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La question fondamentale à laquelle sont confrontés les économistes et les écologistes est
de savoir comment promouvoir de manière adéquate les comportements individuels fa-
vorables à l’environnement (c’est-à-dire motiver les gens à protéger leur environnement
local ou à lutter contre le changement climatique mondial). En ce sens, diverses études
théoriques et empiriques ont été élaborées pour expliquer comment les incitations moné-
taires (par exemple, les taxes, les subventions, etc.) ainsi que les incitations sociales (par
exemple, l’influence sociale, les normes, etc.) pourraient contribuer à motiver les individus
à adopter un comportement favorable à la durabilité environnementale. Dans le monde
actuel, chacun est lié à plusieurs types de réseaux sociaux (par exemple, un réseau de
famille, d’amis, de parents, de voisins, de collègues, etc.). En raison de ces liens, l’influence
des pairs pourrait être utilisée pour motiver les individus à adopter un comportement cible
(Thaler and Sunstein, 2008). Il est donc crucial de comprendre comment les incitations so-
ciales (par exemple, les normes sociales, la comparaison sociale, les coups de coude, etc.)
et la structure du réseau pourraient contribuer à promouvoir et à maintenir les comporte-
ments pro-environnementaux des individus.

Dans cette perspective, ce mémoire contribue à l’analyse du rôle du réseau et de son
impact sur les comportements pro-environnementaux de manière théorique et expérimen-
tale. Dans le premier chapitre de cette thèse, nous utilisons la méthode de la méta-analyse
pour donner un aperçu de la force et de la pertinence de plusieurs facteurs d’incitation
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sociale, comme l’influence sociale, le réseau et la confiance, sur les comportements pro-
environnementaux des individus. Dans les deux chapitres suivants, nous développons des
modèles théoriques pour étudier l’importance du réseau face à la nécessité d’encourager
la conservation des ressources dans un jeu de ressources communes. Plus spécifiquement,
dans le chapitre 2, nous étudions comment la comparaison sociale d’assimilation dans un
réseau (c’est-à-dire que les personnes modifient leurs comportements afin de minimiser
la différence/distance entre elles et les autres) pourrait avoir un impact sur les comporte-
ments des individus dans un jeu de ressources communes. Si le réseau du chapitre 2 est
supposé être exogène (c’est-à-dire que le réseau est donné ou formé par le planificateur
social central), au chapitre 3, nous analysons ensuite les impacts de l’influence sociale sur
les comportements des individus dans un réseau endogène (c’est-à-dire que le réseau est
formé par les individus eux-mêmes). Comme chaque agent doit payer un coût pour initier
un lien avec d’autres, un lien peut être établi si et seulement si la condition de liaison est
satisfaite (c’est-à-dire que le coût de la liaison est au moins inférieur ou égal à l’avantage
pour les pairs).

Au chapitre 4, nous utilisons les données d’une expérience contextualisée en labora-
toire sur le terrain dans le nord du Vietnam pour tester nos résultats théoriques. En par-
ticulier, nous étudions le rôle de la comparaison sociale (c’est-à-dire l’investissement dans
l’agriculture biologique du groupe moyen) et du coup de pouce informationnel (c’est-
à-dire l’information sur l’investissement socialement optimal de leurs voisins et d’eux-
mêmes) dans différentes structures de réseau (par exemple, réseau vide, en étoile, en cer-
cle ou complet) sur les décisions des agriculteurs en faveur de l’agriculture biologique.
Enfin, le chapitre 5 étudie les préférences des agriculteurs pour l’agriculture biologique
en utilisant la méthodologie de « l’expérience du choix discret » avec les agriculteurs du
nord du Vietnam. En particulier, nous mesurons comment divers facteurs liés ou non au
marché, notamment le rôle du réseau (par exemple, l’agriculteur du quartier pratiquant
l’agriculture biologique), le contrat de vente, la formation et les conseils techniques, le
rôle du chef (par exemple, les chefs formels ou/et informels pratiquant l’agriculture bi-
ologique) et le logo avec un code traçable, pourraient influencer les décisions des agricul-
teurs dans l’adoption de l’agriculture biologique.

Les résultats tant théoriques qu’expérimentaux suggèrent que le réseau joue un rôle
important dans l’encouragement des comportements pro-environnementaux. Plus pré-
cisément, les politiques publiques, qui visent à promouvoir l’émergence de comporte-
ments pro-environnementaux, ne devraient pas se baser uniquement sur des subventions
mais aussi plus essentiellement sur l’information donnée aux individus. Par exemple,
il est essentiel que les individus comprennent bien l’importance de leurs liens sociaux,
car un réseau de voisins et/ou d’amis peut être une source précieuse de connaissances,
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d’informations et de motivations qui contribue à encourager et à soutenir les comporte-
ments pro-environnementaux des individus (Van Campenhout et al., 2017). Nos résultats
du réseau endogène indiquent également qu’un faible coût de connexion est nécessaire
pour encourager la connexion au réseau et contribue ainsi à promouvoir la conservation
des ressources. Les décideurs politiques et les individus eux-mêmes devraient donc tou-
jours essayer d’établir un canal permettant aux individus de promouvoir les liens entre
individus.

Toutefois, un faible coût de mise en relation peut contribuer à promouvoir la connex-
ion au réseau, mais dans un réseau où chacun peut observer pleinement les comporte-
ments des autres, le fait de fournir aux individus la comparaison sociale (informations
sur leur comportement moyen au sein du groupe/réseau) n’a pas d’impact significatif
sur leurs comportements pro-environnementaux. En réalité, il est toujours très difficile
d’observer la structure réelle du réseau, et les individus ne peuvent normalement pas ob-
server pleinement les comportements, les actions ou les décisions de leurs voisins. Dans
cette situation, fournir une comparaison sociale aux individus pourrait stimuler l’auto-
évaluation ainsi que la concurrence, et pourrait donc contribuer à les inciter à se comporter
positivement envers les comportements pro-environnementaux (Festinger, 1954).

Notre modèle théorique suggère également que nous pouvons promouvoir efficace-
ment la conservation des ressources communes en encourageant l’assimilation de la com-
paraison sociale dans les réseaux centralisés (comme un réseau en étoile) par rapport aux
réseaux décentralisés (comme un cercle ou un réseau complet). Cela signifie que dans un
monde social, où un agent central peut jouer un rôle dans la motivation des autres (par
exemple, un leader, une personne influente), encourager la comparaison d’assimilation
ainsi que motiver le rôle de l’agent central pourrait aider à promouvoir de manière sig-
nificative la conservation des ressources communes. Outre les relations entre individus,
les décideurs politiques devraient également prendre en compte le rôle de "leader envi-
ronnemental" qui fait le premier pas dans la création d’une prise de conscience, d’une
sensibilisation et d’une action en faveur de la protection de l’environnement (Akiyama
et al., 2013). Parce qu’un responsable environnemental pourrait jouer un rôle d’exemple
et de modèle pour les autres, il ou elle pourrait donc contribuer à pousser efficacement les
individus vers un environnement plus durable.

Notre analyse révèle que le traitement "comparaison sociale et coup de pouce infor-
mationnel" a un impact positif sur la décision de l’agriculteur d’investir dans l’agriculture
biologique, quel que soit le type de réseau. Ce résultat suggère donc que les décideurs poli-
tiques devraient rappeler aux agriculteurs, en temps utile, non seulement l’importance de
l’agriculture biologique, mais aussi l’investissement biologique socialement optimal (c’est-
à-dire le coup de pouce à l’information), car il peut contribuer à sensibiliser les agriculteurs
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à l’agriculture biologique et les aider à respecter leurs engagements et leurs calendriers
(Fabregas et al., 2019). Elle les incite donc à combler le fossé entre leurs intentions et leurs
actions.
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The fundamental issue faced by both economist and environmentalist scholars is how to
adequately promote individual pro-environmental behaviors (i.e., motivating people to
either protect their local surrounding environment or fight against global climate change).
In this sense, a variety of theoretical and empirical studies has been developed to explain
how monetary (e.g., tax, subsidy, etc.) as well as social incentives (e.g., social influence,
norms, etc.) could help to motivate individuals to behave toward environmental sustain-
ability. In a more and more connected world today, everyone is linked to a social network
(e.g., a network of family, friends, relatives, neighbors, co-workers, etc.). Since individuals
are linked to each other, peer influence could be used to motivate individuals to perform
a target behavior (Thaler and Sunstein, 2008). It is therefore crucial to understand how so-
cial incentives (e.g., social norms, social comparison, nudges, etc.) and network structure
could help to promote and to sustain individuals’ pro-environmental behaviors.

In this perceptive, this dissertation contributes to the analysis of the role of network
and its impact on pro-environmental behaviors in both theoretical and experimental ways.
In the first chapter of this dissertation, we use the meta-analysis method to provide in-
sights into the strength and relevance of several social incentive factors, including social
influence, network and trust, on individuals’ pro-environmental behaviors. In the follow-
ing two chapters, we develop theoretical models to investigate the role of network struc-
ture in encouraging the resource conservation in a common pool resource game. More
specifically, in Chapter 2, we study how network and assimilation social comparison (i.e.,
ones change their behaviors in order to minimize the difference/distance between them
and others) could impact individuals’ behaviors in a common pool resource game. If the
network in Chapter 2 is assumed to be exogenous (i.e., network is given or formed by the
central social planner), in Chapter 3, we then analyze the impacts of social influence on
individuals’ behaviors in an endogenous network (i.e., network is formed by individuals



themselves). Since each agent has to pay a cost to initiate a link with others, a link can be
established if and only if the linking condition is satisfied (i.e., the cost of linking is at least
less than or equal to the peer benefit).

In Chapter 4, we use a data from a contextualized lab-in-the-field experiment in North-
ern Vietnam to test our theoretical results. In particular, we investigate the role of social
comparison (i.e., the average group’s organic investment) and information nudge (i.e.,
information about the socially optimal investment of their neighbors and themselves) in
different network structures (e.g., empty, star, circle or complete network) on farmers’
decisions in organic farming investment. Finally, Chapter 5 studies farmers’ preferences
toward organic farming using discrete choice experiment with also farmers in Northern
Vietnam. In particular, we aim to measure how various market and non-market factors
including role of network (i.e., neighborhood farmer doing organic farming), sale con-
tract, training and technical advice, role of leader (i.e., formal or/and informal leaders
doing organic farming) and logo with traceable code could influence farmers’ decisions in
adopting organic farming.

The both theoretical and experimental results suggest that the network plays an im-
portant role in encouraging the pro-environmental behaviors. More specifically, public
policies, which aim to promote the emergence of pro-environmental behavior, should not
be based only on subsidies but also more essentially on information given to individu-
als. For instance, it is crucial for individuals to understand well the importance of their
social links since for example, a network of neighbors or/and friends could be a valuable
source of knowledge, information and motivations that helps to incentivize and sustain in-
dividual’s pro-environmental behaviors (Van Campenhout et al., 2017). Our results of the
endogenous network also indicate that a low cost of linking is necessary to encourage the
network connection and thus it helps to promote resource conservation. Policymakers and
individuals themselves should therefore always try to establish a channel for individuals
to promote individual-to-individual links.

However, a low cost of linking can help to promote the network connection, but in
a network where everyone can fully observe others’ behaviors, providing individuals the
social comparison (information about their average group/network behavior) has no sig-
nificant impact on their pro-environmental behaviors. In reality, it is always very difficult
to observe the actual network structure, and individuals cannot fully observe the behav-
iors, actions or decisions of their neighbors. In this situation, providing information that
encourages the social comparison to individuals could stimulate self-evaluation as well
as competition, and could thus help to incentivize them to behave positively towards the
environment (Festinger, 1954).

Our theoretical model also suggests that we can effectively promote the common pool



resource conservation by encouraging the assimilation social comparison in a centralized
network (like a star network) compared to decentralized networks (like a circle or com-
plete network). This means that in a social world, where there is a central agent who can
plays a role in motivating others (e.g., a leader, an influencer or an influential person), en-
couraging the assimilation comparison as well as motivating the role of the central agent
could help to significantly promote the common resource conservation. Therefore, in ad-
dition to individual-to-individual relationships, policymakers should also take the role of
“environmental leader” who takes the first step in creating consciousness, awareness and
action on protecting the environment into account (Akiyama et al., 2013). This is because
an environmental leader could play a role as an example and model to others, he or she
could therefore help to effectively drive individuals toward a more sustainable environ-
ment.

Our analysis reveals that the treatment “social comparison and information nudge"
can positively influence farmers’ decisions in adopting organic farming regardless of the
types of network. This result therefore suggests that policymaker should provide farm-
ers timely reminders about not only the importance of organic agriculture but also the
socially optimal organic investment (i.e., information nudge) since it can help to increase
farmers’ awareness about organic agriculture and to help them to maintain commitments
and schedules (Fabregas et al., 2019). As a result, it helps to nudge them towards bridging
the gap between their intentions and their actions.
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Chapitre 0

Introduction

0.1 Motivation de la thèse

La compréhension du comportement individuel est non seulement importante en sociolo-
gie, en psychologie et en marketing, mais aussi un objectif fondamental des économistes
et des environnementalistes. La question fondamentale à laquelle sont confrontés les
économistes et les environnementalistes est de savoir comment promouvoir de manière
adéquate un "comportement pro-environnemental" (par exemple, comment motiver efficace-
ment les gens à protéger leur environnement local ou à lutter contre le changement clima-
tique mondial). "Comportement pro-environnemental" fait référence à un comportement qui
pourrait soit bénéficier à l’environnement, soit nuire à l’environnement, mais le moins pos-
sible (Steg and Vlek, 2009). En ce sens, divers modèles théoriques et travaux empiriques
ont été élaborés pour étudier l’impact des incitations monétaires et non monétaires (c’est-
à-dire sociales) sur les comportements individuels pro-environnementaux (Kollmuss and
Agyeman, 2002; Clark et al., 2003; Allcott and Rogers, 2014; Diederich and Goeschl, 2014;
Lazaric et al., 2019; Schwartz et al., 2020). De nombreuses études ont prouvé que les incita-
tions tant monétaires que sociales pouvaient avoir un impact significatif sur le comporte-
ment individuel pro-environnemental. Par exemple, l’octroi de paiements (i.e., paiements
pour des services écosystémiques, programme agroenvironnemental, etc.) (Espinosa-Goded
et al., 2010; Robert and Stenger, 2013; Krawczyk et al., 2016), le feedback social (i.e., le rap-
port sur la consommation des ménages) (Allcott and Rogers, 2014; Brülisauer et al., 2020)
ou des coups de coude (Schubert, 2017; Lefebvre and Stenger, 2020) pourrait contribuer
à encourager les gens à protéger l’environnement en consommant moins d’énergie, d’eau
ou en recyclant davantage, etc..

Toutefois, le fait de se concentrer sur des incitations monétaires ou sociales lorsqu’on
aborde des questions environnementales peut soulever plusieurs problèmes: par exem-
ple, une personne qui prend une mesure pour atténuer son sentiment d’obligation de
contribuer à l’amélioration de la qualité de l’environnement peut ensuite ne pas prendre
d’autres mesures lorsqu’elle se rend compte que les autres ne coopèrent pas. On pourrait
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définir cela comme un biais d’action unique. En outre, pour la plupart des questions envi-
ronnementales (par exemple, la biodiversité, la déforestation, l’énergie, etc.), il est néces-
saire d’avoir de nombreux individus, mais le plus souvent au sein d’une même zone, qui
adhèrent à un programme de conservation afin d’atteindre un seuil nécessaire (propor-
tion d’individus dans le réseau) au-dessus duquel un effet positif du programme peut se
produire. Ainsi, plusieurs études suggèrent que les facteurs de réseau peuvent également
être utilisés pour promouvoir des "comportements pro-environnementaux collectifs", qui
sont des comportements pris ensemble par un groupe d’individus et incluant la société
dans son ensemble (c’est-à-dire des actions collectives) pour atteindre un objectif environ-
nemental (Gouu, 1993; Van Laerhoven, 2010).

Ces dernières années, le concept de “réseau social et économique" (par exemple, la
manière dont la structure du réseau affecte les comportements) a été développé et a at-
tiré beaucoup plus d’attention des décideurs politiques ainsi que des chercheurs (Jackson,
2010; Jackson et al., 2017). Notez que la structure de réseau ou structure sociale est une
structure composée d’acteurs sociaux (par exemple, des individus ou des organisations)
et de liens/attaches sociaux (c’est-à-dire des interactions ou des connexions entre acteurs)
(Marsden and Lin, 1982; Scott, 1988). Par exemple, dans leurs études, les auteurs ont
montré que les décisions des individus dans l’exécution d’un comportement/d’une action
pouvaient donc être influencées collectivement par les comportements des autres dans un
réseau (c’est-à-dire les comportements collectifs) (Bramoullé et al., 2007; Jackson, 2010).
En outre, plusieurs études, qui ne sont pas liées aux réseaux, ont également indiqué qu’au
lieu de prendre une décision indépendante, les individus considèrent souvent l’utilité des
autres et les prennent en compte dans leur processus de décision (c’est-à-dire en tenant
compte des préférences “autres") (Bolton and Ockenfels, 2000; Grund et al., 2013). D’autres
études ont également suggéré que les humains se soucient réellement des autres, en par-
ticulier lorsqu’ils sont liés à d’autres personnes dans un réseau (par exemple, un réseau
d’amis, de collègues, de voisins, etc.) (Dufwenberg et al., 2011; Grund et al., 2013). Par
conséquent, le rôle des réseaux pourrait être considéré comme un facteur important, qui
peut être utilisé pour motiver les individus à adopter un comportement positif vis-à-vis
de l’environnement (c’est-à-dire des comportements pro-environnementaux).

Ces dernières années, plusieurs études ont été menées pour étudier le rôle des réseaux
dans la promotion de comportements pro-environnementaux : comment l’interaction so-
ciale dans les réseaux (c’est-à-dire l’interaction des uns avec les autres dans un réseau)
pourrait affecter les comportements des agriculteurs en cas de restriction des pratiques
intensives (Polman and Slangen, 2008); comment le partage d’informations et les mes-
sages environnementaux par le biais du réseau pourraient encourager la conservation des
ressources (Mantilla, 2015; Barnes et al., 2016; Mekonnen et al., 2017); et si les individus
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qui se soucient les uns des autres (c’est-à-dire les préférences des autres) pourraient in-
fluencer les intentions des individus de participer ou non à des groupes environnemen-
taux (Cho et al., 2013; Cho and Kang, 2017). Toute cette littérature existante suggère que
les réseaux pourraient donc jouer un rôle important en incitant les individus à se com-
porter de manière positive envers la durabilité environnementale. Bien que plusieurs
recherches aient été menées pour étudier le rôle des réseaux sur les comportements pro-
environnementaux des individus, il reste encore de nombreuses questions que la littéra-
ture existante a laissées ouvertes. En d’autres termes, alors que la majorité des études
existantes se sont concentrées sur la manière dont l’interaction sociale et l’information
par le biais des réseaux pourraient motiver le changement de comportement individuel,
une poignée de recherches étudie comment le fait de fournir des incitations sociales (par
exemple, comparaison sociale, encouragement à l’information, etc.) aux individus dans
différentes structures de réseau pourrait effectivement encourager leurs comportements
pro-environnementaux. Par conséquent, l’objectif principal de cette thèse est de fournir
un aperçu des impacts des incitations sociales dans les réseaux sur les comportements
pro-environnementaux individuels.

En outre, si certaines études ont déjà porté sur les changements de résultats environ-
nementaux liés à des modifications de la structure des réseaux, peu d’attention a été ac-
cordée aux effets des comportements pro-environnementaux individuels sur l’émergence
des réseaux. La théorie du "principe de l’homophilie" indique que les individus qui se
comportent de manière similaire ont tendance à vivre dans une même forme de société
en raison de la sélection sociale (c’est-à-dire des individus ayant des caractéristiques sim-
ilaires telles que, même ethnicité, sexe, race, âge et statut social) (McPherson et al., 2001).
En conséquence, l’offre d’incitations sociales par le biais des réseaux pourrait faire en sorte
que des personnes qui ne sont pas (ou qui étaient déjà) dans la communauté auparavant
puissent être influencées par d’autres et décider d’entrer (ou de sortir) du réseau ou de la
communauté. Par conséquent, si le changement de comportement individuel a également
un impact sur l’émergence des réseaux, il est important d’étudier comment les incitations
sociales dans le réseau exogène (c’est-à-dire la structure du réseau est donnée) et dans le
réseau endogène (c’est-à-dire la structure du réseau n’est pas donnée et les individus peu-
vent décider avec qui ils formeront un lien) pourraient aider à promouvoir et à maintenir
le comportement pro-environnemental.

