also observe that household 

experience of income shocks in the past years does not impact voting behavior either.  

 
Wealth, however, can have different effects on voting behavior, depending on whether it is 

related to rice farming or not. For instance, the subjects who own paddy land close to irrigable 

water sources are less likely to vote for the tax system. The reason could be that this group of 

players has higher capacity to cope with water scarcity as well as more control over water 

access, finding it less important to have such an institution. We find that those who receive off-

farm income from remittance are more likely to vote for the tax system. We also included other 

variables related to wealth such as whether the households own a motorboat or whether they 

own farmland for growing other crops rather than rice, but we find no significant effects. In 

terms of individual preferences such as risk and trust level, we do not find any significant effects 

on their voting behavior. We also control for village effects, as indicated in the second model, 

but we find no major differences.  

 
Similarly, we run logistic regressions to understand the effects of prior experience about 

scarcity, wealth, and individual preferences on the probability that the subjects vote for the strict 

enforcement mechanism (Table 5). Overall, we find that more exposure to water scarcity 

increases the likelihood of subjects’ voting for the strict enforcement mechanism. Again, this 

effect is more present among those who are also fishing. Other variables related to experience 

about scarcity, such as whether the household has had enough water for irrigation and 

experienced catch decline and fish stock collapse, have no significant effects on the voting 
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behavior. Whether the household experienced income shock in the past year does not impact 

voting behavior either. 

 
We do find that wealth affects voting behavior. While the subjects who own a motorboat are 

less likely to vote for the strict enforcement mechanism, those who own a farmland for growing 

other crops rather than rice are more likely to vote for the strict enforcement mechanism. 

Overall, other variables related to wealth such as whether households owns paddy land close to 

water source and whether they receive income from remittance have no significant effects on 

the likelihood of subjects voting for the strict enforcement mechanism. However, among fishers 

the effects of wealth are largely negative. Finally, if we look at the effects of individual 

preferences such as risk aversion and trust on the voting behavior, we observe that risk averse 

fishers are more likely to vote for the strict enforcement mechanism.  

 
Table 5. Effects of experience about  scarcity, wealth and individual preferences on subject’s voting for the tax system 

Dep. Var.: Voting for tax system (1/0) Pooled Fishers Non-fishers 

 (1)  (2)  (3)  (4) 

Experience about scarcity     

Frequency of water scarcity experienced 0.098* (0.053) 0.111** (0.056) 0.575**(0.242) 0.053 (0.055) 

Having enough water for irrigation  0.599 (0.368) 0.707* (0.411) 1.602 (1.302) 0.693 (0.428) 

Having experienced catch decline -0.522 (0.576) -1.138*  0.670) -1.367 (2.107)   

Having experienced stock collapse 0.600 (0.894) 0.910 (0.895) 0.804 (1.284)  

Having experienced income shock -0.103 (0.223) 0.0005 (0.327) 2.152 (1.441) -0.271 (0.282) 

Wealth     

Owning a motorboat -0.0247 (0.851) 0.557 (0.989) 0.155 (1.609)  

Owning farmland for growing other crops  0.626 (0.446) 0.316 (0.470) 0.137 (2.328) 0.834* (0.489) 

Owning paddy land close to water source -0.849***(0.296) -0.932**(0.375) -2.428*(1.408) -0.798**(0.331) 

Receiving income from remittance 0.647** (0.321) 0.394 (0.357) 2.886* (1.680) 0.579 (0.408) 

Individual preferences     

Risk aversion 0.054 (0.159) 0.151 (0.177) 0.237 (1.059) 0.066 (0.171) 

Trust 0.014 (0.060) 0.044 (0.072) 0.041 (0.174) 0.010 (0.068) 

Constant -1.001 (0.823) 1.230 (1.811) -10.39*(5.797) -0.664 (0.858) 

Commune fixed  effects √  √ √ 

Village fixed effects  √   

Cooperative traits √ √ √ √ 

Socio-demographics √ √ √ √ 

Observations 281 267 63 218 

Pseudo R2 0.156 0.221 0.388 0.159 

Standard errors in parentheses 

* p < .10, ** p < .05, *** p < .01 
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Table 6. Effects of experience about  scarcity, wealth and individual preferences on subject’s voting for a strict enforcement 