En résumé, cette thèse vise à contribuer à la littérature existante en étudiant en pro-
fondeur les impacts des incitations sociales dans les réseaux et leur impact sur les com-
portements pro-environnementaux, y compris la conservation des ressources et l’investissement
dans l’agriculture biologique. En particulier, nous nous concentrons sur l’analyse des im-
pacts des incitations sociales dans différents réseaux exogènes (par exemple, réseau en
étoile, en cercle et complet) et endogènes (c’est-à-dire que la structure du réseau n’est pas
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donnée) de manière théorique et empirique. Nous développons des modèles théoriques
pour étudier les comportements individuels dans un jeu de ressources communes qui
prend en compte à la fois le réseau exogène (c’est-à-dire que le réseau est donné ou formé
par le planificateur social central) et le réseau endogène (c’est-à-dire que le réseau est
formé par les individus eux-mêmes). Nous effectuons également une expérience contex-
tualisée de laboratoire sur le terrain (lab-in-the-field) et une application de la méthode
des choix discrets pour étudier comment la promotion des réseaux ainsi que la fourni-
ture de différents types d’incitations sociales (par exemple, la comparaison sociale et les
informations) dans différents types de réseaux (par exemple, cercle, étoile, réseau com-
plet, etc.) pourraient avoir un impact sur le comportement individuel dans l’adoption de
l’agriculture biologique. Ces questions sont étudiées plus spécifiquement dans les cinq
chapitres suivants.

• Le chapitre 1 donne un aperçu de la force et de la pertinence de plusieurs facteurs
d’incitation sociale dans la promotion d’un comportement pro-environnemental. En
particulier, nous avons utilisé une méta-analyse pour évaluer l’efficacité de sept
groupes d’incitations sociales : l’influence sociale interne et externe, les facteurs liés
aux réseaux, notamment la taille des réseaux, les connexions et le leadership des
réseaux et la confiance, notamment la confiance dans les institutions et la confiance
dans les autres, qui peuvent promouvoir un comportement favorable à l’environnement.

• Le chapitre 2 étudie théoriquement le rôle de la comparaison sociale dans différentes
structures de réseau pour encourager le comportement individuel de conservation
dans un jeu de ressources en commun (c’est-à-dire le RPC). Plus précisément, nous
étudions comment l’assimilation dans la comparaison sociale (c’est-à-dire le change-
ment de comportement afin de s’intégrer à un groupe) dans différentes structures de
réseau, y compris un réseau vide, une étoile, un cercle et un réseau complet, pourrait
aider à promouvoir la conservation des ressources de la réserve commune.

• Le chapitre 3 étudie théoriquement comment l’influence sociale (c’est-à-dire la con-
servation des ressources du quartier) dans la situation de réseau endogène (c’est-
à-dire que le réseau est formé par les individus eux-mêmes) pourrait avoir un im-
pact sur les comportements individuels dans un jeu de ressources communes. Dans
notre modèle, les agents doivent choisir simultanément leur niveau d’effort pour
extraire la ressource et le nombre de voisins à relier afin de maximiser leurs gains.
Ainsi, puisque le réseau est endogène, il est intéressant d’observer à quel niveau
d’influence sociale, de coût de liaison et de taille du réseau, le système d’un jeu de
RPC (c’est-à-dire l’équilibre entre l’extraction et la connexion au réseau) sera locale-
ment stable (conservation durable) et instable (destruction de la RPC).

• Le chapitre 4 explore le rôle de la comparaison sociale (c’est-à-dire l’information sur
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l’investissement en agriculture biologique moyen du groupe) et du coup de pouce
informationnel (c’est-à-dire l’information sur l’investissement socialement optimal
de leurs voisins et d’eux-mêmes) dans différentes structures de réseau (p. ex. réseau
vide, étoile, cercle et réseau complet) sur les décisions des agriculteurs d’investir
dans l’agriculture biologique par le biais d’une expérience contextualisée de labora-
toire sur le terrain dans le nord du Vietnam.

• Le chapitre 5 étudie les préférences des agriculteurs pour l’agriculture biologique
en utilisant une expérience de choix discret avec des agriculteurs du nord du Viet-
nam. En particulier, nous mesurons comment divers facteurs liés au marché (no-
tamment le contrat de vente et le logo avec un code traçable) et facteurs non liés
au marché (notamment le rôle des réseaux (c’est-à-dire l’agriculteur de quartier pra-
tiquant l’agriculture biologique), la formation et les conseils techniques, le rôle de
leader (c’est-à-dire les leaders formels et/ou informels pratiquant l’agriculture bi-
ologique)) pourraient influencer les décisions des agriculteurs dans l’adoption de
l’agriculture biologique.

0.2 Incitations sociales dans la promotion de comportements pro-
environnementaux

Les incitations sont utilisées pour motiver les individus à se comporter d’une manière so-
cialement souhaitable. Du point de vue de l’économie de l’environnement, il existe deux
types d’incitations différentes : les incitations monétaires et les incitations non monétaires.
Par exemple, la taxe pigouvienne est une incitation monétaire (c’est-à-dire économique),
développée par Pigou en 1920, qui est utilisée pour encourager les pollueurs à réduire
leurs émissions polluantes (Baumol, 1972). De même, le système de plafonnement et
d’échange est également une incitation monétaire, qui est utilisée pour inciter les acteurs
polluants à réduire leurs émissions en fournissant aux entreprises un plafond/un quota
initial sur les émissions de gaz à effet de serre ainsi qu’en leur permettant d’acheter ou de
vendre leurs quotas. La littérature existante suggère que les incitations monétaires pour-
raient inciter fortement les particuliers ou les secteurs privés à économiser de l’argent en
réduisant leurs émissions (Schmalensee and Stavins, 2017).

Toutefois, en réalité, la mise en œuvre des incitations monétaires se heurte également
à de nombreuses difficultés. Le premier problème, rencontré par les économistes lors de
l’élaboration de divers instruments et réglementations en matière de pollution, est la con-
trainte d’information. Par exemple, dans le cas de la pollution "diffuse" (c’est-à-dire la pol-
lution de source non ponctuelle), il est très difficile d’observer parfaitement les émissions
produites par les différents acteurs polluants (O’Shea, 2002). Par conséquent, plusieurs
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études ont indiqué que la mesure précise des émissions est très coûteuse, voire impos-
sible. Deuxièmement, l’effet des politiques monétaires n’est pas toujours durable à long
terme (Ashenmiller, 2011; Lefebvre and Stenger, 2020). Plusieurs études ont montré que
les programmes de conservation de l’environnement ne peuvent pas être facilement réal-
isés s’ils ne tiennent pas compte des facteurs sociaux (par exemple, l’influence sociale, les
normes, etc.) ainsi que des facteurs socio-psychologiques individuels (par exemple, les
attitudes à l’égard des comportements pro-environnementaux ou la préoccupation con-
cernant les impacts négatifs de l’environnement, etc. (Pelletier et al., 1999). Par exemple,
les gens peuvent ne pas continuer à faire plus d’efforts pour protéger l’environnement (par
exemple, recycler, économiser l’énergie, etc.) s’ils constatent que leurs voisins ou amis ne
le font pas (Kollmuss and Agyeman, 2002; Thomas and Sharp, 2013).

C’est depuis plus récemment en économie que les incitations non monétaires ou so-
ciales y compris les certificats, les labels, les réactions sociales et l’influence sociale, ont été
largement évaluées par de nombreux chercheurs (Bjørner et al., 2004; Klooster, 2005; Nolan
et al., 2008). Dans une étude, les auteurs ont montré que la certification forestière contribue
avec succès à promouvoir la gestion durable des forêts et le maintien de la biodiversité sur
124 millions d’hectares (3.2%) de forêts dans le monde (Rametsteiner and Simula, 2003). À
cet égard, les incitations sociales pourraient être considérées comme des instruments ap-
propriés et potentiels pour promouvoir la durabilité environnementale. Toutefois, dans
leur étude, les auteurs ont également fait valoir que la certification n’améliorerait pas
la compétitivité des industries qui ont déjà eu un contrôle strict de la gestion forestière
(Rametsteiner and Simula, 2003). En d’autres termes, même les bonnes politiques envi-
ronnementales qui ont déjà été mises en œuvre avec succès dans plusieurs communautés
pourraient être confrontées à un échec dans certains autres domaines. Un autre exemple
à prendre en considération est le changement climatique mondial, qui nécessite des ac-
tions collectives entre les pays pour s’attaquer au problème du climat mondial (Ostrom,
2010). Ainsi, les pays feront-ils des efforts pour réduire les émissions de gaz à effet de
serre ou seront-ils incités à profiter des comportements constructifs des pays voisins? En
d’autres termes, un objectif environnemental peut ne pas être facilement atteint si nous
ne motivons pas les gens à se comporter de manière positive et collective en faveur de la
durabilité environnementale.

Par conséquent, dans le premier chapitre, nous utilisons la méta-analyse de 125 études
existantes pour mettre en lumière la force et la pertinence de sept groupes d’incitations so-
ciales (influence sociale externe et interne, réseau y compris la taille du réseau, connexion
au réseau et leadership et confiance y compris la confiance dans les institutions et la con-
fiance dans les autres) dans la promotion des comportements pro-environnementaux.
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0.2.1 Chapitre 1 : Facteurs d’incitation sociale dans les interventions visant à
promouvoir des comportements durables : Une méta-analyse

Sur la base d’une méta-analyse, ce chapitre met en évidence la force et la pertinence de
plusieurs facteurs d’incitation sociale en ce qui concerne le comportement pro-environnemental,
notamment l’influence sociale, les facteurs liés aux réseaux (comme la taille du réseau, la
connexion au réseau et le leadership), la confiance dans les autres et la confiance dans
les institutions. En particulier, l’influence sociale interne est définie comme des motifs in-
ternes tels que les attitudes, les normes personnelles, la motivation intrinsèque ou l’auto-
évaluation/amélioration résultant du processus de concurrence sociale. L’influence so-
ciale externe est définie comme des motifs externes tels que la motivation extrinsèque,
l’attente des autres ou les normes sociales pour les individus ou la société sur ce qu’ils
doivent faire. Les facteurs de réseau comprennent la connexion au réseau (degré de con-
nexion entre les individus), la taille du réseau (nombre d’individus dans le réseau) et
le leadership (présence d’un leader dans le réseau). La connexion au réseau est le de-
gré de connexion ou la relation entre les individus et les autres, y compris les amis, les
voisins, les environnementalistes et les organisations environnementales. La taille du
réseau saisit le nombre d’amis, de voisins ou de collègues impliqués dans des actions
pro-environnementales ou des associations environnementales auxquelles les individus
participent. La présence d’un leader dans un réseau pourrait contribuer à promouvoir les
comportements pro-environnementaux de ses adeptes. La confiance comprend la confi-
ance dans les institutions (gouvernement, institutions publiques, etc.) et la confiance dans
les autres (amis, voisins, famille, etc.).

L’ensemble de données de notre étude a été construit en utilisant les bases de données
Web of Science, Google Scholar, PubMed, SagePub et ScienceDirect, ainsi que d’autres
sites web de revues pertinentes. Grâce à des recherches systématiques par mots clés, nous
avons d’abord effectué l’analyse des résumés et recueilli toutes les études empiriques, y
compris les travaux publiés et non publiés (plus de 1500 articles). Nous avons éliminé
tous les articles qui ne fournissaient pas suffisamment d’informations pour calculer les
erreurs types de la taille de l’effet (c’est-à-dire les valeurs t, les valeurs p, les intervalles
de confiance ou les niveaux de signification). Nous avons finalement obtenu 125 études
lors de la dernière étape. Ces 125 études ont abouti à 185 observations dans nos données
de méta-analyse (dans certains articles, les auteurs ont utilisé plus d’une variable sociale
pour examiner les impacts sur le comportement pro-environnemental).

Premièrement, nos résultats suggèrent que l’influence sociale est nécessaire pour l’émergence
de comportements pro-environnementaux. Plus précisément, l’influence sociale interne
(c’est-à-dire qui incite les gens à modifier leurs perceptions et leurs attitudes) est très im-
portante pour promouvoir les comportements pro-environnementaux. Outre l’influence
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sociale interne, nos résultats suggèrent également que l’influence sociale externe a un im-
pact positif sur les comportements pro-environnementaux, mais qu’elle est moins efficace
que les influences internes. Ce résultat est conforme à la littérature existante selon laque-
lle les motivations sociales internes sont meilleures que les motivations externes parce
qu’elles guident les gens à modifier leurs comportements, tandis que les influences ex-
ternes peuvent pousser les gens à effectuer une certaine action par le biais de la confor-
mité et de l’identification, mais cela ne suffit pas à les motiver à modifier leurs perceptions
et leurs attitudes à l’égard d’un comportement durable. Cette constatation implique que
les impacts d’une politique environnementale peuvent être sous-estimés si les décideurs
politiques n’incluent pas l’influence sociale dans leurs décisions concernant les questions
environnementales.

Deuxièmement, la connexion en réseau encourage les comportements pro-environnementaux,
ce qui signifie que l’efficacité d’une politique de conservation peut être améliorée si les
connexions entre les individus sont accrues. Ce résultat n’étaye pas une conjecture exis-
tante qui suppose que l’augmentation des interactions entre les individus dans une grande
structure peut être néfaste pour le comportement de conservation sociale. Enfin, la confi-
ance dans les institutions peut dicter le comportement des individus d’une manière qui
pourrait influencer la conception des politiques et générer les résultats souhaités. En
d’autres termes, le succès d’une politique environnementale dépend en grande partie de
la confiance dans les institutions par une transparence accrue, une stratégie de communi-
cation et une interaction avec les populations, etc.

0.3 Le rôle des réseaux dans la promotion d’un comportement
pro-environnemental : Approches théoriques

Plusieurs études ont démontré que les liens entre les personnes seraient liés aux liens
entre leurs comportements (Jackson, 2010; Centola, 2010; Gould et al., 2019). La littéra-
ture existante indique également que les décisions des individus peuvent être influencées
par d’autres, même sans en avoir conscience (Cialdini, 1987; Nisbet et al., 2009). Ces
dernières années, de nombreuses études théoriques ont été menées pour étudier l’impact
des réseaux sur le comportement des individus : la relation entre les réseaux et les contri-
butions individuelles au bien public est celle qui a retenu le plus l’attention des chercheurs
(Bramoullé et al., 2007; Santos et al., 2008; Jackson, 2010); le réseau joue un rôle clé dans
la promotion des comportements pro-sociaux (Frey and Meier, 2004); modèle de réseau
social des effets des pairs dans les décisions pénales (Patacchini and Zenou, 2012). Cer-
taines études ont mis l’accent sur le rôle des réseaux dans la promotion de comportements
pro-environnementaux. Par exemple, la diffusion de messages environnementaux dans
différents réseaux pourrait contribuer à encourager la conservation des ressources de la
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réserve commune (Mantilla, 2015) et la manière dont l’information se diffuse dans les dif-
férents réseaux pourrait contribuer à réduire les prises accessoires de poissons (Barnes
et al., 2016).

Bien que le modèle de réseau ait été largement étudié dans la littérature sur le jeu
d’intérêt public, quelques preuves théoriques ont été trouvées dans l’étude du rôle des
réseaux dans la promotion de la conservation des ressources individuelles dans le jeu
d’intérêt public. Tout comme les biens publics, les ressources communes ne sont pas non
plus exclusives. Toutefois, une différence majeure entre elles est la propriété de rivalité : le
bien public peut être consommé sans réduire la disponibilité pour les autres, tandis que la
consommation de ressources communes réduira les ressources disponibles pour les autres
(c’est-à-dire la propriété de soustraction). En conséquence, alors que les biens publics
peuvent souffrir d’un problème de resquillage en raison du manque de contributions, les
ressources communes seraient autrement confrontées à un problème de "tragédie des bi-
ens communs" en raison de la surexploitation (Hardin, 1968). Ces propriétés (excluabilité
et soustractibilité) rendent donc la gestion des ressources communes (RPC) particulière-
ment complexe car il est difficile d’empêcher les gens de soustraire des unités d’une RPC
(par exemple, forêt, océan, pêche, atmosphère, etc.).

Bien que plusieurs ouvrages existants soutiennent la théorie de Hardin (c’est-à-dire
la théorie de la tragédie des biens communs) par le libre accès aux ressources naturelles,
cela conduirait sans aucun doute au problème de la surexploitation (Bromley and Cernea,
1989; Pearce and Turner, 1990), Ostrom a fait valoir que l’on pouvait parvenir à une ges-
tion efficace des RPC grâce aux droits de propriété et aux réglementations gouvernemen-
tales (Ostrom et al., 1994). Par exemple, dans son livre, Ostrom a également catalogué
plusieurs exemples où des communautés ont géré avec succès les CPR sans aucune aide du
gouvernement central, des bergers alpins du 16ème siècle gérant les pâturages à l’année
1980 des villages japonais gérant les forêts communales (Ostrom, 1990). Suite à l’étude
d’Ostrom, Chaudhuri (2011); Bowles and Gintis (2011) et bien d’autres, ont suggéré que la
coopération humaine dans la gestion du commun pourrait émerger et persister sous des
institutions stables.

En outre, certaines études ont montré que les gens sont prêts à contribuer à un bien
public s’ils savent que d’autres y contribuent également (c’est-à-dire une coopération con-
ditionnelle) (Arrow, 1970; Frey and Meier, 2004). En ce sens, certains peuvent être motivés
à réduire leurs extractions de RPC s’ils observent les efforts de conservation des autres.
Les autres pourraient représenter d’autres personnes de la communauté ou leurs amis (ou
voisins) proches (c’est-à-dire ceux avec lesquels ils sont en contact). Plusieurs études em-
piriques ont indiqué que les réseaux pourraient jouer un rôle important dans l’atténuation
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du problème de la surextraction (c’est-à-dire de la "tragédie des biens communs"), en par-
ticulier lorsque les populations dépendent fortement de biens communs, sont très proches
les unes des autres et ont des liens sociaux durables (Cárdenas et al., 2015). D’autres
études ont montré que le partage d’informations par le biais d’un réseau social pouvait
contribuer à limiter l’extraction de ressources (Barnes et al., 2016). Le réseau social est donc
un bon point de départ pour expliquer comment les individus pourraient se comporter de
manière pro-environnementale en vue de la conservation des ressources communes.

C’est pourquoi, dans les chapitres 2 et 3, nous nous proposons d’étudier le rôle des
réseaux dans l’encouragement des comportements de conservation des ressources dans le
cadre du jeu des ressources en commun. En particulier, notre objectif dans le chapitre 2
est d’étudier comment l’assimilation en comparaison sociale (c’est-à-dire que les individus
comparent leurs comportements avec ceux de leurs voisins directs) dans différents types
de réseaux (par exemple, cercle, étoile ou réseau complet, etc.) a un impact sur les com-
portements des individus dans l’extraction d’une ressource commune. Dans le chapitre 3,
nous étudions également le comportement de conservation des individus dans le jeu de
la ressource commune en prenant en compte l’influence sociale (c’est-à-dire que les indi-
vidus bénéficient de leur effort de conservation du voisinage) dans le réseau endogène.
Dans ce chapitre, le réseau ne sera pas donné par le planificateur central mais il sera formé
par les individus eux-mêmes (c’est-à-dire le réseau endogène), les agents doivent payer
un coût pour initier un lien avec d’autres et un lien est établi si et seulement si le coût du
lien est inférieur au bénéfice du lien (c’est-à-dire la condition de lien).

0.3.1 Chapitre 2 : Comparaison sociale dans les réseaux : Un jeu de ressources
communes

Cette étude examine comment l’assimilation en comparaison sociale (c’est-à-dire le change-
ment de comportement afin de s’intégrer à un groupe) dans différentes structures de
réseau (c’est-à-dire réseau vide, en étoile, en cercle et complet) pourrait avoir un impact sur
les comportements individuels dans l’extraction d’une ressource commune. L’assimilation
est le moment où un individu peut identifier les similitudes entre lui et les autres, tandis
que le contraste fait référence à l’admiration/estime de soi accrue que l’on obtient après
s’être éloigné des autres (Kühnen and Hannover, 2000).

Dans notre modèle, nous considérons que les individus se soucient du comportement
des agents avec lesquels ils sont en contact (c’est-à-dire leurs amis ou leurs voisins). En
d’autres termes, chaque agent est situé dans un réseau donné et il compare son action à
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celle de ses voisins directs (c’est-à-dire comparaison sociale dans le réseau). Nous sup-
posons que la comparaison sociale est assimilative, c’est-à-dire que l’on modifie son com-
portement afin de minimiser la différence/la distance entre lui ou elle et les autres (c’est-
à-dire la "conformité"). Nous considérons le réseau exogène afin d’observer l’effet causal
du réseau sur le comportement individuel, étant donné que les structures du réseau vari-
ent. Nous utilisons le cadre statique de l’équilibre de Nash pour examiner le résultat du
jeu de la RCP sous forme d’hypothèses : chaque agent d’un réseau doit décider de l’effort
à fournir pour extraire la ressource commune et en même temps prendre en compte ses
comportements de voisinage direct afin de maximiser son utilité personnelle.

Nos résultats suggèrent que la comparaison sociale pourrait aider à façonner les com-
portements individuels de la manière dont elle contribue à promouvoir la conservation
des ressources communes. Cependant, l’effet d’assimilation sur le comportement indi-
viduel de conservation dépend conditionnellement des différentes structures de réseau.
En particulier, un réseau avec moins de connexions est meilleur que celui avec plus de
connexions afin d’éviter le problème de la surexploitation. En outre, l’assimilation est
suffisamment efficace dans les réseaux centralisés (comme un réseau en étoile) par rap-
port aux réseaux décentralisés (comme un cercle ou un réseau complet) pour inciter les
individus à conserver la ressource commune.

En ce qui concerne l’implication politique, il est important que les décideurs poli-
tiques prennent soigneusement en compte les différents types de structures de réseau
(c’est-à-dire la structure sociale) avant de mettre en œuvre toute politique (ou interven-
tion) qui favorise la conservation des ressources en utilisant la comparaison assimilative.
Une bonne façon de motiver la conservation de la RPC est de promouvoir l’assimilation
dans le réseau centralisé. D’autre part, nous pouvons promouvoir la comparaison sociale
dans le réseau décentralisé, mais il est important de conserver un effet d’assimilation rel-
ativement faible afin d’éviter la destruction de la RCP. Il est donc également essentiel de
fournir des informations sur l’importance de la conservation des ressources aux acteurs
clés du réseau (par exemple, un acteur central du réseau en étoile) afin d’encourager plus
efficacement la conservation des ressources.

0.3.2 Chapitre 3 : Jeu de ressources communes sur le réseau endogène

Dans ce chapitre, nous étudions comment l’influence sociale dans le réseau endogène
(c’est-à-dire les liens sont formés par les individus eux-mêmes) pourrait avoir un impact
sur les comportements individuels dans un jeu de ressources communes. En outre, nous
étudions comment les extractions de ressources individuelles sont liées à la connexion au
réseau (c’est-à-dire à la fraction d’amis ou de voisins). En outre, à quel niveau d’influence
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sociale, de coût de la connexion et de taille du réseau, le système d’un jeu de RCP est
localement stable (c’est-à-dire une extraction durable de la RCP).

Nous considérons dans notre modèle que les individus prendront en compte leurs
comportements de voisinage (c’est-à-dire les comportements de voisinage direct de l’agent
dans le réseau) avant de prendre leurs décisions. Dans cette étude, nous utilisons le cadre
statique de l’équilibre de Nash pour examiner le résultat du jeu de RCP sous l’hypothèse
d’une influence sociale (les agents sont influencés par leurs comportements de voisinage
direct). Comme les efforts d’extraction et les connexions de réseau (c’est-à-dire le nom-
bre total de voisins directs par rapport au nombre total d’agents ou la fraction d’amis ou
de voisins) sont coûteux, les agents doivent décider de l’effort à fournir pour extraire la
ressource et du nombre de liens de réseau auxquels se connecter afin de maximiser leur
utilité personnelle. Il convient de noter qu’un agent i établira un lien vers j si et seulement
si le coût de connexion est inférieur aux bénéfices tirés de l’établissement de connexion, de
sorte que ηgij ≤ δgij(x̄ − xj)(x̄ − xi), où η est le paramètre de coût de connexion; gij = 1
s’il existe un lien entre i et j; δ est le paramètre d’influence sociale; x̄ = X̄/N est la ca-
pacité d’effort d’extraction de l’individu avec des agents N et X̄ le montant de la capacité
des ressources; xi et xj sont l’effort d’extraction de i et j, respectivement. Ainsi, x̄ − x est
l’effort de conservation de l’agent.

Nous constatons que la présence de réseaux contribue à faire passer les comporte-
ments des agents de la substitution stratégique à la complémentarité stratégique. Et si la
meilleure réponse est la complémentarité stratégique, l’incitation d’un agent entraînerait
alors une réduction de l’extraction dans son réseau. En outre, il existe une relation néga-
tive entre la connexion au réseau et l’extraction d’un RCP par les agents. Cependant, il
est nécessaire d’avoir soit un faible coût de connexion (c’est-à-dire un coût pour initier un
lien avec un autre agent), soit une forte influence sociale pour encourager les agents à ini-
tier des liens avec d’autres et ainsi aider à promouvoir la conservation des ressources. De
plus, en fonction des différents paramètres du coût de connexion, de l’influence sociale et
de la taille du réseau, le jeu de la RCP existe un équilibre unique et localement stable. Nos
résultats indiquent également que le système d’un jeu de RCP est localement instable s’il
y a plus de six agents en concurrence pour l’extraction d’un RCP. Cela signifie que lorsque
la taille du réseau augmente, nous sommes plus susceptibles d’assister à une destruction
complète de la ressource commune (Saijo et al., 2017). Par conséquent, nous suggérons
que les décideurs politiques ou les futures recherches prennent soigneusement en compte
la taille des réseaux avant de concevoir un programme qui utilise l’influence sociale dans
les réseaux pour encourager les individus à conserver les ressources communes.

Comme au début, nous supposons une situation dans laquelle les agents se soucient
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de leur effort de conservation du quartier, nos résultats soutiennent l’idée que la promo-
tion de l’influence sociale dans les réseaux est bonne pour encourager la conservation des
ressources car les agents seront plus susceptibles de conserver le bien commun tant qu’ils
pourront bénéficier de leurs efforts de conservation du quartier. Cependant, pour encour-
ager la connexion au réseau, il est nécessaire de maintenir un coût de connexion suffisam-
ment bas et/ou une influence sociale élevée. Dans notre article, nous avons pu observer les
changements de comportement des agents en fonction des paramètres de l’influence so-
ciale. Par exemple, en présence d’une forte influence sociale, les agents seraient davantage
incités à former des liens avec d’autres personnes, ce qui contribue à la conservation de
la ressource commune. Cependant, une influence sociale forte ou faible par le biais d’un
réseau dépend en réalité de la force de la norme sociale dans le réseau de l’agent, mais
l’émergence d’une norme sociale est hors du champ de cette étude. Il est donc intéres-
sant de l’étudier en profondeur dans une étude future car les normes sociales influencent
le paramètre de l’influence sociale et déterminent ainsi s’il est bénéfique ou non pour un
agent d’initier un lien avec ses voisins.

0.4 Le rôle des réseaux dans l’encouragement de l’agriculture bi-
ologique au Vietnam : Approches expérimentales

Partout dans le monde, nous nous sommes appuyés sur l’agriculture conventionnelle qui
est une méthode largement utilisée dans l’agriculture industrielle pour produire la ma-
jorité des aliments que nous mangeons. Cependant, ce type de technique agricole est
confronté à deux problèmes qui ont menacé son avenir. Dans l’agriculture convention-
nelle, seuls 20 à 30 % des nutriments sont absorbés par les plantes, tandis que la partie
restante des résidus chimiques se dissout rapidement dans l’eau, ce qui pollue les eaux
souterraines (Liu et al., 2016). En fin de compte, les produits issus de l’agriculture conven-
tionnelle ont perdu leur valeur alimentaire (Clark et al., 1998). Les aliments frelatés chim-
iquement pourraient sérieusement affecter la santé des consommateurs. Par exemple, le
cancer, la maladie mortelle la plus courante aujourd’hui, a un lien direct avec l’adultération
par les pesticides des aliments que nous consommons (Rodgers et al., 2018; Horrigan et al.,
2002).

D’un point de vue économique, le coût de production de l’agriculture convention-
nelle a rapidement augmenté car les agriculteurs dépendent de plus en plus de semences
hybrides, d’engrais et de pesticides provenant de sources extérieures. Par conséquent,
les bénéfices de l’agriculture conventionnelle deviennent moins rentables. C’est pourquoi
les jeunes générations d’agriculteurs des pays en développement doivent chercher des
débouchés dans les villes (Gartaula et al., 2012). Les gouvernements de nombreux pays en
développement comme le Vietnam ont annoncé des prêts/subventions au lieu de s’attaquer
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à la véritable cause de la situation. Si la situation perdure, les pauvres risquent de devoir
mourir de faim. Une agriculture plus durable est donc nécessaire pour résoudre cette
situation compliquée (Huang et al., 2002; Horrigan et al., 2002).

L’agriculture biologique est un système de gestion agricole à large base. Elle améliore
la santé des plantes et des autres créatures vivantes, et contribue ainsi à enrichir et à
protéger la biodiversité. Les principales caractéristiques de l’agriculture biologique sont
l’utilisation optimale et la conservation des intrants naturels disponibles localement, l’augmentation
de la fertilité des sols sur une certaine période et la protection de la microflore du sol, etc.
L’agriculture biologique vise à produire des aliments plus sains pour l’alimentation ani-
male et à protéger la santé des consommateurs. L’autodépendance des intrants agricoles
contribuera à accroître la rentabilité de l’exploitation. Si l’agriculture devient plus rentable,
la migration de la population vers les villes diminuera alors. L’agriculture biologique peut
donc apporter des solutions pour atténuer les effets négatifs sur l’environnement, ainsi
que pour réduire les déséquilibres sociaux (Liu et al., 2016; Cui et al., 2018).

Ces dernières années, on observe un taux d’adoption relativement élevé de l’agriculture
biologique dans certains pays développés en raison de la forte prise de conscience des
problèmes de santé causés par la consommation d’aliments contaminés, des effets négatifs
de la dégradation de l’environnement et surtout du soutien approprié des gouvernements
et des organisations internationales comme l’Union européenne et la Fédération interna-
tionale des mouvements d’agriculture biologique (IFOAM) (Reisch et al., 2013)1 Dans de
nombreux pays en développement, l’agriculture conventionnelle contribue à fournir suff-
isamment de nourriture à la population et à générer des excédents pour l’exportation.
Cependant, la méthode d’agriculture conventionnelle devient non durable, comme en té-
moignent la baisse de la productivité des cultures, la dégradation de l’environnement, la
contamination chimique, etc. Dans d’autres pays en développement comme le Vietnam,
la situation est encore pire : les agriculteurs utilisent les pesticides ouvertement et sans
retenue.

Dans le contexte du Vietnam, selon le rapport du Ministère de l’Agriculture et du
Développement Rural (MARD) (août 2018), le Vietnam a importé 79 millions de dollars
de pesticides et de matières premières (environ 1 800 milliards de VND), ce qui porte la
valeur des importations de pesticides et de matières premières au cours des huit premiers
mois de 2017 à plus de 660 millions de dollars (plus de 15 000 milliards de VND), soit une
augmentation de près de 47 % sur la même période de 2016. Les statistiques montrent
que le Vietnam importe de plus en plus de pesticides et de matières premières et que
l’importation de pesticides et de produits chimiques phytosanitaires a augmenté de façon

1IFOAM est apparue pour la première fois en France en 1972. Elle compte environ 600 organisations mem-
bres réparties dans 120 pays. L’IFOAM entreprend un large éventail d’activités liées à l’agriculture biologique,
telles que l’échange d’informations et de connaissances entre ses membres.
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continue au cours des dernières décennies en raison de l’expansion des surfaces cultivées
et de la culture intensive de nombreuses plantes. Cependant, l’utilisation excessive de
produits chimiques dans l’agriculture a eu de graves conséquences sur le sol et l’eau ainsi
que sur la qualité des produits agricoles.

Selon la théorie du réseau social et économique, les individus sont toujours reliés à un
réseau dans lequel ils interagissent et échangent des informations avec d’autres, comme
un réseau d’amitié ou de voisinage (Jackson, 2010). Ces dernières années, grâce au réseau
de relations sociales, l’information sur les médias sociaux peut se répandre incroyable-
ment vite, non seulement au Vietnam mais dans le monde entier. Dans le domaine de
l’agriculture, les agriculteurs peuvent non seulement se connecter aux réseaux en ligne
des agriculteurs, mais surtout aux réseaux hors ligne, y compris les agriculteurs du voisi-
nage, leurs amis et même les organisations agricoles dans lesquelles ils peuvent partager
des informations, des idées et des réflexions sur les nouvelles méthodes agricoles. Toute-
fois, l’agriculture biologique se répand encore beaucoup plus lentement et on prévoit qu’il
faudra des décennies pour qu’elle soit largement adoptée.

Plusieurs études ont montré qu’une contrainte potentielle du faible taux d’adoption
est le manque d’informations crédibles sur l’agriculture biologique (Conley and Udry,
2010). Les agriculteurs manquent-ils d’informations sur la méthode d’agriculture biologique?
Dans de nombreux cas, les agriculteurs savent personnellement qu’il est mauvais de met-
tre des produits chimiques dans les plantes, mais ils se soucient davantage de la produc-
tivité et sont prêts à utiliser de plus en plus de pesticides au fil du temps pour assurer une
productivité élevée parce que la qualité des sols diminue avec le temps. Le gouvernement
et les médias sociaux ont fourni des informations sur les effets négatifs de l’agriculture
conventionnelle, la dégradation de l’environnement et la contamination des aliments, non
seulement aux agriculteurs mais aussi aux consommateurs. Mais il ne semble pas suffisant
d’encourager les agriculteurs à se tourner vers l’agriculture biologique. Par exemple, un
agriculteur a déclaré aux médias sociaux que “nous savons que l’utilisation de pesticides
est néfaste pour les consommateurs et l’environnement, mais ne pas utiliser de pesticides
nocifs signifie une tolérance aux risques comme le débordement des mauvaises herbes,
l’attaque de l’escargot jaune, etc.". Il est donc important d’étudier comment encourager
efficacement les agriculteurs à s’orienter vers une agriculture plus durable.

Afin de répondre à cette question, nous étudions comment le rôle des réseaux pour-
rait encourager les agriculteurs à se tourner vers l’agriculture biologique en utilisant des
données expérimentales dans le nord du Vietnam. En particulier, dans le chapitre 4, nous
utilisons les données d’une expérience contextualisée de laboratoire sur le terrain pour
étudier le rôle des réseaux, de la comparaison sociale et du coup de pouce information-
nel dans la promotion des décisions d’investissement des agriculteurs dans l’agriculture



16 Chapitre 0. Introduction

biologique. Le rôle des réseaux et du leadership dans l’encouragement de l’agriculture
biologique est étudié au chapitre 5 à l’aide d’une expérience de choix discret.

0.4.1 Chapitre 4 : Les moteurs de l’agriculture biologique : Preuves d’une ex-
périence contextualisée de laboratoire sur le terrain du rôle de la com-
paraison sociale et du coup de pouce à l’information dans les réseaux au
Vietnam

Ce chapitre examine les réactions des agriculteurs aux décisions d’investissement dans
l’agriculture biologique en utilisant différents traitements expérimentaux, notamment les
structures de réseau, la comparaison sociale et le coup de pouce à l’information. Dans cette
étude, nous examinons pourquoi les petits exploitants agricoles sont réticents à adopter
des pratiques pro-environnementales, notamment l’agriculture biologique, au Vietnam.
Nous avons mené 22 sessions expérimentales en août 2019 dans quatre provinces dif-
férentes du nord du Vietnam afin de mieux comprendre les incitations sociales et le rôle
des réseaux sur les décisions des agriculteurs d’investir dans l’agriculture biologique. Au
total, 220 petits exploitants agricoles ont participé à une expérience sur le terrain en util-
isant l’IPad.

L’expérience a été mise en œuvre avec 11 scénarios expérimentaux, résultant de la
combinaison des types de structures de réseau, de la présence d’une comparaison sociale
et du traitement des informations. L’expérience comportait quatre parties. Dans la pre-
mière partie, nous avons procédé à un tirage au sort pour déterminer la sensibilité des
agriculteurs à l’aversion au risque. Le montant d’argent non investi a été utilisé comme
indicateur relatif de l’aversion au risque. Dans la deuxième partie, les agriculteurs ont
participé à un simple jeu d’investissement biologique avec un réseau vide, sans compara-
ison sociale ni coup de pouce informationnel dans un jeu répété sur 5 périodes. Dans
la troisième partie, les expériences de réseau ont été menées. Notre expérience comporte
deux variables de traitement principales : la comparaison sociale et la comparaison sociale
combinée avec le coup de pouce à l’information. Le traitement de contrôle est le "pas de
traitement" avec soit une "comparaison sociale" soit un "coup de pouce à l’information".
Nous testons ces deux traitements et le contrôle dans quatre types différents de structure
de réseau (réseau vide, cercle, étoile et réseaux complets). La comparaison sociale est une
information sur l’investissement moyen de l’ensemble du groupe après chaque cycle, don-
née à tous les agriculteurs du réseau. Dans le traitement "comparaison sociale combinée
avec le coup de pouce de l’information", chaque sujet a reçu des informations supplémen-
taires sur le niveau d’investissement socialement optimal au début de chaque cycle. La
troisième partie de l’expérience a été répétée dix fois. Dans la quatrième partie, des infor-
mations qualitatives et quantitatives (par exemple, âge, sexe, taille de l’exploitation, taille
du ménage, type de résidence, revenu individuel et du ménage, santé, etc.) sont recueillies.
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Nous avons également obtenu des informations sur un certain nombre de préoccupations
environnementales par le biais de 15 questionnaires du NEP afin de nous aider à identifier
les perceptions individuelles à l’égard de l’environnement (Dunlap et al., 2000).

Nous constatons que le réseau joue un rôle clé pour encourager l’adoption de l’agriculture
biologique. Toutefois, cet effet diffère selon le type de réseau (cercle, étoile ou réseau com-
plet), ce qui indique que le rôle des individus et le nombre de connexions individuelles
sont importants. Ce résultat est conforme à la littérature selon laquelle les réseaux ayant
plus de connexions sont meilleurs que les réseaux ayant moins de connexions pour faciliter
la coordination (McCubbins et al., 2009). Ce résultat suggère également que l’approche
fondée sur les réseaux peut être considérée comme une méthode rentable pour les dé-
cideurs politiques afin d’inciter les agriculteurs à adopter un comportement positif à l’égard
de l’agriculture biologique (Beaman and Dillon, 2018). Deuxièmement, notre analyse
révèle également que le traitement "comparaison sociale combinée à l’encouragement à
l’information" a un impact positif sur les décisions des agriculteurs, quels que soient les
types de réseaux. Le traitement "comparaison sociale" donne des résultats moins tranchés
car il n’y a un effet positif et significatif que dans le réseau du cercle. Enfin, certaines des
variables de contrôle (âge, sexe, santé, appartenance à une association d’agriculteurs, in-
térêt pour l’agriculture biologique) sont significatives pour expliquer la décision d’investir
dans l’agriculture biologique. Par exemple, les agricultrices sont moins susceptibles d’investir
dans l’agriculture biologique que les hommes. Les agriculteurs plus âgés semblent investir
davantage que les plus jeunes dans l’agriculture biologique. D’autres variables comme le
NEP, le niveau d’éducation, l’aversion au risque, le revenu, la taille de l’exploitation n’ont
pas d’impact significatif sur les décisions d’investissement des agriculteurs.