Dep. Var.: Voting for strict enforcement (1/0) Pooled  Fishers Non-fishers 

 (1)  (2)  (3)  (4)  

Experience about scarcity     

Frequency of water scarcity experienced 0.142**(0.072) 0.157**(0.069) 0.391*(0.221) 0.096 (0.071) 

Having enough water for irrigation  0.329 (0.359) 0.607 (0.414) 0.588 (1.636) 0.281 (0.353) 

Having experienced catch decline 0.318 (0.623) -0.084 (0.658) -0.369 (1.370)  

Having experienced stock collapse 0.340 (0.687) 0.725 (0.778) 0.603 (1.469)  

Having experienced income shock 0.005 (0.223) 0.079 (0.311) -0.344 (0.891) 0.061 (0.250) 

Wealth     

Owning a motorboat -1.800**(0.829) -1.350*(0.731) -2.138**(0.970)  

Owning farmland for growing other crops  0.901*(0.541) 0.578 (0.402) -1.763*(1.055) 1.079 (0.661) 

Owning paddy land close to water source -0.220 (0.361) -0.009 (0.374) -2.850***(0.934) -0.013 (0.391) 

Receiving income from remittance 0.377 (0.306) 0.377 (0.347) -1.170 (0.802) 0.437 (0.372) 

Individual preferences     

Risk aversion 0.0291 (0.201) 0.201 (0.178) 1.726**(0.847) -0.0273 (0.228) 

Trust 0.055 (0.072) 0.082 (0.073) 0.216 (0.161) 0.027 (0.078) 

Constant -0.873 (0.989) -1.562 (1.405) -4.970 (4.002) -0.502 (1.193) 

Commune fixed  effects √  √ √ 

Village fixed effects  √   

Cooperative traits √ √ √ √ 

Socio-demographics √ √ √ √ 

Observations 281 264 63 218 

Pseudo R2 0.113 0.198 0.429 0.133 

Standard errors in parentheses 

* p < .10, ** p < .05, *** p < .01 

  
5.5.5. Contributions in costless and costly institutions 
 
Table 6 shows that contributions to the public fund in both voluntary and tax systems do not 

depend on whether the subjects have voted for the institution. We also analyze how the 

cooperative traits interact with the institutional regimes. Not unexpected, we find is that low 

unconditional cooperators contribute significantly less in all institutional regimes than the other 

groups. We also looked at the difference in contributions between the two institutions that could 

be voted for (models 3 & 6) to see whether certain cooperative types contribute more (or less) 

under the tax regime, but  we do not observe this effect. 

 
Similarly, we also analyze how contributions to the public good in the weak and strict 

enforcement mechanisms differ (Table 7). Again, the contributions in both institutions do not 

depend on whether the subjects have voted for the institution. We find that low and moderate 

unconditional cooperators contribute significantly less in both institutions, as compared to the 
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high unconditional cooperators. Again, we find no significant difference in contributions in 

both institutions, when controlling for cooperative types (models 3 & 6).  

Table 7. Factors explaining contribution behavior in the voluntary and tax systems 

Dep. Var.: Contribution for (1), (2), (4), & (5) 

Dep. Var.: Difference in contributions for (3) 

& (6) 

(1) 

Voluntary 

(2)  

Tax 

(3)  

Tax-

Voluntary 

(4) 

Voluntary 

(5)  

Tax 

(6)  

Tax-

Voluntary 

Having voted for tax system 0.234 

(0.178) 

-0.0361 

(0.140) 

-0.270 

(0.208) 

0.162 

(0.165) 

0.008 

(0.131) 

-0.154 

(0.195) 

Cooperative traits       

Other 0.077 

(0.221) 

0.022 

(0.210) 

-0.055 

(0.291) 

0.005 

(0.191) 

0.010 

(0.174) 

0.004 

(0.234) 

Conditional Cooperators -0.250 

(0.232) 

-0.163 

(0.233) 

0.0870 

(0.311) 

-0.320 

(0.214) 

-0.147 

(0.181) 

0.173 

(0.242) 

Low Unconditional Cooperators -0.518 

(0.345) 

-0.550** 

(0.243) 

-0.032 

(0.392) 

-0.489* 

(0.260) 