Selon ces conclusions, notre étude suggère que les décideurs politiques peuvent s’appuyer
sur les structures de réseaux d’agriculteurs et sur la comparaison sociale ainsi que sur
le coup de pouce de l’information pour améliorer les décisions des agriculteurs en vue
d’adopter une agriculture plus durable au Vietnam. Nos résultats suggèrent également
qu’il existe une possibilité d’effet d’entassement, car l’effet de la comparaison sociale et
de l’incitation à l’information dépasse l’effet de la comparaison sociale. Il est intéres-
sant pour une étude plus approfondie d’examiner le mécanisme sous-jacent de l’effet
d’éviction et de l’effet d’entassement dans les poussées sociales (poussées de compara-
ison et d’information), car elles ont une implication importante dans la garantie d’une
agriculture durable.
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0.4.2 Chapitre 5 : Préférences des agriculteurs pour l’agriculture biologique :
Preuves d’une expérience de choix dans le nord du Vietnam

Dans ce chapitre, nous étudions les préférences des agriculteurs pour l’adoption de l’agriculture
biologique en utilisant l’expérience du choix discret avec au total 586 agriculteurs du nord
du Vietnam. L’expérience de choix discret a été menée pour mesurer comment divers fac-
teurs liés au marché (notamment le contrat de vente et le logo biologique avec code de
traçabilité) et facteurs non liés au marché (notamment la formation et les conseils tech-
niques, les dirigeants et les voisins du village pratiquant l’agriculture biologique) pou-
vaient influencer les décisions des agriculteurs en matière d’adoption de l’agriculture bi-
ologique. L’expérience de choix a présenté aux répondants des scénarios à choix mul-
tiples. Chaque fois qu’il s’agissait d’une situation hypothétique, les agriculteurs étaient
invités à choisir entre deux alternatives d’"agriculture biologique" non étiquetées (options
biologiques 1 et 2) et une alternative de "statu quo". Le "statu quo" est choisi si les agricul-
teurs décident de ne choisir ni l’option biologique 1 ni l’option biologique 2. Les deux
options "biologiques" sont décrites par un certain nombre de caractéristiques différentes.

L’expérience vise tout d’abord à analyser les préférences des agriculteurs pour l’agriculture
biologique, présentées par le premier attribut "Formation et conseils techniques". Il s’agit
de leçons pratiques dispensées gratuitement aux agriculteurs afin d’améliorer leurs con-
naissances sur l’agriculture biologique, ainsi que sur les pratiques agricoles biologiques.
En plus de la "formation", les agriculteurs disposent de techniciens ou de spécialistes dans
leur région pour leur conseiller l’agriculture biologique. Deuxièmement, la sensibilité aux
différents contrats de vente dans l’agriculture biologique, présentée par l’attribut "Con-
trat de vente". Celui-ci est défini comme un contrat de vente entre les agriculteurs et
les acheteurs. Les acheteurs peuvent être des détaillants (supermarchés, entreprises), des
coopératives ou des consommateurs directs. Nous avons deux types de contrats : un con-
trat avec des prix fixes garantis et un contrat avec des prix flexibles sur des périodes de cinq
ans. Troisièmement, l’expérience comprend également l’attribut "traçabilité", qui est un
code de traçabilité accompagnant le logo biologique sur chaque produit biologique. Cela
indique que les produits des agriculteurs ont déjà été soumis à un contrôle de qualité strict
et que les consommateurs peuvent donc facilement distinguer les produits biologiques des
produits non biologiques. Quatrièmement, les deux derniers attributs "Voisin" et "Leader"
indiquent la présence dans le village d’agriculteurs et de leaders du voisinage pratiquant
l’agriculture biologique. Enfin, l’attribut "coût" est un élément majeur utilisé pour saisir
la volonté des agriculteurs de payer pour l’agriculture biologique. Le coût comprend 6
niveaux qui sont en termes de pourcentage d’augmentation du coût de production, 0%,
10%, 30%, 60%, 100%, 150%. Le coût supplémentaire par unité est utilisé pour mieux
cerner la volonté de payer des agriculteurs, car ceux-ci produisent souvent des produits
agricoles différents (c’est-à-dire une diversification des produits). Une autre raison pour
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laquelle le coût relatif est appliqué, est que les agriculteurs qui produisent les mêmes pro-
duits agricoles mais dans des zones rurales différentes peuvent également avoir des coûts
de production très différents.

Nos résultats suggèrent que le “contrat de vente" avec des prix flexibles ou garantis
est un élément majeur qui explique la volonté des agriculteurs d’adopter l’agriculture bi-
ologique. En effet, l’engagement sur le prix des produits agricoles est considéré par les
agriculteurs comme une opportunité de soutenir l’agriculture biologique. Ce résultat est
conforme à la littérature sur “l’agriculture contractuelle" (c’est-à-dire que l’acheteur four-
nit aux agriculteurs un crédit, des conseils techniques, un service de marché, etc. En con-
trepartie, les agriculteurs produisent certaines quantités et certaines qualités de produits
et les vendent à l’acheteur), ce qui indique qu’un tel arrangement pourrait contribuer pos-
itivement au revenu des agriculteurs en particulier et à la croissance et à la réduction de la
pauvreté en général (Weiss and Khan, 2006; Bolwig et al., 2009).

En outre, l’attribut "formation et conseil technique" est également un facteur impor-
tant qui peut être utilisé pour motiver les agriculteurs à se tourner vers l’agriculture bi-
ologique. En effet, les petits exploitants ont souvent plus de difficultés (par exemple,
trop coûteux ou manque d’informations et de connaissances) à accéder aux pratiques de
l’agriculture biologique que les grands exploitants. Il est donc nécessaire de disposer de
conseillers locaux et de formations/leçons intensives pour les motiver à se tourner vers
l’agriculture biologique. Ce résultat est également conforme aux études existantes qui ont
suggéré que la connaissance technique des pratiques de l’agriculture biologique est un
obstacle important à la transition vers l’agriculture biologique (Brock and Barham, 2013;
Dimitri and Baron, 2019).

Enfin, l’attribut "voisin", qui mesure la présence ou non de voisins dans le village
des agriculteurs pratiquant l’agriculture biologique, est également important pour en-
courager les agriculteurs à changer leur méthode d’exploitation en faveur de l’agriculture
biologique. Cela suggère que les agriculteurs semblent être influencés par leurs voisins
dans l’adoption de l’agriculture biologique. En effet, les agriculteurs du voisinage sont
parfois une source précieuse d’informations et de connaissances pour les agriculteurs,
surtout lorsque les agriculteurs de la zone rurale ont souvent de bonnes relations avec
leurs voisins. Par conséquent, le rôle des réseaux (c’est-à-dire la connexion de voisinage)
est également important et doit être pris en compte par les décideurs politiques ou les
futures recherches.
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0.5 Conclusion

En conclusion, cette thèse contribue à la littérature existante en étudiant en profondeur
les impacts des incitations sociales (y compris les comparaisons sociales et les informa-
tions) dans différents réseaux (y compris les réseaux exogènes et endogènes) de manière
théorique et empirique. Les résultats de cette thèse suggèrent que la promotion de la
connexion aux réseaux et des incitations sociales (par exemple, l’influence sociale interne
qui motive les gens à changer leurs perceptions et leurs attitudes) pourrait contribuer à
encourager le comportement pro-environnemental (voir le chapitre 1). Ce résultat est con-
firmé par les résultats de notre expérience de choix discret (voir chapitre 5), puisque les
agriculteurs qui choisissent l’agriculture biologique comme alternative sont prêts à payer
pour que des agriculteurs de leur quartier pratiquent l’agriculture biologique. En effet, les
agriculteurs du voisinage sont des sources précieuses d’informations, de connaissances
et de motivation qui pourraient aider les agriculteurs à se tourner vers l’agriculture bi-
ologique. Nos résultats du jeu de RPC en réseau endogène (voir chapitre 3) suggèrent
également qu’il est important de promouvoir un coût de mise en relation suffisamment
bas (c’est-à-dire un coût que l’on doit payer pour initier une mise en relation avec d’autres)
pour inciter les individus à se mettre en relation avec d’autres (c’est-à-dire promouvoir
la mise en réseau) et contribue ainsi à encourager la conservation des ressources du pool
commun. Par conséquent, la promotion de la socialisation ou de la connexion en réseau est
essentielle pour motiver les individus à se comporter de manière positive envers l’environnement.

De plus, la mise en place d’incitations sociales (par exemple, des comparaisons so-
ciales et des informations) dans les réseaux pourrait contribuer à promouvoir un com-
portement pro-environnemental. Toutefois, la structure des réseaux est importante et doit
être soigneusement prise en compte, car nos résultats au chapitre 2 indiquent que la com-
paraison sociale pourrait avoir des effets différents sur les comportements individuels
selon les types de réseaux (par exemple, réseau en cercle, en étoile ou complet). Plus
précisément, en présence d’assimilation dans la comparaison sociale (par exemple, les in-
dividus comparent leurs comportements à ceux de leurs voisins directs), il est plus efficace
de motiver les agents des réseaux centralisés (comme un réseau en étoile) à conserver la
ressource commune que les réseaux décentralisés (comme un cercle ou un réseau complet).
Nos résultats de l’expérience contextualisée de laboratoire sur le terrain (voir chapitre 4)
suggèrent également que le traitement de comparaison sociale (c’est-à-dire que les indi-
vidus ont reçu des informations sur l’investissement moyen du groupe dans l’agriculture
biologique) est suffisamment efficace dans un réseau en cercle (c’est-à-dire un réseau dé-
centralisé avec moins de connexions) pour encourager les agriculteurs à se tourner vers
l’agriculture biologique que dans un réseau en étoile et complet (c’est-à-dire un réseau
décentralisé avec plus de connexions). Il est donc essentiel de prendre soigneusement en



0.5. Conclusion 21

compte les structures du réseau avant de promouvoir les incitations sociales (par exem-
ple, les comparaisons sociales et les informations) pour motiver efficacement les individus
à adopter un comportement positif vis-à-vis de l’environnement.

Cependant, en réalité, il est très difficile pour les décideurs politiques ou les indi-
vidus eux-mêmes d’observer pleinement la structure réelle du réseau ainsi que chaque
comportement ou action individuelle dans le réseau. Cela signifie que fournir des in-
citations sociales comme la comparaison sociale (par exemple, des informations sur le
comportement moyen du groupe) pourrait être un moyen efficace de promouvoir le com-
portement pro-environnemental. En outre, il est toujours plus facile d’observer les com-
portements/actions d’un ou deux agents les plus importants du réseau que d’observer
pleinement les comportements de tous les agents. Ainsi, une autre solution consiste à mo-
tiver le rôle de l’agent central (c’est-à-dire un dirigeant ou une personne influente, etc.) à
promouvoir le comportement pro-environnemental, car nous observons que la motivation
du rôle des agents centraux dans le réseau en étoile pourrait contribuer à promouvoir de
manière significative la conservation des ressources communes (voir chapitre 2).
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Chapter 0

Introduction

0.1 Motivation of the dissertation

Understanding individual behavior is not only important in sociology, psychology and
business but also a basic objective of economists and environmentalists. The fundamen-
tal issue faced by both economist and environmentalist scholars is how to adequately
promote “pro-environmental behavior" (e.g., how to effectively motivate people to either
protect their local surrounding environment or to fight against global climate change).
“Pro-environmental behavior" refers to behavior that could either benefit the environment
or harm the environment but as little as possible (Steg and Vlek, 2009). In this sense, a
variety of theoretical models and empirical works have been developed to study the im-
pact of monetary as well as non-monetary incentives (i.e., social incentives) on individual
pro-environmental behaviors (Kollmuss and Agyeman, 2002; Clark et al., 2003; Allcott
and Rogers, 2014; Diederich and Goeschl, 2014; Lazaric et al., 2019; Schwartz et al., 2020).
Numerous studies have proved that both monetary and social incentives could have sig-
nificant impacts on individual pro-environmental behavior. For instance, giving payments
(e.g., payments for ecosystem services, agri-environmental scheme, etc.) (Espinosa-Goded
et al., 2010; Robert and Stenger, 2013; Krawczyk et al., 2016), social feedback (e.g., house-
hold consumption report) (Allcott and Rogers, 2014; Brülisauer et al., 2020) or nudges
(Schubert, 2017; Lefebvre and Stenger, 2020) could help to encourage people to protect the
environment by consuming less energy, water or doing more recycling, etc..

However, focusing on either monetary or social incentives when addressing environ-
mental issues may raise several problems: for example, an individual who takes an action
to alleviate his or her sense of obligation to help to improve environmental quality (e.g.,
driving less or planting more trees) may then not take any further actions when he or she
realizes that others do not cooperate. This could be defined as a single action bias. Fur-
thermore, for most environmental issues (e.g., biodiversity, deforestation, energy, etc.), it
is necessary to have many individuals but most often within the same area who adhere to
a conservation program in order to reach a necessary threshold (proportion of individuals
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in the network) above which a positive program effect can arise. Thus, several studies
suggest that network factors can also be used to promote “collective pro-environmental
behaviors", which are behaviors taken together by a group of individuals and including
society as a whole (i.e., collective actions) to achieve an environmental target (Gouu, 1993;
Van Laerhoven, 2010).

In recent years, the concept of “social and economic network" (e.g., how network
structure affects behaviors) has been developed and captured much more attention of
policymakers as well as research scholars (Jackson, 2010; Jackson et al., 2017). Note that
network structure or social structure is a structure made up of social actors (e.g., indi-
viduals or organizations) and social links/ties (i.e., interactions or connections between
actors) (Marsden and Lin, 1982; Scott, 1988). For instance, in their studies, the authors
have shown that individuals’ decisions in performing a behavior/an action could there-
fore be collectively influenced by others’ behaviors in a network (i.e., collective behaviors)
(Bramoullé et al., 2007; Jackson, 2010). Moreover, several studies, which are not related
to networks, also indicated that instead of making independent decisions, individuals
often considers utility of others and take them into his or her decision making process
(i.e., “other-regarding" preferences) (Bolton and Ockenfels, 2000; Grund et al., 2013). Some
other studies also suggested that humans truly care about others, especially when they
are linked to others in a network (e.g., a network of friends, colleagues, neighbors, etc.)
(Dufwenberg et al., 2011; Grund et al., 2013). Consequently, the role of networks could be
seen as an important factor/determinant, which can be used to motivate individuals to
behave positively towards the environmental (i.e., pro-environmental behaviors).

In recent years, several studies have been conducted to investigate the role of net-
works in promoting pro-environmental behaviors: how social interaction in networks (i.e.,
ones interact with others in a network) could affect farmers’ behaviors on restriction of in-
tensive practices (Polman and Slangen, 2008); how information sharing and environmental
messages through network could encourage resource conservation (Mantilla, 2015; Barnes
et al., 2016; Mekonnen et al., 2017); and whether individuals who care about each other
(i.e., other-regarding preferences) could influence individuals’ intentions to participate in
environmental groups or not (Cho et al., 2013; Cho and Kang, 2017). All these existing
literature suggested that networks could therefore play an important role in incentivizing
individuals to behave positively towards environmental sustainability. Although, several
researches have been conducted to investigate the role of networks on individuals’ pro-
environmental behaviors, there are still many questions that existing literature has left
open. In other words, while a majority of existing studies focused on how social inter-
action and information sharing through network could motivate individual behavioral
change, a handful of researches studies how providing social incentives (e.g., social com-
parison, information nudges, etc.) to individuals in different network structures could
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effectively incentivize their pro-environmental behaviors. Therefore, the primary objec-
tive of this dissertation is to provide insight into impacts of social incentives in networks
on individual pro-environmental behaviors.

Moreover, while some studies have already focused on changes in environmental out-
come related to changes in network structure, there has been little attention to the impacts
of individual pro-environmental behaviors on the emergence of networks. The theory of
“principle of homophily" indicated that individuals who behave similarly tend to live in
a same form of society because of the social selection (i.e., individuals with similar char-
acteristics such as, same ethnicity, gender, race, age, and social status) (McPherson et al.,
2001). As a result, providing social incentives through networks could make individuals
who are not (or already) in the community before may be influenced by others and de-
cide to move in (or out) of the network or community. Therefore, if individual behavior
changes also have an impact on the emergence of networks, then it is important to study
how social incentives in both exogenous network (i.e., network structure is given) and en-
dogenous network (i.e., network structure is not given and individuals can decide who
they will form a link with) could help to promote and to sustain the pro-environmental
behavior.

To sum up, this dissertation aims to contribute to existing literature by deeply inves-
tigating the impacts of social incentives in networks and its impact on pro-environmental
behaviors, including resource conservation and investment in organic farming. In partic-
ular, we focus on the analysis of the impacts of social incentives in different exogenous
networks (e.g., star, circle and complete network) and endogenous network (i.e., network
structure is not given) in both theoretical and empirical ways. We develop theoretical
models to study individual behaviors in a common pool resource game that takes both
exogenous network (i.e., network is given or formed by the central social planner) and
endogenous network (i.e., network is formed by individuals themselves) into account. We
also conduct a contextualized lab-in-the-field and discrete choice experiment to study how
promoting networks as well as providing different types of social incentives (e.g., social
comparison and information nudges) in different types of networks (e.g., circle, star, com-
plete network, etc.) could impact individual behavior in adopting organic farming. More
specifically, these questions are studied in five following Chapters.

• Chapter 1 provides insights into the strength and relevance of several social incentive
factors in promoting pro-environmental behaviors. In particular, we used a meta-
analysis to access the effectiveness of seven groups of social incentives: internal and
external social influence, network factors including network size, network connec-
tion and leadership and trust including trust in institutions and trust in others, that
can promote pro-environmental behaviors.



0.2. Social incentives in promoting pro-environmental behaviors 31

• Chapter 2 theoretically studies the role of social comparison in different network
structures in encouraging individual conservation behavior in a common pool re-
source (CPR) game. More precisely, we investigate how assimilation in social com-
parison (i.e., changing behavior in order to fit in with a group) in different network
structures including an empty network, star, circle or complete network) could help
to promote common pool resource conservation.

• Chapter 3 theoretically investigates how social influence (i.e., neighborhood resource
conservation) in the situation of endogenous network (i.e., network is formed by in-
dividuals themselves) could impact individual behaviors in a common pool resource
game. In our model, agents have to simultaneously choose their level of effort in ex-
tracting the resource and the number of neighbors to link with in order to maximize
their payoffs. Thus, since the network is endogenous, it is interesting to observe that
at which level of social influence, cost of linking and network size, the system of a
CPR game (i.e., the equilibrium of extraction and network connection) will be locally
stable (sustainable conservation) and unstable (destruction of CPR).

• Chapter 4 explores the role of social comparison (i.e., information about the aver-
age group organic investment) and information nudge (i.e., information about the
socially optimal investment of their neighbors and themselves) in different network
structures (e.g., empty network, star, circle and complete network) on farmers’ deci-
sions in organic farming investment via a contextualized lab-in-the-field experiment
in Northern Vietnam.

• Chapter 5 studies farmers’ preferences toward organic farming using discrete choice
experiment with farmers in Northern Vietnam. In particular, we measure how var-
ious market factors (including sale contract and logo with traceable code) and non-
market factors (including role of networks (i.e., neighborhood farmer doing organic
farming), training and technical advice, role of leader (i.e., formal or/and informal
leaders doing organic farming)) could influence farmers’ decisions in adopting or-
ganic farming.

0.2 Social incentives in promoting pro-environmental behaviors

Incentives are used to motivate individuals to behave in a socially desirable sense. From
the environmental economic point of view, there are two different types of incentive ap-
proaches: monetary and non-monetary incentives. For instance, the Pigouvian tax is a
monetary incentive (i.e., economic incentive), developed by Pigou in 1920, which is used
to encourage polluters to reduce their pollution emissions (Baumol, 1972). Similarly, the
cap-and-trade scheme, is also a monetary incentive, which is used to incentivize polluting



32 Chapter 0. Introduction

actors to reduce their emissions by providing firms cap/initial allowance on greenhouse
gas emission as well as allowing them to buy or sell their allowances. Existing literature
suggested that monetary incentives could give individuals or private sectors a strong in-
centive to save money by cutting their emissions (Schmalensee and Stavins, 2017).

However, in reality, the implementations of the monetary incentives also face many
difficulties. The first issue, encountered by the economists in development of various in-
struments and regulations for pollution, is information constraint. For example, in the
situation of “diffuse" pollution (i.e., non-point source pollution), emissions produced by
various polluting actors are very difficult to be perfectly observed (O’Shea, 2002). Con-
sequently, several studies indicated that precisely measuring the emissions is very costly
or even impossible. Secondly, the effect of monetary policies may not be always sustain-
able in the long-run (Ashenmiller, 2011; Lefebvre and Stenger, 2020). Several studies have
shown that environmental conservation programs cannot be easily achieved if they do
not take social factors (e.g., social influence, norms, etc.) as well as individual social-
psychological factors (e.g., attitudes towards the pro-environmental behaviors or concern
about the negative impacts of the environment, etc.) into account (Pelletier et al., 1999).
For instance, people may not continue to put more efforts in protecting the environment
(e.g., doing recycling, saving energy, etc.) if they observe that their neighbors or friends
are not doing so (Kollmuss and Agyeman, 2002; Thomas and Sharp, 2013).

From the beginning of the 21th century, non-monetary or social incentives including
certificate, labeling, social feedback and social influence have been widely assessed by
many researchers (Bjørner et al., 2004; Klooster, 2005; Nolan et al., 2008). In one study,
the authors have shown that forest certification successfully helps to promote the sustain-
able forest management and biodiversity maintenance on 124 million ha (3.2%) of world’s
forest (Rametsteiner and Simula, 2003). In this regard, social incentives could be seen
as appropriate and potential instruments to promote environmental sustainability. How-
ever, in their study, the authors also argued that the certification would not provide any
improved competitiveness to the industries which have already had a tie/strict control in
forest management (Rametsteiner and Simula, 2003). In other words, even good environ-
mental policies that have already successfully implemented in several communities could
face a failure in some other areas. Another example should be considered is global cli-
mate change, which requires collective actions between countries to tackle global climate
issue (Ostrom, 2010). Thus, whether countries will make efforts to reduce greenhouse gas
emissions or they will have incentives to free-ride on their neighborhood countries’ con-
structive behaviors? In other words, an environmental goal may not be easily achieved if
we do not motivate people to behave positively and collectively toward the environment.

Therefore, in the first Chapter, we use the meta-analysis of 125 existing studies to
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shed light into the strength and relevance of seven groups of social incentives (external
and internal social influence, network including network size, network connection and
leadership and trust including trust in institutions and trust in others) in promoting pro-
environmental behaviors.

0.2.1 Chapter 1: Social incentive factors in interventions promoting sustain-
able behaviors: A meta-analysis

Based on a meta-analysis, this Chapter highlights the strength and relevance of several
social incentive factors with respect to pro-environmental behavior, including social in-
fluence, network factors (like network size, network connection, and leadership), trust in
others, and trust in institutions. In particular, internal social influence is defined as inter-
nal motives such as, attitudes, personal norms, intrinsic motivation or self-evaluation/-
enhancement resulting from the social competition process. External social influence is
defined as external motives such as, extrinsic motivation, expectation of others, or social
norms for individuals or society about what they should do. Network factors include
network connection (degree of connection between individuals), network size (number
of individuals in the network) and leadership (the presence of a leader in the network).
Network connection is the degree of connection or the relationship between individuals
and others including friends, neighbors, environmentalists and environmental organiza-
tions. Network size captures the number of friends, neighbors or co-workers involved
in pro-environmental actions or environmental associations that individuals participate
in. Leadership is a factor that individuals influenced by their leaders’ pro-environmental
behaviors. Trust includes trust in institutions (government, public institutions, etc.) and
trust in others (friends, neighbors, family, etc.).

The dataset in our study was built using the Web of Science, Google Scholar, PubMed,
SagePub, and ScienceDirect databases, and some other relevant journal websites. With
systematic keyword searches, we first did the abstract analysis and collected all of the em-
pirical studies, including published and unpublished works (more than 1500 papers). We
eliminated all the papers that did not provide enough information to calculate standard
errors of effect size (i.e. t-values, p-values, confidence intervals or significance levels). We
eventually ended-up with 125 studies in the last step. These 125 studies led to 185 obser-
vations in our meta-analysis data (in some papers, the authors used more than one social
variables to examine the impacts on pro-environmental behavior).

Firstly, our results suggest that social influence is necessary for the emergence of pro-
environmental behaviors. More specifically, social influence that is internal (i.e., that mo-
tivates people to change their perceptions and attitudes) is very important to promote
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pro-environmental behaviors. In addition to internal social influence, our results also sug-
gest that external social influence also results in a positive impact on pro-environmental
behaviors but is less effective compared to internal influences. This result is in line with the
existing literature that internal social motives are better than external ones because they
guide people into changing their behaviors, whereas external influences can drive people
to perform a certain action though compliance and identification, but it is not enough to
motivate them to change their perceptions and attitudes toward a sustainable behavior.
This finding implies that impacts of an environmental policy can be under-estimated if
policy-makers do not include social influence in their decisions regarding environmental
issues.

Secondly, network connection encourages pro-environmental behavior, meaning that
the effectiveness of a conservation policy can be improved if connections among individ-
uals are increased. This result does not support an existing conjecture which hypothesizes
that increasing interactions between individuals in a large structure can be bad for so-
cial conservation behavior. Finally, trust in institutions can dictate individual behavior
in a way that could shape policy design and generate desired policy outcomes. In other
words, a successful environmental policy depends largely on trust in institutions through
increased transparency, communication strategy, and interaction with populations, etc.

0.3 The role of networks in promoting pro-environmental behav-
ior: Theoretical approaches

Several studies have demonstrated that connections between people would link to the
connections between their behaviors (Jackson, 2010; Centola, 2010; Gould et al., 2019). Ex-
isting literature also indicated that individuals’ decisions can be influenced by others even
without being aware of it (Cialdini, 1987; Nisbet et al., 2009). In recent years, numerous
theoretical studies have been conducted to study the impact of networks in shaping in-
dividuals’ behaviors: the relationship between networks and individual contributions to
public good have received the most research attention (Bramoullé et al., 2007; Santos et al.,
2008; Jackson, 2010); network plays a key role in promoting the pro-social behaviors (Frey
and Meier, 2004); social network model of peer effects in criminal decisions (Patacchini
and Zenou, 2012). There are some studies that focused on the role of networks in pro-
moting pro-environmental behaviors, e.g., providing environmental messages in differ-
ent networks could help to encourage the common pool resource conservation (Mantilla,
2015) and how information diffuses into different networks could help to reduce the fish
by-catch (Barnes et al., 2016).

While the network model has been widely studied in the literature of public good
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game, a handful of theoretical evidence has been found in studying the role of networks
in promoting individual resource conservation in common pool resource game. Similar to
public goods, common pool resources are also non-excludable. But, a main difference be-
tween them is the rivalry property: public good can be consumed without reducing avail-
ability for others, while consuming common pool resources will decrease the available
resources for others (i.e., subtractability property). As a result, while public goods may
suffer a free-rider problem because of the lack of contributions, common pool resource
would otherwise face a problem of the “tragedy of the commons" because of the over-
exploitation (Hardin, 1968). These properties (excludability and subtractability) therefore
make the management of common pool resources (CPRs) become especially complex be-
cause it is hard to prevent people to subtract units from a CPR (e.g., forest, ocean, fisheries,
atmosphere, etc.).

While several existing literature supported the theory of Hardins (i.e., the theory of
the tragedy of commons) by indicating that open-access natural resources would undoubt-
edly lead to the over-exploitation problem (Bromley and Cernea, 1989; Pearce and Turner,
1990), Ostrom argued that one could achieve the successful management of CPRs with
property rights and government regulations (Ostrom et al., 1994). For instance, in her
book, Ostrom also cataloged several examples in which communities have successfully
managed the CPRs without any help of the central government, from 16th century Alpine
shepherds managing grazing lands to the year of 1980s Japanese villages managing com-
munal forests (Ostrom, 1990). Following the study of Ostrom, Chaudhuri (2011); Bowles
and Gintis (2011) and many others, suggested that human cooperation in managing the
common could emerge and persist under stable institutions.

In addition, some studies showed that people are willing to contribute to a public
good if they know that others also contribute (i.e., conditional cooperation) Arrow (1970);
Frey and Meier (2004). In this sense, ones may be motivated to reduce their extractions of
the CPRs if they observe the conservation efforts of others. The others could stand for other
people in the community or their close friends (or neighbors) (i.e., the ones who they con-
nect to). Several empirical studies indicated that networks could play an important role in
mitigating the over-extraction problem (i.e., “tragedy of the commons"), especially when
the populations dependent highly on common properties, have close proximity and en-
during social ties (Cárdenas et al., 2015). Other studies showed that informational sharing
through a social network could help restrain the resource extraction (Barnes et al., 2016).
Social network is therefore a good starting point to explain how individuals could behave
pro-environmentally towards common resource extraction.

Therefore, in Chapters 2 and 3, we aim to study in the role of networks in encouraging
the resource conservation behaviors in the common pool resource game. In particular, our
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objective in Chapter 2 is to study how assimilation in social comparison (i.e., individuals
compare their behaviors with their direct neighbors) in different types of networks (e.g.,
circle, star or complete network, etc.) impact individuals’ behaviors in extracting a com-
mon pool resource. In Chapter 3, we also investigate individual conservation behaviors
in the common pool resource game by taking into account the social influence (i.e., indi-
viduals benefit from their neighborhood conservation effort) in endogenous network. In
this Chapter, the network will not be given by the central planner but it will be formed by
individuals themselves (i.e., endogenous network), agents have to pay a cost to initiate a
link with other and a link is established if and only if the cost of linking is lower than the
benefit of the link (i.e., linking condition is satisfied).

0.3.1 Chapter 2: Social comparison in networks: A common pool resource
game

This study investigates how the assimilation in social comparison (i.e., changing behav-
ior in order to fit in with a group) in different network structures (i.e., empty, star, cir-
cle and complete network) could impact individual behaviors in extracting a common
pool resource. Assimilation is when an individual can identify the similarities between
his/herself and the others, while contrast refers to the heightened admiration/self-esteem
that one achieves after distancing oneself from others (Kühnen and Hannover, 2000).

In our model, we consider that individuals care about the behaviors of the agents
that they connect to (i.e., friends or neighbors). In other words, each agent is located in a
given network and he or she compare his or her action to their direct neighbors (i.e., social
comparison in network). We assume that the social comparison is assimilative, meaning
that one changes his or her behavior in order to minimize the difference/distance between
him or her and the others (i.e., the “conformity"). We consider the exogenous network in
order to observe the causal effect of network on individual behavior as network structures
vary. We use the static framework of the Nash equilibrium to examine the outcome of the
CPR game under assumptions: each agent in a network has to decide how much effort
to put in extracting the common resource and as the same time takes his or her direct
neighborhood behaviors into account in order to maximize his or her personal utility.

Our results suggest that the social comparison could help to shape individual behav-
iors in the way that it helps to promote the common resource conservation. However, the
assimilation effect on individual conservation behavior depends conditionally on differ-
ent network structures. In particular, a network with fewer connections is better than the
one with more connections in order to avoid the over-exploitation problem. Additionally,
the assimilation in comparison performs sufficiently well in centralized networks (like a
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star network) compared to decentralized networks (like a circle or complete network) in
incentivizing individuals to conserve the common pool resource.

Regarding the policy implication, it is important for policymakers to carefully take
the different types of network structures (i.e., social structure) into account before imple-
menting any policy (or intervention) that promote the resource conservation using the
assimilative comparison. A good way to motivate the CPR conservation is to promote
the assimilation in the centralized network. On the other hand, we can promote the so-
cial comparison in the decentralized network but it is important to keep a relatively low
assimilation effect in order to avoid the destruction of CPR. It is therefore also essential
to provide information about how important the resource conservation to the key play-
ers in the network (e.g., a central player in the star network) in order to more effectively
incentivize the resource conservation.

0.3.2 Chapter 3: Common pool resource game on endogenous network

In this Chapter, we investigate how the social influence in endogenous network (i.e., links
are formed by individuals themselves) could impact individual behaviors in a common
pool resource game. Moreover, how individual resource extractions are linked to network
connection (i.e., fraction of friends or neighbors). Additionally, at which level of social
influence, cost of linking and network size, the system of a CPR game is locally stable (i.e.,
sustainable extraction of the CPR).

We consider in our model that individuals will take their neighborhood behaviors
(i.e., agent’s direct neighborhood behaviors in the network) into account before taking
their decisions. In this study, we use the static framework of the Nash equilibrium to
examine the outcome of the CPR game under assumption of social influence (agents are
influenced by their direct neighborhood behaviors). Since extraction efforts and network
connections (i.e., the total number of direct neighbors over the total number of agents or
the fraction of friends or neighbors) are costly, agents have to decide how much effort to
put in extracting the resource and how many network links to make a connection to in
order to maximize their personal utilities. It should be noted that an agent i will initiate a
link to j if and only if the linking cost is lower than the benefit gains from initiating the link,
such that ηgij ≤ δgij(x̄− xj)(x̄− xi), where η is the linking cost parameter; gij = 1 if there
is a link between i and j; δ is the social influence parameter; x̄ = X̄/N is the individual’s
extraction effort capacity with N agents and X̄ amount of resource capacity; xi and xj are
the extraction effort of i and j, respectively. Thus, x̄− x is the agent’s conservation effort.

We find that the presence of networks helps to shift agents’ behaviors from strategic
substitute to strategic complementary. And if the best response is strategic complemen-
tary, incentivizing one agent would then lead to a reduction of extraction in his or her
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network. Additionally, there is a negative relationship between network connection and
agents’ extraction of a CPR. However, it is necessary to have either a low cost of linking
(i.e., a cost for initiating a link with other agent) or a strong social influence to encourage
agents to initiate links with others and thus helps to promote the resource conservation.
Moreover, depending on the different parameters of the linking cost, social influence and
network size, the CPR game exists one unique locally stable equilibrium. Our results also
indicate that the system of a CPR game is locally unstable if there are more than six agents
competing in extraction of a CPR. This means that when the network size increases, we are
more likely to witness a complete destruction of the common resource (Saijo et al., 2017).
Therefore, we suggest that policymaker or future research should carefully take network
size into account before designing a program which uses social influence in networks to
encourage individuals to conserve the common resources.

Since at the beginning, we assume a situation in which agents care about their neigh-
borhood conservation effort, our results support the idea that promoting social influence
in networks is good for encouraging resource conservation because agents will be more
likely to conserve the common good as long as they could benefit from their neighbor-
hood conservation efforts. However, in order to encourage the network connection, it is
necessary to keep a sufficiently low cost of linking and/or high social influence. In our pa-
per, we could observe agents’ behaviors changes as social influence parameter varies. For
instance, in the presence of strong social influence, agents would have higher incentives
to form links with others, and thus it helps to conserve the common resource. However,
a strong or weak social influence through network in reality depends on how strong the
social norm in the agent’s network, but the emergence of social norm is out of scope of
this study. Thus, it is worth to be deeply investigated in future study because social norms
influence the social influence parameter and thus determines whether it is beneficial or
not for an agent to initiate a link with his or her neighbors.

0.4 The role of networks in encouraging organic farming in Viet-
nam: Experimental approaches

In recent years, we have currently relied on conventional farming which is a widely used
method in industrial agriculture to produce the majority of the food we eat. However,
this type of farming technique is facing couple of issues that have threatened its future.
In conventional farming, only 20 to 30% of the nutrients get absorbed by plants, while
remaining portion of chemical residues dissolves in water quickly, creating groundwater
pollution (Liu et al., 2016). Ultimately products from chemical farming has lost the food
value (Clark et al., 1998). Chemically adulterated foods could seriously affect consumers’
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health. For example, cancer, the most common deadly disease of today has a direct link
with pesticide adulteration of the foods we eat (Rodgers et al., 2018; Horrigan et al., 2002).

From the economic perspective, the production cost of conventional farming has rapidly
gone up because farmers are more and more relied on hybrid seeds, fertilizers and pesti-
cides from outside source. Consequently, it makes the profits from conventional farming
become less profitable. As a result, this is a major reason that younger generations of farm-
ers in developing countries have to search for opportunities in the cities (Gartaula et al.,
2012). Governments in many developing countries like Vietnam have announced loan
packages/subsidies instead of attending the real cause for the situation. If the situation
continues for long, poor people may have to die due to hunger. Thus, a more sustain-
able agriculture is needed as a solution for this complicated situation (Huang et al., 2002;
Horrigan et al., 2002).

Organic farming is a broad based farm management system. It improves the health
of plants and other living creatures, and thus it helps to enrich and protect bio-diversity.
The main features of organic farming include optimum use and conservation of locally
available natural inputs, increasing soil fertility over a period of time and protecting soil
micro-flora, etc. Organic farming aims to produce healthier food to feed and to protect
the health of the consumers. Self-dependencies of farm inputs will help to increase the
profitability of the farm. If farming becomes more profitable, the migration of population
to cities will then come down. As a result, organic farming can therefore give solutions to
mitigate the negative impacts on the environment, as well as to reduce social imbalances
(Liu et al., 2016; Cui et al., 2018).

In recent years, we observe a relatively high adoption rate of organic farming in
some developed countries due to the high awareness of the health problems caused by
the consumption of contaminated foods, the negative effects of environmental degrada-
tion and especially the appropriate support from governments and international organi-
zations like European Union and International Federation of Organic Agriculture Move-
ments (IFOAM) (Reisch et al., 2013)1. In many developing countries, conventional farming
helps to provide enough food for the population and generate surplus for exports. How-
ever, conventional farming method becomes unsustainable as evidenced by declining crop
productivity, environmental degradation, chemical contamination, etc. In other develop-
ing countries like Vietnam, the situation is even worse: farmers are using pesticides overtly
and without restraint.

1IFOAM is first found in France in 1972. There are about 600 member organizations spreading over 120
countries. IFOAM undertakes a wide range of activities related organic farming such as exchange information
and knowledge among its members.
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In the context of Vietnam, according to the report of the Ministry of Agriculture and
Rural Development (MARD) (August 2018), Vietnam imported 79 million USD worth of
pesticides and raw materials (about 1,800 billion VND), raising import value of pesticides
and raw materials in the first eight months of 2017 to over 660 million USD (over 15,000 bil-
lion VND), nearly 47% increase over the same period of 2016. The statistics show that Viet-
nam is increasingly importing more pesticides and raw materials and the import of pes-
ticides and plant protection chemicals has increased continuously in the last few decades
due to the expansion of cultivated area and intensive cultivation of many crops. However,
excessive use of chemicals in agriculture has caused severe consequences for the soil and
water environment as well as the quality of agricultural products (Savci, 2012).

According to the theory of social and economic network, individuals always link to a
network in which they interact and exchange information with others such as a network
of friendship or neighborhood (Jackson, 2010). In recent years, thanks to the network
of social relationship, information on the social media can spread incredibly fast in not
only Vietnam but all over the world. In agriculture, farmers could also not only link to
the online networks of farmers, but more importantly to the offline networks, including
neighborhood farmers, friends and even the agriculture organizations in which they could
share information, ideas, and thoughts about new farming methods. However, organic
farming still spreads much more slowly and it is predicted to take decades in order to
reach widespread adoption.

Several studies have shown that a potential constraint of the low rate of adoption is
lack of credible information about organic farming (Conley and Udry, 2010). Do farmers
lack of information about the organic farming method? In many cases, farmers personally
know that putting chemicals in the plants is bad, but they are care more about productiv-
ity and willing to use more and more pesticides overtime to ensure a high productivity
because quality of soil is declining overtime. Government and social media provided
information about the negative effects of chemical farming, environmental degradation
and contaminated food to not only farmers but consumers. But, it seems not sufficient to
promote farmers to move towards organic agriculture. For instance, a farmer said to the
social media that “we know that the use of pesticides is harmful to consumers and the en-
vironment, but not using harmful pesticides means risk tolerance like the weeds overrun,
yellow snail attack, etc.". Therefore, it is important to study how to effectively encourage
farmers to move toward a more sustainable agriculture.