-0.601*** 

(0.193) 

-0.112 

(0.298) 

Medium Unconditional Cooperators 0.008 

(0.232) 

-0.205 

(0.252) 

-0.213 

(0.372) 

-0.063 

(0.244) 

-0.215 

(0.199) 

-0.152 

(0.313) 

Constant 4.158*** 

(0.507) 

4.609*** 

(0.404) 

0.451 

(0.519) 

4.868*** 

(0.498) 

4.385*** 

(0.462) 

-0.483 

(0.589) 

Commune fixed effects √ √ √    

Village fixed effects    √ √ √ 

Risk aversion √ √ √ √ √ √ 

Socio-demographics √ √ √ √ √ √ 

Observations 281 281 281 281 281 281 

R2 0.100 0.120 0.034 0.214 0.211 0.169 

Adjusted R2 0.060 0.081 -0.009 0.120 0.116 0.070 

Standard errors in parentheses 

* p < .10, ** p < .05, *** p < .01 
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Table 8. Factors explaining contribution behavior in the weak and strict enforcement mechanisms 

Dep. Var.: Contribution for (1), (2), (4), & (5) 

Dep. Var.: Difference in contributions for (3) 

& (6) 

(1) 

 Weak 

(2) 

Strict 

(3) 

Strict-

Weak 

(4)  

Weak 

(5) 

 Strict 

(6) 

 Strict-weak 

Having voted for strict enforcement 0.0368 

(0.141) 

-0.0027 

(0.114) 

-0.0395 

(0.169) 

0.0362 

(0.118) 

-0.0962 

(0.113) 

-0.132 

(0.140) 

Cooperative traits       

Other -0.225 

(0.177) 

-0.0690 

(0.209) 

0.156 

(0.286) 

-0.285* 

(0.164) 

-0.124 

(0.177) 

0.161 

(0.190) 

Conditional Cooperators -0.0815 

(0.168) 

-0.136 

(0.226) 

-0.0549 

(0.319) 

-0.101 

(0.170) 

-0.223 

(0.194) 

-0.122 

(0.199) 

Low Unconditional Cooperators -0.557** 

(0.212) 

-0.589** 

(0.254) 

-0.0321 

(0.334) 

-0.506*** 

(0.190) 

-0.485** 

(0.200) 

0.0210 

(0.213) 

Medium Unconditional Cooperators -0.541*** 

(0.170) 

-0.468* 

(0.257) 

0.0728 

(0.299) 

-0.545*** 

(0.180) 

-0.510** 

(0.216) 

0.0350 

(0.213) 

Constant 3.194*** 

(0.417) 

3.618*** 

(0.382) 

0.424 

(0.414) 

3.565*** 

(0.446) 

3.133*** 

(0.430) 

-0.432 

(0.546) 

Commune fixed effects √ √ √    

Village fixed effects    √ √ √ 

Risk aversion √ √ √ √ √ √ 

Socio-demographics √ √ √ √ √ √ 

Observations 281 281 281 281 281 281 

R2 0.108 0.099 0.013 0.203 0.255 0.162 

Adjusted R2 0.068 0.059 -0.031 0.107 0.165 0.061 

Standard errors in parentheses 

* p < .10, ** p < .05, *** p < .01 

 
5.5.6. Discussions and conclusion 

 
The provision of public goods can be fragile if it is based on voluntary contributions by users, 

as some users may be tempted to underprovide or free ride. We explore with artefactual field 

experiments under which conditions users vote for institutions that set rules that govern the 

contribution to public goods. Our results show that a significant share of subjects vote for costly 

institutions even if they are costly and not necessarily efficient. We find broad support for both 

a minimum contribution level (a tax system) and also stricter enforcement if it increases the 

chances of detection for those who underprovide. These findings are in line with other 

experimental work which find that users choose to implement an institutional setting, even if 

costly, compared to the voluntary contribution mechanism (Dannenberg et al., 2019; Kamei et 

al., 2015; Markussen et al., 2014; Sutter et al., 2010).  

 



Chapter 5 
 

120 
 

Accordingly, we also observe that the average contribution is higher when institutions are in 

place, suggesting that they do indeed improve cooperation. In the minimum contribution 

regime, where each subject has to contribute at least half of the endowment to the public good, 

the majority of them still contributes more than the minimum requirement, suggesting that the 

tax regime does not crowd out the voluntary contribution beyond the required minimum level. 