In order to response to this question, we investigate how the role of networks could
encourage farmers to move toward organic farming using experimental data in Northern
Vietnam. In particular, in Chapter 4, we use the data from a contextualized lab-in-the-field
experiment to investigate the role of networks, social comparison and information nudge
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in promoting farmers’ investment decisions in organic farming. The role of networks and
leadership in encouraging organic farming is studied in Chapter 5 using discrete choice
experiment.

0.4.1 Chapter 4: Drivers of organic farming: Lab-in-the-field evidence of the
role of social comparison and information nudge in networks in Vietnam

This Chapter considers the responses of farmers’ investment decisions in organic farming
using different experimental treatments including network structures, social comparison
and information nudge. In this study, we investigate why smallholder farmers are reluc-
tant to adopt pro-environmental practices, notably organic farming, in Vietnam. We con-
ducted 22 experimental sessions in August 2019 in four different provinces in the North of
Vietnam to provide better understanding on social incentives and the role of networks on
farmers’ decisions to invest in organic farming. We have totally 220 smallholder farmers
took part in a field experiment using IPad.

The experiment was implemented with 11 experimental scenarios, resulting from the
combination of the types of network structures, the presence of social comparison and in-
formation nudge treatment. The experiment consisted of four parts. In the first part, we
ran a lottery-choice task to capture the farmers’ sensitivity to risk aversion. The amount of
money that was not invested was used as a relative indicator of risk aversion. In the sec-
ond part, farmers participated in a simple organic investment game with empty network,
no social comparison nor information nudge in a repeated 5-period game. In the third
part, the network experiments have been run. There are 2 main treatment variables in
our experiment: social comparison and the social comparison combined with information
nudge. The control treatment is the “no treatment" with either no “social comparison" or
“information nudge". We test these two treatments and the control in four different types
of network structure (empty network, circle, star and complete networks). Social compar-
ison is an information about the average investment of the total group after each round,
given to all the farmers in the network. In the treatment “social comparison combined with
information nudge", each subject received additional information about the socially opti-
mal level of investment at the beginning of each round. The third part of the experiment
was repeated 10 times. In the fourth part, qualitative and quantitative information (e.g.,
age, gender, farm size, household size, type of residence, individual and household in-
come, health, etc.) have been collected from the participants using survey questionnaires.
We also elicited information on a number of environmental concerns via 15 NEP ques-
tionnaires to help us identify the individual perceptions toward the environment (Dunlap
et al., 2000).
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We find that network plays a key role in encouraging the adoption of organic farm-
ing. However, this effect differs following the types of network (circle, star, or complete
network) indicating that the role of individuals and the number of individual connections
matter. This result is in line with the literature that networks with more connections are
better than the networks with fewer connections in facilitating the coordination (McCub-
bins et al., 2009). This result suggests also that the network-based approach can be consid-
ered as a cost-effective method for policymaker to incentivize farmers to behave positively
toward organic agriculture (Beaman and Dillon, 2018). Secondly, our analysis also reveals
that the treatment “social comparison combined with information nudge" positively im-
pacts the farmers’ decisions regardless of the types of networks. The treatment “social
comparison" gives less clear-cut results as there is a positive and significant effect only in
the circle network. Finally, some of the control variables (age, gender, health, belonging
to a farmer’s association, being concerned with organic farming) are significant to explain
the decision to invest in organic farming. For instance, female farmers are less likely to in-
vest in organic farming than males. Older farmers seem to invest more than the younger
ones in organic farming. Other variables like NEP, education, risk aversion, income, farm
size do not have any significant impact on farmers’ investment decisions.

According to these findings, our study suggests that policymakers can rely on farm-
ers’ network structures and the social comparison as well as information nudge to enhance
farmers’ decisions to adopt a more sustainable agriculture in Vietnam. Our results suggest
as well that there is a possibility of crowd-in effect, as the effect of both social comparison
and information nudge exceeds the effect of social comparison. It is interesting for further
study to investigate the underlying mechanism of crowding in and out in social nudges
(comparison and information nudges), as they have important implication in securing the
sustainable agriculture.

0.4.2 Chapter 5: Farmers’ preferences towards organic farming: Evidence from
a choice experiment in Northern Vietnam

In this Chapter, we investigate farmers’ preferences to adopt organic farming using the
discrete choice experiment with totally 586 farmers in Northern Vietnam. The discrete
choice experiment was conducted to measure how various market factors (including sale
contract and organic logo with traceable code) and non-market factors (including training
and technical advice, leaders and neighbors in the village doing organic farming) could in-
fluence farmers’ decisions in adopting organic farming. The choice experiment presented
respondents with multiple choice scenarios. Each time involving a hypothetical situation,
farmers were asked to choose one among two unlabeled “organic farming" alternatives
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(organic option 1 and 2) and a “status quo" alternative. The “status quo" is chosen if farm-
ers decide to choose neither organic option 1 and option 2. The two alternative “organic"
options are described by a number of different attributes.

The experiment firstly aims to analyze farmers’ preferences for organic farming, pre-
sented by the first attribute “Training and technical advice". This is defined as practical
lessons freely delivered to farmers in order to improve their knowledge about organic
farming, as well as about organic farming practices. In addition to the “Training", farmers
would have technicians or specialists in the local area to advise them to do organic farm-
ing. Secondly, the sensitivity to different sale contracts in organic farming, presented by
the attribute “Sale contract". This is defined as a sale contract between farmers and buy-
ers. The buyers could be the retailers (supermarkets, companies), cooperatives or direct
consumers. We have two types of contracts: a contract with fixed guaranteed prices and
with flexible prices in five-year periods. Thirdly, the experiment also includes the attribute
“Traceability", which is a traceable code going along with the organic logo on each organic
product. This indicates that farmer’s products have already gone through strict quality
control and thus consumers can easily distinguish between organic products and non-
organic ones. Fourthly, the two last attributes “Neighbor" and “Leadership" indicating the
presence of neighborhood farmers and leaders in the village doing organic farming. Fi-
nally, the “cost" attribute is a major element using to capture farmers’ willingness to pay
for organic farming. The cost includes 6 levels which are in terms of percentage increase
in production cost, 0%, 10%, 30%, 60%, 100%, 150%. The additional cost per unit is used
to more accurately capture farmers’ willingness to pay because farmers often produce dif-
ferent agricultural products (i.e., product diversification). Another reason that the relative
cost is applied, is because farmers who produce same agricultural products but in different
rural areas may also have a very different production costs.

Our results suggest that the “Sale contract" with either flexible or guaranteed prices
is a major component explaining farmers’ willingness to adopt organic farming. This is
because the agricultural product price commitment is seen by farmers as an opportunity
for supporting organic agriculture. This result is in line with the literature of “contract
farming" (i.e., purchaser provides farmers credit, technical advice, market service, etc. In
return, farmers produce certain quantity and quality products and sell them to purchaser),
indicating that such arrangement could contribute positively to farmers’ revenue in partic-
ular and to growth and poverty reduction in general (Weiss and Khan, 2006; Bolwig et al.,
2009).

Furthermore, “training and technical advice" attribute is also a prominent factor that
can be used to motivate farmers to move toward organic agriculture. This is because
smallholder farmers often have more difficulties (e.g., too costly or lack of information and
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knowledge) to access organic farming practices compared to large-scale farmers. Thus, it is
necessary to have local advisors and intensive trainings/lessons to motivate them to move
toward organic farming. This result is also in line with existing studies which suggested
that technical knowledge of organic farming practices is one important barrier to organic
transition (Brock and Barham, 2013; Dimitri and Baron, 2019).

Finally, “neighbor" attribute, measuring whether there is a presence of neighbors in
farmer’s village are doing organic farming, is also important to encourage farmers to
change their farming method to organic. This suggests that farmers seem to be influenced
by their neighbors in adopting organic farming. This is because neighborhood farmers
are sometimes a valuable source of information and knowledge for farmers, especially
when farmers in the rural area often have good relationships with their neighbors. There-
fore, the role of networks (i.e., neighborhood connection) is also important and need to be
taken into account by policymakers or future research.

0.5 Conclusion

In conclusion, this dissertation contributes to existing literature by deeply investigating
the impacts of social incentives (including social comparison and information nudges) in
different networks (including exogenous and endogenous networks) in both theoretical
and empirical ways. The results of this dissertation suggest that promoting network con-
nection and social incentives (e.g., internal social influence that motivates people to change
their perceptions and attitudes) could help to encourage the pro-environmental behavior
(see Chapter 1). This result is confirmed by the results of our discrete choice experiment
(see Chapter 5) since farmers who choosing organic farming alternative, are willing to pay
to have farmers in their neighborhood doing organic farming. This is because neighbor-
hood farmers are valuable sources of information, knowledge and motivation that could
help farmers to move towards organic farming. Our results of the CPR game in endoge-
nous network (see Chapter 3) also suggest that it is important to promote a sufficiently
low cost of linking (i.e., a cost that one has to pay in order to initiate a link with other) to
incentivize individuals to connect to others (i.e., promote network connection) and thus
helps to encourage the common pool resource conservation. Consequently, promoting so-
cialization or network connection is essential to motivate individual to behave positively
towards the environment.

Moreover, providing social incentives (e.g., social comparison and information nudges)
in networks could help to promote pro-environmental behavior. However, network struc-
ture is important and needs to be carefully taken into account since our results in Chapter
2 indicate that social comparison could have different impacts on individual behaviors
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depending on the types of networks (e.g., circle, star or complete network). More specifi-
cally, in the presence of assimilation in social comparison (e.g., individuals compare their
behaviors to their direct neighbors’ behaviors), it is more effective to motivate agents in
centralized networks (like a star network) to conserve the common pool resource com-
pared to decentralized networks (like a circle or complete network). Our results of the lab-
in-the-field experiment (see Chapter 4) also suggest that social comparison treatment (i.e.,
individuals received information about the average group investment in organic farm-
ing) perform sufficiently well in a circle network (i.e., decentralized network with fewer
connections) in encouraging farmers to move towards organic farming than in a star and
complete network (i.e., decentralized network with more connections). Therefore, it is es-
sential to carefully take the network structures into account before promoting the social
incentives (e.g., social comparison and information nudges) to effectively motivate indi-
viduals to behave positively toward the environment.

However, in reality, it is very difficult for either policymaker or individuals them-
selves to fully observe the actual network structure as well as each individual behavior or
action in the network. This means that providing social incentive like social comparison
(e.g., information about the average group behavior) could be an effective way to promote
the pro-environmental behavior. Additionally, it is always easier to observe the behav-
iors/actions of one or two most important agents in the network than fully observe all
agents’ behaviors. Thus, another alternative is to motivate the role of the central agent
(i.e., a leaders or influential person, etc.) to promote the pro-environmental behavior since
we observe that motivating the role of central agents in the star network could help to
significantly promote the common resource conservation (see Chapter 2).
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Chapter 1

Social incentive factors in
interventions promoting sustainable
behaviors: A meta-analysis1

1.1 Introduction

It has been highlighted in the literature that individuals could be incentivized to mitigate
environmental issues (e.g., climate change, biodiversity conservation, etc.) via using mon-
etary incentives. As an example, monetary incentives have been successfully implemented
to motivate people to protect their living environment, e.g., providing payments based on
the quantity of recycled waste or the amount of electricity reduced (Tucker et al., 1998;
Thøgersen and Olander, 2003; Elinder et al., 2017). However, the effectiveness of mone-
tary policies is questionable. Firstly, they are costly to implement (Asensio and Delmas,
2015). For example, the Pigovian tax or cap-and-trade emission requires relatively high
administrative and monitoring costs in order to be successfully implemented. Secondly,
the effect of monetary policies is not always sustainable in the long-run (Ashenmiller,
2011; Lefebvre and Stenger, 2020). Several studies have shown that environmental con-
servation programs cannot be easily achieved if they fail to motivate people in terms of
environmental sustainability: Will people continue to conserve energy if they know that
they will not receive any more payments for their efforts in the future (Desbureaux, 2016;
Allcott and Rogers, 2014; Zaval, 2016)? Thus, the crowding-out effect of an environmental
policy is also important and needs to be taken into account (Cardenas et al., 2000; Werfel,
2017). Thirdly, people’s motives can be good drivers of pro-environmental behavior as
well (Thøgersen, 2013). While policy-makers mainly focus on how to effectively use mon-
etary incentives to encourage individuals or industries to protect the environment, social

1This chapter is based on Nguyen-Van P., Stenger A. and Tiet T. (2020), Social incentive factors in interven-
tions promoting sustainable behaviors: A meta-analysis. Submitted.
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incentives, which are non-monetary incentives, are also useful tools to mitigate individu-
als’ negative impacts on the environment (Thøgersen, 2013; Bolderdijk et al., 2013).

Several studies have indicated that people may engage in pro-environmental (pro-
social) behaviors because of individual social incentives such as social norms or intrin-
sic/extrinsic motivation, namely “social influence" (Abrahamse and Steg, 2013; Dietz, 2015).
Social influence refers to the way in which individuals alter their attitudes and behaviors
in response to the demands of their social environment (i.e., expectation of others, con-
formity or altruism) (Cialdini, Cialdini; Turner, 1991; Cialdini and Goldstein, 2004). For
example, providing energy consumption feedback or environmental messages to house-
holds could help to encourage energy conservation (Allcott and Rogers, 2014). In this
case, if an individual consumes less electricity while others do not, he or she would gain
not only a benefit from saving energy but an image reward by comparison with his or her
neighbors as well (e.g., the best in the neighborhood) (Griskevicius et al., 2010; Van Horen
et al., 2018). Some of existing literature also qualifies social influence as internal and ex-
ternal influences: internal social influence includes altruism, intrinsic motivation or other-
regarding preferences; external social influence is linked to norms, extrinsic motivation or
a reputation system (Harpine, 2015; Simpson and Willer, 2015). According to the theory of
planned behavior (TPB), social pressure or social norms are external influence factors that
affect individual intention to perform a target behavior, while attitude and personal norms
are internal motives that could explain pro-environmental behavior through intrinsic mo-
tivation (Ajzen et al., 1991; Bénabou and Tirole, 2006; Schultz et al., 2007). Additionally, so-
cial competition (i.e., social comparative feedback) could internally motivate individuals
by generating self-evaluation (i.e., individuals evaluate themselves) and self-enhancement
that could encourage people to act and sustain their behaviors overtime because of social
competition (Festinger, 1954; Frey and Meier, 2004; Van Der Linden, 2015).2 Therefore,
internal social influence is defined as internal motives such as, attitudes, personal norms,
intrinsic motivation or self-evaluation/-enhancement resulting from the social competi-
tion process. External social influence is defined as external motives such as, extrinsic
motivation, expectation of others, or social norms for individuals or society about what
they should do.

However, focusing on individual social incentives when addressing environmental is-
sues may raise several problems: as for monetary contribution, for example, an individual
who takes an action to alleviate his or her sense of obligation to help improve environ-
mental quality may then not take any further actions when (s)he realizes that others do
not cooperate. This could be defined as a single action bias. Furthermore, for most en-
vironmental issues (e.g., biodiversity, deforestation, energy, etc.), it is necessary to have

2Competitive behaviors could drive self-evaluation and the necessity of such an evaluation is based on
comparison with other people Festinger (1954).
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many individuals but most often within the same area who adhere to a conservation pro-
gram in order to reach a necessary threshold (proportion of individuals in the network)
above which a positive program effect can arise. Thus, in addition to social influence,
several studies suggest that network factors and individual trust can also be used to pro-
mote “collective pro-environmental behaviors", which are behaviors taken together by a
group of individuals and including society as a whole (i.e., collective actions) to achieve
an environmental target (Gouu, 1993; Van Laerhoven, 2010).

In today’s world of social relationships, everyone is linked to a social network (e.g.,
the limited network of family, friends, relatives, neighbors, co-workers and even acquain-
tances). Since individuals are linked to each other, other individual behaviors could be
an important factor that can be used to motivate a person to perform a specific action
(Thaler and Sunstein, 2008). For example, people are more likely to adopt behaviors that
are approved by others in order to cultivate or maintain close social relationships with oth-
ers (Cialdini and Goldstein, 2004). Some studies have shown that people who have been
motivated by strong social influences may require pressure from their network to live up
to their intentions (De Graaf et al., 2004). Different network structures (characterized by
different network size, network connection or degree of connection, and leadership) may
have different impacts on individual contributions to a collective good (Gouu, 1993).3 Be-
sides the network factors, individual trust is an important concept since trust is applica-
ble to the relationship between people (Lewis and Weigert, 1985; Cochard et al., 2004).
Higher levels of trust (social and/or institutional) help to ensure stronger social connec-
tions which could indeed strengthen individual pro-environmental actions. Without trust
among individuals and/or trust in the institutions (government, organizations or lead-
ers), pro-environmental actions may not be sustainable. Therefore, policymakers should
pay attention to individual as well as collective actions to achieve an environmental target
(Ng et al., 2013).

Taken together, we identified seven different groups of social incentives that can en-
hance pro-environmental behavior: social influence (including internal and external influ-
ence); network factors (including network size, network connection and leadership); and
trust (including trust in others and in institutions). Network factors include network con-
nection (degree of connection between individuals), network size (number of individuals
in the network) and leadership (the presence of a leader in the network). Network connec-
tion is the degree of connection or the relationship between individuals and others includ-
ing friends, neighbors, environmentalists and environmental organizations. Network size
captures the number of friends, neighbors or co-workers involved in pro-environmental

3The authors showed that a volunteer who is centrally located in a sparse network (i.e., network with a
low degree of connection) has greater impact on others’ contributions than the one who is centrally located in
a dense and less centralized network Gouu (1993).
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actions or environmental associations that individuals participate in. Leadership is a factor
that individuals influenced by their leaders’ pro-environmental behaviors. Trust includes
trust in institutions (government, public institutions, etc.) and trust in others (friends,
neighbors, family, etc.). The diagram of these seven groups of social incentives is pre-
sented in Figure 1.1. Detail definitions of these social incentive factors are provided in
Table 1.2.

Several studies have provided descriptive reviews of this area of research, focusing
on how information strategies influence energy conservation (Delmas et al., 2013; Karlin
et al., 2015), how social influence approaches can be used to encourage resource conser-
vation (Abrahamse and Steg, 2013; Farrow et al., 2017), presenting comparative studies
of household energy conservation (Abrahamse et al., 2005), analyzing determinants and
outcomes of belief in climate change (Hornsey et al., 2016), testing behavioral inventions
on climate change mitigation (Nisa et al., 2019), and examining the evidence of spillover
in pro-environmental behavior (Maki et al., 2019). Although numerous studies have been
conducted to assess the effects of social incentives on pro-environmental behavior, the lat-
ter are, however, often studied separately (see Table 1.9). In addition, the effectiveness of
social incentives that promote pro-environmental behavior has not yet been sufficiently
investigated in the literature. We contribute to the literature by addressing all of the seven
groups of social incentives together in order to answer the following question: Which so-
cial incentives are more effective in encouraging pro-environmental behavior? In response
to this question, we conducted a meta-analysis to provide an empirical insight into these
seven groups of social incentives.4 We quantify their strength and relevance with respect
to pro-environmental behavior and give some recommendations in terms of public policy.
Finally, we take the impact of the aggregation level into account by organizing the seven
social incentive groups into three higher aggregated social groups (i.e., social influences,
network and trust) and investigate their relative relevance with respect to the metadata.

To the best of our knowledge, we also contribute to the literature by addressing all
these 7 groups of the social incentives simultaneously in studying pro-environmental be-
havior: which social incentives are more effective in encouraging pro-environmental be-
havior? In response to this question, we conducted a meta-analysis5 to provide an empir-
ical insight into these 7 groups of social incentives in order to quantify their strength and
relevance with respect to pro-environmental behavior and to give some recommendations

4Meta-analysis is a well-known statistical and scientific technique that helps to combine the results of
multiple scientific studies, to establish evidence-based practice, and to resolve uncertain research outcomes
(Gurevitch et al., 2018).