When it comes to the sanctioning institutions, the average contribution in the strict enforcement 

mechanism is higher than that in the weak enforcement mechanism.  

 
Furthermore, we also analyze effects of individual preferences, wealth and experienced scarcity 

on the probability of subjects voting for the costly institutions. In both the tax system and the 

strict enforcement mechanism, we find that greater exposure to water scarcity in the past 

increases the likelihood of the subjects voting for the institutions. We also consider effects of 

risk preference and trust on voting behavior, but we do not find any significant effects. We find 

that wealth has different impacts on the likelihood of subjects supporting the costly institutions, 

depending on whether the wealth is related to on-farm or off-farm livelihood options. The 

subjects who possess wealth that can be accumulated through off-farm activities such as fishing 

and remittance are less likely to support the costly institutions, as compared to those who own 

wealth that is related directly to farming. The reason could be because those who can earn off-

farm income (which can serve as a buffering capacity in the face of scarcity and shock) depend 

less on farming, and thus find that the support of institution is less important. 

 
Previous studies have shown that the informal institution which is enforced through social 

norms may collapse in the wake of scarcity, e.g. due to climate change (Nhim et al., 2019; 

Richter et al., 2013). While our experiments are artefactual, the institutional settings that are 

featured in our games resemble the type of institution available in the field settings of the study 

area. Our findings demonstrate that the alternative institution such as the formal institution 

could be supported, even if they are not welfare-enhancing. This finding suggests that fairness, 

rather than efficiency, are important element when it comes to supporting institutions  (Kosfeld 

et al., 2009). Finally, individuals are more inclined to vote for such institutions when they were 

exposed to resource scarcity in the past. This finding may give a bit of hope about the effects 

of climate change which tends to exacerbate scarcity, as it may also trigger institutional 

responses that can ameliorate those climate impacts.  
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Chapter 6—Synthesis 

 

6.1. Introduction 

 
Worldwide, water governance is facing pressing challenge due to climate change (Haddeland 

et al. 2014; Elliott et al. 2014; Schewe et al. 2014; Jaeger et al. 2017; Veldkamp et al. 2017). A 

small-scale irrigation system is thus no exception in this regard. An irrigation system is part of 

a social-ecological system, in which the interactions between users, the resource system, and 

the embedded institutions are complex and nonlinear (Ostrom 2009; Liu et al. 2007; Wada et 

al. 2017). At the heart of its management is understanding how human behavior co-evolves 

with its biophysical system under various institutional arrangements and resource conditions 

(Schill et al. 2019; Yu et al. 2015; Anderies et al. 2004). The sustainability of such a system 

depends largely on the self-organizing capacity of resource users for collective action such as 

cooperation (Anderies et al. 2004; Ostrom 2009). This thesis uses both evolutionary agent-

based model and field experiments, to analyze how changing resource conditions that may bring 

about scarcity interact with resource users’ attributes and their embedded institutions and 

cooperative arrangements.  

 

6.2. Overview of results and discussions 

 
The role of social norms and informal institutions in maintaining cooperative resource 

management is prevalent in small self-governing communities (Ostrom 1990). The ability of 

informal institutions to adapt is  especially important in the face of climate change (Adger et al. 

2005). System productivity has been identified as a key variable that is associated with level of 

cooperation and success of self-governance (Ostrom 2009). The interaction between changes 

in scarcity and cooperation, however, remains unclear. While a strand of literature suggests that 

scarcity undermines cooperation (Grossman and Mendoza 2003; Blanco et al. 2015; Richter et 

al. 2013; Pfaff et al. 2015), another strand posits that scarcity may indeed increase cooperation 

(Osés-Eraso et al. 2008; Schlüter et al. 2016; Nie et al. 2020). This thesis investigates how the  

effect of resource scarcity on cooperation is mediated by contextual variables in the field, such 

as inequality, cooperative orientation and individual experience, and ultimately affect 

cooperation. Understanding how scarcity and cooperation interacts thus may enhance our 

understanding of how self-governance will be able to cope with climate change. 
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Findings in Chapter 2 show that social norms of cooperation may collapse in times of resource 

scarcity, and the dynamics are mediated by inequality and heterogeneity of users. I find that 

under increasing scarcity, highly efficient agents who possess high land endowment are more 

successful, taking larger proportion of resource, leaving most others with an increasingly 

smaller share of the resource. This finding is in line with model results by Mirza et al. (2019). 

I find that this mechanism is particularly strong if social capital and peer enforcement is weak. 

Under high scarcity, individual costs of cooperating by restraining harvesting behavior and 

enforcing the norms are relatively high. As shown in Chapter 2, inequality interacts with 

scarcity, and its effect on cooperation depends on how the ability to discipline others with peer 

enforcement. Thus, to understand better how climate change may affect the resilience of 

cooperative resource arrangements, the interactions between inequality and the role of 

institution in moderating it needs to be considered (Tavoni et al. 2011; Mirza et al. 2019).  

 
Chapter 3 investigates the role of scarcity further by looking at how it interacts with institutions, 

and affect cooperation among resource users who face coupled collective action problems in 

common-pool resource extraction as well as in infrastructure investment giving rise to a public 

goods problem. Field experiments conducted in Cambodia (see Chapter 5) suggest that existing 

institutions may respond to scarcity and vice versa. If the community has a functioning water 

system initially and a high level of cooperation, prosperity can be created, which facilitates 

further investments in water infrastructure, fostering cooperation further. If the community has 

a poorly functioning water system initially featuring resource scarcity, cooperation is relatively 

costly, undermining investments in water infrastructure, potentially giving rise to an 

institutional trap. Model results confirm these observations from field evidence, but also show 

that if social capital is stronger, the institutional trap can be overcome, and prosperity can be 

created. These findings are in line with what has been shown for the case of a forest self-

governance in Ethiopia (Rustagi et al. 2010). Findings in Chapter 3 explain further that 

institutional arrangements may respond to scarcity due to the presence of conditional 

cooperators. Under high scarcity, violating norms is lucrative, and the cost of doing so depends 

on the cooperative attitude of others. Conditional cooperators respond to their social 

environment accordingly depending on whether cooperation is common or rare (Traxler and 

Spichtig 2011), and in particular the level of contributions by others (Frey and Meier 2004).  

Chapter 4 takes a step further by studying the evolution of cooperation between two 

communities who share water as a common-pool resource and infrastructure as a public good. 
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The results show that cooperation cannot be maintained when the public good is present, unless 

a reputation mechanism is in place. Further, the model results show that higher system 

productivity resulted from increased cooperation in the upstream community leads to more 

cooperation in the downstream community as well as higher welfare overall, but only in the 

presence of social interactions between communities. If cooperation in the downstream is 

enhanced, however, it does not translate into more cooperation in the upstream. Previous studies 

considering the combined problem of public good provision and common-pool resource 

extraction conclude that the presence of public goods could serve as economic interdependency 

and a unified purpose that may thus allow cooperation to sustain  (Solstad and Brekke 2011; 

Botelho et al. 2015). When the interactions are studied at multiple levels (between and within 

communities), as in Chapter 4, I find that this is not the case. This chapter highlights the tension 

to cooperate within and between communities of resource users, and that cooperation in both 

communities depends on social structure and characteristics that enable learning within and 

across communities.  

 
Chapter 5 is based on lab-in-the-field experiments in Cambodia, in which real field users of 

common-pool resources face two institutional choices: one resembles their existing informal 

institution in which the enforcement is weak, while the other resembles a more centralized 

enforcement mechanism in which enforcement is strict but costly. In the latter, this resembles 

a governance system of a farmer organization, the so-called Farmer Water User Community, 

which self-governs the small-scale irrigation system in the study area. Findings from Chapter 5 

show a broad support for the costly institution, and even more so if players had been exposed 

to resource scarcity in the past, implying that individual experience about prior exposure to 

scarcity may have a connection with support for management institutions.  

 
One of the main objectives of the thesis is to disentangle the multiplicity of interactions between 

scarcity and contextual factors and its effects on cooperation through the lens of institutions. 