5Meta-analysis is a well-known statistical and scientific technique that helps to combine the results of
multiple scientific studies, to establish evidence-based practice, and to resolve uncertain research outcomes
(Gurevitch et al., 2018).
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in terms of public policy. In addition, we also take into account the impact of aggrega-
tion level of social incentive factors by gathering the 7 social incentive groups into three
higher aggregated social groups (i.e. social influences, network, and trust) and compare
the difference between the effectiveness of these 3 and 7 groups of social incentives.

The rest of the paper proceeds as follows. In Section 2, we describe the meta-analysis
results. Section 3 is devoted to discussions and a conclusion. Section 4 describes data
collection, descriptive statistics and the methodology used. In this section, the problems
of heterogeneity and publication bias are also checked to warrant the robustness of the
analysis. Since heterogeneity probably exists between studies, the meta-regression model
is adapted to take this heterogeneity into account.

1.2 Results

Based on the existing literature, as mentioned above, we divided our discussions about
the emergence of pro-environmental action into seven groups of social incentives: inter-
nal and external social influence, network factors (network size, network connection, and
leadership) and trust (trust in others and trust in institutions) (Bekkers and Schuyt, 2008;
Simpson and Willer, 2015). This leads to seven social incentive dummies used in the meta-
regressions (network size being the base category). The forest plots in Figure 1.5 - Fig-
ure 1.8 show that internal and external social influence, trust in institutions and network
connection are key significant factors that could be used to encourage pro-environmental
behavior. Our summarized results (Table 1.5, column 4, where the mixed-effect model is
applied using partial correlation coefficients) suggest that the effect of internal and exter-
nal social influence, network connection and trust in institutions on pro-environmental
behavior are positive and statistically significant. On the contrary, leadership and trust in
others do not have a significant effect on pro-environmental behavior. The standardized
coefficients (column 5) suggest that internal social influence is the most effective social
incentive (since its value is the highest) followed by external social influence, network
connection and trust in institutions.

1.2.1 Social influence

Social influence includes both internal and external social influences. According to exter-
nal social influence, an individual essentially acts or behaves according to external motives
such as expectation of others, extrinsic motivation or social norms. In the case of internal
social influence, individuals act under internal motives such as attitudes, personal norms,
intrinsic motivation or self-evaluation/-enhancement resulting from social competition.
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External social influence. Our meta regression results in Table 1.5 show that there is a
positive and significant impact of external social influence on pro-environmental behavior
at a 10% significance level. The forest plot in Figure 1.6 suggests that the overall effect
of external social influence is positive, even if there are some studies have reported neg-
ative results. This means that the presence of external social influence is overall in favor
of encouraging pro-environmental behavior but, in some cases, it can discourage environ-
mental conservation. For example, if forest owners’ behaviors could not be observed by
a community and if there was no regulator to monitor them, then forest owners would
collectively choose deforestation, even with strong social expectations (social norms) that
forest conservation is important for society (Ledyard, 1995; Desbureaux, 2016). In another
example, when asking people how much they are willing to contribute to environmen-
tal conservation, individuals will report lower conservation efforts if they know that their
profiles and results are invisible to others. People may act collectively and regardless of
the demand of the social situation if they know that their actions cannot be observed by
others (Lee et al., 2016; Brick et al., 2017). Thus, future studies should take the observ-
ability of individual behavior, social identity and many other aspects into account when
studying external social influences.6

Internal social influence. Regarding the forest plot in Figure 1.5, most of the studies in
the literature suggest a positive effect of internal social influence on pro-environmental
behavior. Several studies suggested that individuals gain insights about environmental is-
sues and get recognition from their peers through “social comparative feedback".7 that of
their neighboring households As a result, they change and develop more environmentally-
oriented behavior because of the self-evaluation/-enhancement process (Festinger, 1954;
Robelia et al., 2011). However, one study revealed that comparison feedback may per-
form badly in encouraging environmental conservation (e.g., soil conservation) because
terracing is a demanding soil conservation practice and farmers have low perception of
environmental issues (Willy and Holm-Müller, 2013). Thus, if there is a relatively low in-
dividual perception of an environmental issue, internal social influence may also fail to
promote pro-environmental behavior. In addition to the forest plot, our meta-regression
results in Table 1.5 suggest that internal social influence has a positive and significant ef-
fect on pro-environmental behavior. The standardized coefficients reported in Table 1.5
indicate that the internal social influences that motivate people to change their percep-
tions and attitudes are very important to promote pro-environmental behavior. We can

6A study in the US showed that Asians, Blacks, and Latinos are more concerned about the environment
than Whites, but that they are perceived it as being less concerned than Whites. The difference in social
identity and status contributes to the disparity between environmental concern and commitment (Dietz and
Whitley, 2018).

7Social comparative feedback could be the household consumption report (energy, water, recycling or
green consumption) containing the household’s consumption and
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therefore conclude that the impacts of an environmental policy could be under-estimated
if internal social influence is not taken into account.

1.2.2 Network factors

People who have been motivated by strong social influences may require pressure from
their network to live up to their intentions (De Graaf et al., 2004). Network including
network size, network connection and leadership are factors that can contribute to the
emergence of pro-environmental behavior (Gouu, 1993; Ouvrard and Stenger, 2017).

Network connection (which can be defined as the degree of connection between indi-
viduals and others in their networks). In a social network, each individual is represented
by a social unit (or node). Social units are linked together through social relationships such
as friendship or acquaintanceship (Wasserman and Faust, 1994). A strong network con-
nection comes from the strong ties or interactions among individuals inside the network.
This is equivalent to what is referred to as the “good sense of community".8 Several empirical
studies have shown that the “good sense of community" can directly shape individuals’
behaviors and force them to care more about environmental issues (Nepal et al., 2007a;
Tesfaye et al., 2012a; Videras et al., 2012). Our results suggest that the effect of network
connection is relatively strong, with the standardized coefficient equals to 0.3508 (see the
results in Table 1.5). In one study, the authors showed that network has an indirect impact
on ecological health because it helps to share information and knowledge across individu-
als and to promote cooperation among members of the network (Barnes et al., 2016). Thus,
a stronger network connection, which is the main characteristic of network structure, is
one of the effective social incentives to enhance environmental behavioral change.

Network size (which is the number of individuals in the network who engage in pro-
environmental behavior or the number of environmental organizations that an individual
participates in). Several studies have indicated that a larger network size is responsible
for weaker network connection or less social interaction because individuals in a society
or group only make contact or interact frequently with others living close to them (Derk-
sen and Gartrell, 1993; Yau, 2010; Yang et al., 2013). Our forest plot (Figure 1.7) suggests
that network size has no effect on pro-environmental behavior. Meta-regression results
also support this finding by indicating that other groups of social incentives have positive
effects on pro-environmental behavior compared to network size (as the base category).9

8Good sense of community means that individuals frequently interact with each other and that they care
more about their community.

9It should be noted that the effect of network size corresponds to the regression intercept. The latter also
corresponds to the overall effect size in the meta-regression. Moreover, it represents the effect of the base
category for other groups of dummies (more precisely, census data among types of data collection methods
and Europe among geographical regions). Consequently, we cannot separately identify the overall effect
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(see Table S4, columns (1’) and (3’) with effect size coefficient and partial correlation co-
efficient as dependent variables, respectively) the intercept may become (significantly or
not) negative. This is because the latter also includes the effect of the base category of
social incentive (i.e., network size). Hence, increasing network size will not result in a
better environmental outcome, ceteris paribus. By comparing this result with the network
connection, we would expect that if an increase in the network size is accompanied by a
stronger degree of connection between individuals, than the adverse effect of network size
can be more than offset by the positive effect of connections between individuals, leading
to a pro-environmental action. In other words, when requiring this combination of net-
work size and network connection, the point of vigilance must be to observe the necessary
condition of an increase in the connection.

Leadership (which can be defined as the sense of leadership in a network). In order to
have a sustainable network, the presence of a good leader appears to be necessary. This
leader is responsible for providing information and keeping people connected. For exam-
ple, some studies showed that a “block leadership" approach treatment10 has a positive
impact on the recycling rate of households because a leader plays an important role in sus-
taining a connection and providing needed information to households within the leader’s
network (Burn, 1991; Hopper and Nielsen, 1991). However, the coefficients of leadership
in our meta-analysis regression are positive but statistically insignificant compared to the
network size (see Table 1.5). This is not surprising because among the positively signif-
icant results of leadership, there are some studies that reported the positively small and
even negative impact of leadership on pro-environmental behavior (see the forest plot in
Figure 1.7).11 For example, one study indicated that the presence of a leader in groups
that have the autonomy to craft governance rules for their environmental resource, can
encourage the group’s collective action toward resource conservation, but discourage re-
source conservation when groups are subject to rules imposed by others (Van Laerhoven,
2010).12

size, the effect of network size, and the effect of the base category for other dummy groups. A simple meta-
regression without variables of interest (i.e., social incentives) and without any control variable gives a very
rough estimation of the overall effect size (see Table 3, also corresponding to a test for publication bias). When
this meta-regression is increased by social incentive dummies

10Block leaders are volunteers who help inform people in their groups about a certain issue.
11We also re-estimated the model by excluding one paper that reported a negative impact of leadership,

and obtained the same results. Thus, we can be confident that an outlier is not present in our data.
12A detailed analysis of the autonomy to craft governance rules would be interesting but is beyond the

scope of this paper. Thus, it would be interesting for future studies to take it into account when studying the
impact of leadership on pro-environmental behavior.
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1.2.3 Trust

Another important social incentive is trust since it is applicable to the relationships among
people (Lewis and Weigert, 1985). Higher levels of trust (in institutions or in others) can
help to ensure stronger social interactions, which could indeed strengthen the collective
action. Pro-environmental action cannot be sustained if there is neither trust among indi-
viduals (trust in others) nor trust toward the institutions (government or leaders).

Trust in institutions (which can be defined as individuals’ trust in their government,
institutions, or their leader). Our meta-analysis results (Table 1.5) show that trust in in-
stitutions is a driver of pro-environmental behavior. A lack of trust in government can
lead to a negative individual perception of an institutional design/government program
and prevent the individual from participating in it. For example, a well-designed agri-
environmental contract cannot completely replace a farmer’s trust in the government (Pol-
man and Slangen, 2008). The rate of participation in an environmental program can be
increased by motivating people and by maintaining and developing institutional trust-
worthiness (Sønderskov, 2009; Xiao and McCright, 2015).

Trust in others (which can be defined as social trust or individuals’ trust in others in the
community, like friends, family, relatives and acquaintances). Regarding the forest plot in
Figure 1.8, trust in others has a positive overall effect on pro-environmental behavior. Sim-
ilar to trust in institutions, maintaining trustworthiness between individuals has a positive
impact on behavioral changes as shown by numerous studies (Yan et al., 2018). However,
our meta-regression results cannot confirm the significant impact of trust in others on pro-
environmental behavior (see Table 1.5). Some of the existing literature suggests that trust
in others may fail to motivate new attitudes about environmental issues and pollution
(Hao et al., 2019). In their study, the authors argued that a higher level of trust within a
close network can cultivate a sense of comfort and security and thus makes people less
likely to respond to less immediate and indirectly observable environmental issues. One
study indicated that trust in others performing resource conservation behavior may have
a low impact on resource extraction because of the subtractability property of the common
resource (i.e., consuming an additional common resource would decrease the available
resources for others) (Beitl, 2014a). As a result, because of the resource constraint, individ-
uals who trust in others performing resource conservation feel that they have no choice
but to harvest whatever the environment provides.

1.3 Discussions and conclusion

Our results suggest that to promote pro-environmental behavior in society, policy-makers
should focus on at least three issues. Firstly, we find that internal social influence is the
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most important social incentive that positively affects pro-environmental behavior. This
means that internal social influence that motivates people to change their perceptions and
attitudes are very important and necessary to promote pro-environmental behavior. In
addition to internal social influence, our results also suggest that external social influence
also results in a positive impact on pro-environmental behavior but it is less effective com-
pared to internal influences. This result is in line with the existing literature that holds
that internal social motives are better than external ones because they guide people into
changing their behaviors, whereas external influences can drive people to perform a cer-
tain action though compliance and identification, but it is not enough to motivate them
to change their perceptions and attitudes toward a sustainable behavior (Turner, 1991;
Cialdini and Goldstein, 2004; Harpine, 2015). This result implies that impacts of an envi-
ronmental policy can be under-estimated if policy-makers do not include social influence
in their decisions regarding environmental issues.

Secondly, since network connection promotes pro-environmental behavior, the ef-
fectiveness of a conservation policy can be improved only if connections or interactions
among individuals are increased. This finding does not support an existing conjecture
(De Young et al., 1995), which hypothesizes that increasing interactions between individu-
als in a large structure can be bad for social conservation behavior. One example validating
our results relates to pecuniary and non-pecuniary mechanisms in a spatial coordination
game (Banerjee, 2017), consisting of giving agglomeration bonuses to people who interact
in an enlarged network. It is shown that these bonuses can enhance coordination towards
environmental conservation programs.

Finally, we find that trust in institutions (governments, institutions or leaders) is
needed to ensure a positive impact of policy on pro-environmental behavior. It is impor-
tant because trust of citizens in government can dictate individual behavior in a way that
could shape policy design and generate desired policy outcomes. For instance, trust in in-
stitutions could help to reduce the risk of free-riding and opportunistic behavior because
citizens would be willing to sacrifice some immediate personal benefits (by contributing to
common goods, for example) if they have positive expectations of the long-term outcomes
of the government’s policies (e.g., environmental policies, etc.) (Irwin, 2009). In other
words, a successful environmental policy depends largely on trust in institutions through
increased transparency, communication strategy, and interaction with populations, etc.
(Polman and Slangen, 2008; Zannakis et al., 2015).

In this study, we quantified the strength and relevance of seven groups of social in-
centives of pro-environmental behavior, which constitutes our main contribution in this
study. One issue which has not been fully addressed is the impact of a country’s cultural
differences on pro-environmental behavior. Our meta-regression partially addressed this
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issue by using geographical regions and study-specific effects. The coefficient of MEA
(i.e., Middle East & Africa) is positive and significant (although at the 10% significance
level only), supporting a relatively higher effect compared to Europe (as the base cate-
gory). However, we admit that our approach cannot satisfactorily address the differences
in national cultures. This issue is important enough to be investigated in depth in a future
study, in which the general characteristic of a national culture can be captured by using
the Hofstede’s values, for example, and adopting a previously proven approach (Morren
and Grinstein, 2016).

1.4 Methods

1.4.1 Data collection

The dataset in our study was built using the Web of Science, Google Scholar, PubMed, SagePub,
and ScienceDirect databases, as well as some other relevant journal websites. We used key-
words to search for related pro-environmental behavior and social incentives.1314 With
these systematic keyword searches, we collected all the published and unpublished works
(1,515 papers). We then did the abstract analysis and excluded all studies that are du-
plicated, working papers, books, papers without estimation results and papers with only
simulation results.

We then put all these papers into our meta-analysis dataset (307 papers). We elim-
inated all the papers that did not include standard errors, t-values, p-values, confidence
intervals or significance levels. For those with t-values, p-values and confidence intervals,
we calculated the standard errors. For those that included only the significance level, we
computed the standard errors at the reported significance level. For those that reported
insignificant results, we computed the standard errors at a 50% significance level (Abra-
hamse and Steg, 2013; Rosenthal, 1991). After this step, we obtained 92 eligible studies.
We continued screening the references of these eligible studies and found an additional
23 eligible records (in 55 relevant studies). An additional update search was conducted
in January 2020 with an additional ten eligible studies found (in 29 relevant studies). We

13The keywords that we used: “pro-environmental behaviors", “sustainable behaviors", “environmental
conservation", “energy conservation", “water conservation", “recycling", “waste recycling", “social incen-
tives", “social intervention", “social influence", “social interaction", “norms", “nudges", “networks", “network
structures", “group size", “network size", “network connections", “network density", “leader", “leadership",
“social expectation", “social comparison", “peer influence", “trust", “social trust", “institutional trust", “trust
in others" or “trust in government" and all possible combinations of these keywords.

14We also took both UK and US English into account when performing our keyword searches (e.g., behav-
iors and behaviours.) and with/without plurals and with Boolean operators (OR, AND, *).



1.4. Methods 63

eventually ended-up with 125 studies in the last step. These 125 studies led to 185 ob-
servations in our meta-analysis data.15 A flow diagram of data collection is presented in
Figure 1.2. The entire dataset is summarized in Table 1.9, and the descriptive statistics in
Table 1.4. The description of study characteristics and the correlation matrix of the social
incentives are provided in Tables 1.7 and 1.8.

1.4.2 Dependent variable

Pro-environmental behavior is defined as “behavior that consciously seeks to minimize
the negative impact of one’s actions on the natural and built world" (Kollmuss and Agye-
man, 2002). Pro-environmental behavior in our meta-analysis is measured across 13 dif-
ferent types of pro-environmental behaviors identified from the literature (including pro-
environmental behaviors, pro-environmental intentions, energy consumption, energy con-
servation, water consumption, water conservation, recycling, environmental conservation,
environmental program, environmental groups, green consumption, resource extraction,
and workplace pro-environmental behaviors). The definitions of dependent variables are
provided in Table 1.1. The detailed descriptive statistics of 13 different types of pro-
environmental behaviors are reported in Table 1.4. We observed that social incentives
are more efficient in promoting pro-environmental intention and green consumption but
less efficient in encouraging resource conservation.

The effect sizes are the coefficient estimates in the selected studies. The standard error
of the effect sizes are the standard errors of the coefficient estimates. We also calculated
the standard error when papers reported only t-values, p-values, confidence intervals or
significance levels as previously mentioned. In order to account for heterogeneity in ef-
fect sizes across studies, we performed weighted meta-regressions (see details in Meta-
regression section). In order to summarize and compare the results from various studies,
in addition to the effect sizes included in the weighted regressions, we also used the par-
tial correlation coefficients (PCCs) that are often used in meta-analysis in order to make
comparable different studies which are based on different units of measurement (Doucou-
liagos and Ulubaşoğlu, 2008; Efendic et al., 2011).16 (Greene, 2003). The standard errors
of the PCC are calculated using the formula: SEpccij =

PCCij
tij

. It should be noted that we
did not explore the possibility of using the standardized effect sizes to compare the magni-
tudes of variable coefficients because it leads to a reduction in the number of observations
due to missing data on standard deviations of dependent variables and regressors.

15In some papers, the authors used more than one social variables to examine the impacts on pro-
environmental behavior.

16The PCC can be calculated by the t-statistics of the reported regression estimate tij and the regression

degrees of freedom d fij: PCCij =
tij√

t2
ij+d fij

, where i is the observation i in the study j
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1.4.3 Predictor variables

Our predictor variables are seven social incentives dummies, including internal and exter-
nal social influence, network factors (network size, network connection and leadership),
trust in others and trust in institutions. The detailed definitions of these seven social dum-
mies are given in Table 1.2. The descriptive statistics are given in Table 1.4. The results of
the descriptive statistics in Table 1.4 suggest that internal social influence and trust in insti-
tutions are more effective in general compared to other social incentives for encouraging
pro-environmental behavior. The table also shows that the two social incentives com-
monly studied in the existing literature are internal and external social influence. They
accounted for 33.3% and 25.7% of the observations, respectively. Meanwhile, the less com-
monly used social incentive factor is network size, with only 4.92% of the observations.

1.4.4 Control variables

In order to address the issue of geographical difference or other factors correlated with
geographical regions (i.e., regional heterogeneity), we first controlled for the difference
between regions (including America, Asia & Pacific, Europe, Middle East & Africa (MEA)
and Multiple countries). The list of countries is provided in Table 1.7. Second, we ac-
counted for the heterogeneity across different specifications in terms of control variables
(demographic characteristics, education, income, etc.). Third, we included the types of
data collection methods that were used in the studies, such as experiment, direct con-
tact, indirect contact and census data. Fourth, we also controlled for types of targeted
populations to capture the difference among households, demographic-related popula-
tion (students, teachers, children or residents), agriculture-related, employed, and other
population groups. Finally, we included the study’s publication year to capture the time
trend of pro-environmental behavior estimates since we observed an increase in effect size
(PCC) of the reported pro-environmental behavior across publication year (see Figure 1.3).
Variable definitions and descriptive statistics are reported in Table 1.4.