Combining evolutionary agent-based model and field experiments, I find that scarcity may 

interact with key variables in the field such as inequality (Chapter 2), individual experience 

(Chapter 5) and preferences (Chapter 3), to affect cooperation. Methodologically, the 

interacting effects could well explain why a single approach to the study of scarcity and 

cooperation may not provide a complete picture of its rich dynamics in a small-scale social-

ecological system. This thesis brings stylized facts generated through findings from field 

experiments, and tests them in the modelling setting to gain deeper understanding how social 
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dynamics, institutions, and scarcity affect each other (Chapter 3). At the same time, theoretical 

results from the model were also tested in the field (Chapter 5). Through this combination of 

approaches, thematically, overall the thesis shows that scarcity undermines cooperation, 

especially when resource users are heterogeneous (Chapter 2 & 3). This s especially the case 

when agents are assumed to be unconditional cooperators (Chapter 2), and that the institution 

may interact with scarcity by creating a path-dependency—if the system has a poorly 

functioning system which features scarcity and low cooperation initially, it remains trapped and 

is unable to evolve (Chapter 3). However, both field evidence and the modeling results suggest 

that conditional cooperation could be beneficial for institution to prosper by further facilitating 

cooperation under scarcity. 

 
Another objective of the thesis is to understand better the dynamics of coupled social dilemmas 

among resource users who jointly harvest water as a common-pool resource, while at the same 

time rely on joint effort for its production, such as investing in a shared water infrastructure. 

Previous studies establish that coupling the public good to cooperative resource extraction can 

foster cooperation, though some individuals may take a larger share in providing (Botelho et al. 

2015; Solstad and Brekke 2011). An open question is how or why the public good is provided 

by some agents in the first place. The model results (Chapter 3) suggest that if the community 

is largely comprised of low contributing agents in the first place, and faces initial scarcity, the 

system cannot evolve and remains trapped in the regime of low contribution to the public good 

which thus leads to a collapse of cooperation. So if climate change causes scarcity to increase, 

will resource users be able to join hands and contribute to the public good? I find that if not 

enough number of agents contribute to the maintenance of the infrastructure, water cannot be 

stored in the system, leaving everyone worse off. The results suggest that conditional 

cooperation could be key to overcoming such an institutional trap. Conditional cooperation can 

mitigate initial scarcity and further facilitate the contribution to the public good and hence 

cooperation in the common pool resource. Chapter 4, however, identifies a further challenge if 

the resource is shared between two communities. Even if the public good is provided from a 

joint effort by members in both communities, cooperation in one community does not directly 

spread to the other. This is especially true when one community has an advantage over the other 

in terms of resource access, which is typically the case in a small-scale irrigation system. For a 

self-governing system between communities, contextual variables such as social capital and 

social networks could play a role in promoting cooperation. 
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Overall, the findings from this thesis have two implications for researchers and practitioners. 

First, when evaluating the impacts of climate change on the self-governance of a common 

resources, it is important to consider institutional configurations which may respond to scarcity, 

potentially aggravating or moderating scarcity, depending on characteristics and structure of 

the social system. Second, the findings caution against considering social dilemma in common 

pool resources and public goods management in isolation, as the unfolding dynamics emerged 

from the interaction between the two may be very different than if considered alone.  Further, 

the findings suggest that having experienced scarcity in the past may create public support for 

institutional change, which is observed in the field work, but have not been formalized in a 

model yet.  

  

6.3. Limitations, and future research 

 
While part of the model assumptions and results in this thesis are informed by field experiments, 

many findings in this thesis are theoretically grounded. The lack of empirical grounding of the 

model work limits predictions about what we will observe in the field. The next step would be 

to bring the model predictions and test them in the field, by, for example, conducting 

experiments. Previous experiments focus on either the role of inequality and heterogeneity of 

users or the role of scarcity on cooperation, but rarely both combined. Further, while theoretical 

models on coupled social dilemmas of common-pool resource and public good are rarely 

studied, potentially due to its complexity, the field experiments that incorporate the interactions 

between the two also remain unexplored. To date, Botelho et al. (2015) have tested such setting 

in the lab by simplifying the games to a great extent. Conducting such experiments in the field 

with a similar setup would thus enhance our understanding of the nature of the complex social 

and resource dynamics in the field. Finally, while the experiments in this thesis (Chapter 5) 

mimic the institutional settings that may resemble the type of institution available in the study 

area, the roles of scarcity are not directly incorporated in the games. An experimental setting 

that allows for the analysis that can reveal to what extent and which types of institution the real 

resource users may support under experimentally-controlled scarcity would be an exciting next 

step to inform sustainable resource management under climate change. 
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Summary 

 

Worldwide, water governance is facing pressing challenges due to climate change. A small-

scale irrigation system is thus no exception in this regard. An irrigation system is part of a 

social-ecological system (SES), in which the interactions between the subsystems are complex 

and nonlinear. The sustainability of such a system depends largely on the self-organizing 

capacity of resource users for collective action, for example by cooperating. This thesis focuses 

on a small-scale SES, namely an irrigation system which consists of the resource (water), water 

users (farmers), and the governance system (informal and formal institutions). I use 

evolutionary agent-based models and field experiments to analyzes under what conditions, and 

with which institutional mechanisms cooperative arrangements can be established and 

maintained under climate change.  

 
This thesis consists of six chapters. In Chapter 1 I describes the general societal and academic 

problem which lead to the scientific research questions. Further, I describe the contribution of 

the thesis to the current literature, and reflect on the research methods used in the thesis. In 

Chapter 2, I analyse how resource scarcity interacts with inequality and affects the emergence 

and stability of cooperative arrangements, using an evolutionary agent-based model. Findings 

in Chapter 2 show that social norms of cooperation may collapse in times of resource scarcity, 

and the dynamics are mediated by inequality and heterogeneity of users. This is especially the 

case if social capital and peer enforcement are weak. Thus, to understand better how climate 

change may affect the resilience of cooperative resource arrangements, the interactions between 

inequality and the role of institution in moderating scarcity needs to be considered.  

 
Chapter 3 investigates the role of scarcity further by looking at how it interacts with institutions, 

and affects cooperation among resource users who face coupled collective action problems. In 

particular, I consider the case where users are confronted with the social dilemma of common-

pool resource extraction, as well as the public goods problem of investing in water  

infrastructure. Field experiments conducted in Cambodia suggest that existing institutions may 

respond to scarcity and vice versa. If the community has initially a functioning water system 

and a high level of cooperation, prosperity can be created, which facilitates further investments 

in water infrastructure, fostering cooperation further. If the community has initially a poorly 

functioning water system featuring resource scarcity, cooperation is relatively costly, 

undermining investments in water infrastructure, potentially giving rise to an institutional trap. 
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Model results confirm these observations from field evidence, but also show that if social 

capital is stronger, the institutional trap can be overcome, and prosperity can be created. 

Findings in Chapter 3 explain further that institutional arrangements may respond to scarcity 

due to the presence of conditional cooperators. The findings also caution against considering 

social dilemmas in common pool resources and contribution to public goods in isolation, as the 

unfolding dynamics emerging from the interactions between the two coupled dilemmas may be 

very different than if considered alone.   

 
Chapter 4 takes a step further by studying the evolution of cooperation between two 

communities who share water as a common-pool resource and infrastructure as a public good. 

The results show that cooperation cannot be maintained when the public good is present, unless 

a reputation mechanism is in place. Further, the model results show that higher system 

productivity due to increased cooperation in the upstream community leads to more cooperation 

in the downstream community as well as higher welfare overall, but only in the presence of 

social interactions between communities. If cooperation in the downstream is enhanced, 

however, it does not translate into more cooperation in the upstream. This chapter highlights 

the tension to cooperate within and between communities of resource users, and that 

cooperation in both communities depends on social structure and characteristics that enable 

learning within and across communities.  

 
Chapter 5 is based on lab-in-the-field experiments in Cambodia, in which real field users of 

common-pool resources face two institutional choices: one resembles their existing informal 

institution in which the enforcement is weak, while the other resembles a more centralized 

enforcement mechanism in which enforcement is strict but costly. In the latter, this resembles 

a governance system of a farmer organization, the so-called Farmer Water User Community, 

which self-governs the small-scale irrigation system in the study area. Findings from Chapter 5 

show a broad support for the costly institution, and even more so if players had been exposed 

to resource scarcity in the past, implying that individual experience about prior exposure to 

scarcity may have a connection with support for management institutions.  
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