According to the results of Table 1.7, we observed that most of our selected studies
were done in the Americas with 37 studies in all. However, a smaller number of studies
was conducted in the MEA (Middle East and Africa) countries. On average, only 62 papers
in our study controlled for demographic variables (including household size, age or gen-
der), and only some 40 papers controlled for education and income variables (including
participants’ education levels and income or wages). Most of our studies were conducted
using direct contact (including face-to-face interviews, telephone interviews and question-
naires). The most common population used to investigate pro-environmental behavior
was households, with 65 studies in all. A smaller number of studies targeted agriculture-
related populations such as farmers, fishers or forest users.
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1.4.5 Publication bias

Figure 1.4 shows the funnel plot with the regression residuals compared to their corre-
sponding standard errors. This graph is used to access the publication bias (Patterson
et al., 2003; Sterne and Egger, 2001)17. In the absence of a publication bias, we would ex-
pect that the majority of the points would fall inside of the pseudo-confidence region with
bounds α̂± 1.96SE, where α̂ is the estimated effect of the mixed-effects model and SE is
the corresponding standard error value (Sterne and Egger, 2001). Egger’s regression test
for funnel plot asymmetry: z-stats = 3.256, p = 0.001 suggests that asymmetry is present in
the funnel plot (Egger et al., 1997). This implies that positive estimates may be preferably
selected for publication. We should therefore focus on the formal methods of detection
of and correction for publication bias. According to the literature, we should regress the
estimated effect size on its standard error (Stanley and Doucouliagos, 2010).

PCCij = β0 + β1SEpccij + εij, (1.1)

where, the coefficient β0 denotes the overall (average) effect size and β1 measures the
magnitude of the publication bias.

Since Equation (1.1) is heteroskedastic, we apply the weighted least squares with the
weights corresponding to the standard errors of the effect size (1/SEpccij) (Stanley, 2008).
In order to control for the dependence of estimates within a study because of multiple es-
timates per study, we apply the multivariate mixed-effect model (Doucouliagos and Stan-
ley, 2009).

PCCij

SEpccij
= β1 + β0

1
SEpccij

+ αj
1

SEpccij
+

εij

SEpccij
, (1.2)

where, αj is the study-level random effect and µij ≡
εij

SEpccij
is the estimate-level distur-

bances.

Estimation results of Equation (1.2) are provided in Table 1.4. The results suggest that
the null hypothesis β1 = 0 is rejected at the 10% significance level, which means that there
is evidence of funnel asymmetry. The positive constant suggests that publication selection
is favorable to positive effects. This is also in line with the results of Egger’s regression
test.

17Publication bias is a type of bias that refers to the distortion of empirical data representation on a subject
Sterling (1959). For instance, empirical data is distorted because reviewers of scientific journals tend to accept
studies with positive significant effects rather than those with negative or insignificant effects
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1.4.6 Forest plots and heterogeneity

Figures 1.5-1.8 display the forest plots of effect sizes and their precision.18 Studies are
divided into seven sub-groups of social incentives, i.e. internal social factor (Figure 1.5),
external social factor (Figure 1.6), network factors including network size, network connec-
tion and leadership (Figure 1.7) and trust, including trust in others and trust in institutions
(Figure 1.8). The overall effect size of each sub-group (indicated by a diamond) is also at
the bottom of each study subset.

The overall effect size of all studies is first calculated by fitting a random-effect model
(β = 0.132, 95%CI = [0.107, 0.157]).19 Viechtbauer (2005).,20 This suggests that social in-
centives are generally good at encouraging pro-environmental behavior. The Cochran Q-
statistic for heterogeneity, which is the weighted deviations related to the summary effect
size, is also calculated (Cochran, 1954). The Q-test statistic Q(d f = 184) = 18867.97 with
p < 0.001 suggests that heterogeneity exists in our meta-analysis (statistically significant
between-study variance).

In order to deal with the heterogeneity of study effect sizes, we applied the moder-
ator analysis with several control variables: differences between regions, differences in
specification (presence of demographic, education and income variables), data collection
methods (field experiment, direct and indirect method, and census data), types of popu-
lation (households, employed, agriculture-related, etc.) and publication year.21 We fit the
mixed effect model with restricted maximum likelihood and with the Cochran Q-stat =
7568.11, df=168, p < 0.001.22

1.4.7 Meta-regression model

We adopted the meta-regression analysis method to further shed light on the “black box"
of our meta-analysis results (Havranek and Irsova, 2011; Stanley and Jarrell, 1989). We
used the following meta-regression model (where i = 1, 2, ..., N and and j = 1, 2, ..., M
stand for observations and studies, respectively):

18The forest plot displays the results of several studies with horizontal lines showing the confidence interval
for each study and a mark to show the point estimate. It provides visual presentation of the amount of
variation between the results of the studies, as well as an estimate of the overall result of all the studies
together Freiman et al. (1978).

19When the between-study variance is non-zero, the random-effect model for meta-analysis is a well-known
approach to account for heterogeneity among studies. The RE model is fitted using the restricted maximum
likelihood, which is the most recommendable property

20The random effect model: PCCij = β + αj + εij, where αj is the study-specific random effect; εij is the
error term; β is the overall effect size. The regression is weighted by a weight equal to 1/(τ2 + vi), where vi is
individual variance and τ2 is between study-variance, typically preferred to as the amount of heterogeneity
(Kalaian and Raudenbush, 1996).

21Q-test for moderator: QM(d f = 16) = 40.66, p < 0.001.
22The mixed effect model: PCCij = β0 + β1SEpcc + ∑L

l=1 δl Zijl + αj + εij, where δl is the fixed slope, αj is
the study-specific random effect, εij is the error term and β1 is the publication bias.
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yij = β0 + β1xij +
K

∑
k=1

γkSDijk +
L

∑
l

δlZijl + αj + ε ij, (1.3)

where, yij is either the effect size coefficient (Coe fij) or the partial correlation coefficient
(PCCij) of observation i and study j. Note that xij, included here to account for the publi-
cation bias, corresponds to the standard error of Coe fij (SE) or the standard error of PCCij

(SEpcc) depending on the considered regression. A positive (negative) value of β1 implies
a positive (negative) publication bias. SDijk are the social incentives dummies including
internal social influence, external social influence, network size, network connection, lead-
ership, trust in others and trust in institutions (there are K=7 social incentives dummies,
network size being the base category). Zijl is a vector of study-level characteristics (L=18
control variables). In Equation (1.3), the meta-regression coefficients δl represent the bias
related to L variables including differences between geographical regions, model specifi-
cations (demographic, education and income factors), types of study (field experiment or
laboratory experiment, etc.), types of population and publication year. A positive (nega-
tive) value of δl implies a positive (negative) bias. Finally, ε ij is the meta-regression model
error.23

Because most of the primary literature uses different data-sets, different dependent
variables, different types of data collection methods and different sample sizes, it is rea-
sonable to suspect that the meta-regression error is likely to be heteroskedastic. We there-
fore estimated the model using weighted least squares (WLS) with weights given by 1/ei

(ei is the observation’s standard errors).24

In summary, we performed the following two regressions with two different depen-
dent variables (PCC or Coef): (1) WLS with weights given by 1/ei; and (2) the mixed
effect model with weights given by 1/(τ2 + vi), where vi is individual variance and τ2

is between-study variance, typically preferred as to the amount of heterogeneity (Kala-
ian and Raudenbush, 1996). Standard errors are calculated using 2000 bootstraps. The
estimation results are provided in Table 1.5 and results with all control variables in Table
1.9.

In addition, in order to investigate the impact of the aggregation level of social incen-
tive factors, we organized the seven social incentive groups into three higher aggregated

23Note that because of the presence of predictor variable dummies and control variable dummies, the inter-
cept of the meta-regression above (β0) cannot help to separately identify the overall effect size and the values
of the base categories of these groups of dummies.

24When the individual standard error is unknown, the model is estimated using weighted least squares
(WLS) with weights given by 1/

√
Ni where Ni is the study’s sample size. When the individual standard error

ei is known, the heteroskedasticity can also be corrected by weighted least square regression with weights
given by 1/ei (Stanley and Jarrell, 1989; Wolf, 1986).
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social groups (i.e. social influences, network and trust). We fit the same model in Equation
(1.3) with mixed-effects using these three social incentives dummies (the network group
being the base category). We fit the model in Equation (1.3) (see Model (6) in Table 1.5). To
compare the model of seven social incentives dummies with that of three social incentives
dummies, we applied the Wald test with null hypothesis of the equality between the co-
efficients of internal and external social influence dummies, equality between coefficients
of network connection, leadership and network size (i.e., the regression intercept), and
equality between trust in institutions and trust in others dummies. The Wald test statis-
tic χ2(4) = 17.61 with p = 0.001 suggests that the model with seven social incentives
dummies is preferable.25 This result implies that our proposed model with seven social
incentives dummies is better than the model with three higher-aggregated social incen-
tives dummies. Moreover, in order to compare the magnitude of the impacts of the seven
social incentives dummies for Model(4), we calculated the corresponding standardized
coefficients as:

γ̃k = γ̂k
s(SDijk)

s(PCCij)
,

where γ̂k is the estimated coefficient of predictor k, s(SDijk) and s(PCCij) are the sam-
ple standard deviation of the predictor k and the dependent variable (PCC), respectively.
Standardized coefficients for other control variables are similarly defined.

25The computed statistic of an alternative test (likelihood ratio test) is χ2(4) = 16.92 with p = 0.002, also
suggesting that the unrestricted model (i.e., model with seven social incentives dummies) is preferable.
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Figures

Figure 1.1: Seven groups of social incentives.

Figure 1.2: Flow diagram of data collection.
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Figure 1.8: Forest plot of trust factors.



92 BIBLIOGRAPHY

Tables

Table 1.1: Definitions of dependent and predictor variables.

Variables used in collected studies Variables used in our study

Household/individual/self-reported/climate-change pro-environmental actions
(behaviors). Pro-environmental behavior

Pro-environmental behaviors

(Private) environmental actions (behaviors).
Collective environmental actions (behaviors).
Pro-environmental/behavioral intentions.

Pro-environmental intentions
Environmental efficiency intention.
Intention to engage in pro-environmental actions/waste sorting.
Intention to reduce car-travel/environmental problems/climate issues.
Percentage change in total energy consumption.

Energy consumptiona
Monthly/weekly/daily energy consumption.
Self-reported energy conservation/electricity reduction.

Energy conservationEnergy-saving behaviors/intentions.
Use acceptable techniques to conserve energy/installing new solar PV system.
Monthly/weekly water use. Water consumptiona

Sustainable water consumption behavior/water conservation.
Water conservationWater-sensitive gardening (car washing) behavior/using recycled (desalinated) water.

Soil and water conservation investment.
Frequency of recycling.

Recycling
Household waste collected/proportion of waste recycled.
Number of items recycled.
Intention to perform household recycling/recycling intention/waste separation
intention.
Number of trees planted on private land/intention to participate in tree planting.

Environmental conservation
Estimated CO2 emission saving.
Restriction of intensive practices/adopt organic farming/reduce pesticide use.
Regularly engaging in resource/forest monitoring.
Soil conservation.
Participation in a solar program.

Environmental programsContribution to a tree planting project (conservation program/environmental
protection).
Intention to participate in environmental activities.
Participation in environmental group (cooperatives). Environmental groups
Climate friendly food consumption/green purchasing behaviors. Green consumption
Shark bycatch/fishing behaviors. Resource extractiona

Workplace pro-environmental behaviors.
Workplace environmental behaviors

Employee green behavior/organizational environmental behavior.
Household (energy/electricity/water) consumption report (feedback)/group-level
feedback/comparative feedback.

Internal social influence

Social influence factors

Attitude toward pro-environmental behaviors.
Fear of social sanctioning/neighbors-judge.
“Green to be seen" (visibility) effect.
Personal norm/self-identity/environmental identity.
Instrinsic motivation/normative motives/willingness to sacrifice for the environment.
Information treatment (about other behaviors/environmental messages/environmental movies)

External social influence
Social norms/descriptive norms/subjective norms/injunctive norms/community norms.
Installation base (number of solar PV installation in the neighborhood).
Peer educator treatment/peer influence.
Second-order normative belief.
Eco-network (number of environmentally-minded friends)/number of friends engaged in
household recycling.

Network size

Network factors

Structural social capital/social network (number of environmental associations participated in).
Work group size (number of employees in the work group)/group size/number of users in a
forest group.
Network ties to environmental group/environmentalists/belonging to a strong tied network.

Network connection
Bonding social capital (frequency of meetings with friends and relatives)/neighborhood
connection/group identification.
Community ties/sense of community/community attachment.
Frequency of engaging in environmental cooperative activities.
Leadership support (in pro-environmental actions).

Leadership
Block-leadership approach treatment.
Leader’s voluntary green workplace behaviors/green transformational leadership/leader’s
behaviors.
Presence of a group leader.
Interpersonal trust/generalized trust/social trust.

Trust in others

Trust

Feeling of trust and safety/most people can be trusted.
Trust index/level of trustworthiness/level of trust in family and friends.
Government trust/institutional trust/political trust.

Trust in institutions
Level of trust in public institutions.
Trust in government/trust institution in general.
Belief in government competence.

Notes: a Reverse coded.
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Table 1.2: Definitions of predictor variables

Variables used in collected studies Variables used in our study

Household (energy/electricity/water) consumption report (feedback)/group-level
feedback/comparative feedback.

Internal social influence

Social influence factors

Attitude toward pro-environmental behaviors.
Fear of social sanctioning/neighbors-judge.
“Green to be seen" (visibility) effect.
Personal norm/self-identity/environmental identity.
Instrinsic motivation/normative motives/willingness to sacrifice for the environment.

Information treatment (about other behaviors/environmental messages/environmental movies)

External social influence
Social norms/descriptive norms/subjective norms/injunctive norms/community norms.
Installation base (number of solar PV installation in the neighborhood).
Peer educator treatment/peer influence.
Second-order normative belief.

Eco-network (number of environmentally-minded friends)/number of friends engaged in
household recycling.

Network size

Network factors

Structural social capital/social network (number of environmental associations participated in).
Work group size (number of employees in the work group)/group size/number of users in a
forest group.

Network ties to environmental group/environmentalists/belonging to a strong tied network.

Network connection
Bonding social capital (frequency of meetings with friends and relatives)/neighborhood
connection/group identification.
Community ties/sense of community/community attachment.
Frequency of engaging in environmental cooperative activities.

Leadership support (in pro-environmental actions).

Leadership
Block-leadership approach treatment.
Leader’s voluntary green workplace behaviors/green transformational leadership/leader’s
behaviors.
Presence of a group leader.

Interpersonal trust/generalized trust/social trust.
Trust in others

Trust

Feeling of trust and safety/most people can be trusted.
Trust index/level of trustworthiness/level of trust in family and friends.

Government trust/institutional trust/political trust.

Trust in institutions
Level of trust in public institutions.
Trust in government/trust institution in general.
Belief in government competence.

Table 1.3: Test of the publication bias

Variables Coefficient

Intercept 0.027
(0.063)

SEpcc 2.064∗

(1.186)

Observations 185
Studies 125

Notes: Meta-regression based on multivariate mixed-effect
model with PCC as dependent variable and weights = 1/SEpcc.
Standard errors are in parentheses.
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Table 1.4: A brief summary of the descriptive statistics

Definition Mean SD
Dependent variables
PCC Partial correlation coefficient. 0.136 0.151
Coefficient Effect size coefficient. 1.682 16.392

Predictor variables
SEpcc Standard error of the partial correlation coefficient. 0.053 0.043
SE Standard error of the effect size coefficient. 0.827 5.767
Social influence factors
Internal social influence =1 if there is the presence of internal influence,

such as personal norms, attitudes, intrinsic
motivation or comparative feedback treatments.

0.333 0.472

External social influence =1 if there is the presence of external social
influence, such as norms, peer influence or
environmental information treatments.

0.256 0.438

Network factors
Network size =1 if there is the presence of environmental

network (group) size or friend (neighbor or work)
group size.

0.049 0.216

Network connection =1 if there is the presence of network (social,
neighborhood, community or environmental
group) ties.

0.103 0.305

Leadership =1 if there is the presence of a group leader or
leadership support in pro-environmental
behaviors.

0.065 0.248

Trust
Trust in institutions =1 if there is the presence of individual trust in

institutions (government, leaders or
public/environmental institutions).

0.076 0.266

Trust in others =1 if there is the presence of individual trust in
others (family, friends, neighbors or community).

0.114 0.319

Control variables
Differences between geographical regions
America =1 if study was conducted in the Americas. 0.248 0.433
Asia & Pacific =1 if study was conducted in Asia and the Pacific. 0.300 0.459
Europe =1 if study was conducted in Europe. 0.300 0.459
MEA =1 if study was conducted in the Middle East and

Africa.
0.043 0.205

Multiple countries =1 if study was conducted in more than one
country.

0.103 0.305

Difference in model specifications
Presence of demographic control =1 if study was controlled for household size, age

or gender.
0.502 0.501

Presence of education control =1 if study was controlled for participants’
education level.

0.327 0.470

Presence of income control =1 if study was controlled for household income,
wages or country GDP.

0.360 0.481

Types of data collection method
Experiment =1 if study was conducted using field experiment

or laboratory experiment.
0.120 0.326

Direct contact =1 if study was conducted using face-to-face
interview, telephone interview or questionnaires.

0.453 0.499

Indirect contact =1 if study was conducted using online survey or
mail (email) survey.

0.311 0.464

Census data =1 if study was conducted using census data. 0.114 0.319

Types of population
Employed =1 if study’s population is employers or employees. 0.097 0.297
Demographic-related =1 if study’s population is students, teachers,

children or residents.
0.200 0.401

Household =1 if study’s population is households. 0.502 0.501
Agriculture-related =1 if study’s population is farmers, fishers or forest

users.
0.081 0.273

Others =1 if study’s population is car-drivers, internet
users, investors, landowners, tourists or countries.

0.118 0.324

Publication year Study’s publication year. 22.808 5.263
Notes: The detailed definitions of dependent and explanatory variables are provided in Table 1. The detailed descriptive
statistics is given in Table S3 (in the Appendix).
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Table 1.5: A brief summary of the meta regression results

Coef PCC

Weighted least
squares

Mixed-effect
model

Weighted least
squares

Mixed-effect
model, 7 social

incentives

Standardized
coefficient of

model (4)

Mixed-effect
model, 3 social

incentives

Variables (1) (2) (3) (4) (5) (6)

Social influence 0.058∗∗∗

(0.017)
Internal social influence 0.218∗∗∗ 0.255∗∗∗ 0.127∗∗ 0.149∗∗∗ 0.8436

(0.088) (0.066) (0.053) (0.042)
External social influence 0.090 0.151∗∗ 0.079 0.082∗ 0.4344

(0.096) (0.069) (0.063) (0.045)
Network factors
Leadership 0.058 0.133 0.075 0.053 0.1504

(0.113) (0.092) (0.057) (0.058)
Network connection 0.085 0.169∗∗∗ 0.018 0.090∗∗ 0.3392

(0.101) (0.071) (0.072) (0.045)

Trust -0.004
(0.029)

Trust in institutions 0.208 0.223∗∗∗ 0.083 0.108∗ 0.3371
(0.141) (0.100) (0.077) (0.062)

Trust in others 0.048 0.068 -0.033 0.029 0.1105
(0.112) (0.075) (0.075) (0.047)

Control variables
Difference between regions
(Europe as baseline)
MEA 0.158 0.136∗ 0.130∗ 0.118∗ 0.2853 0.103∗

(0.610) (0.070) (0.076) (0.062) (0.066)
Presence of demographic
variables

-0.211∗ -0.069 -0.112∗∗∗ -0.075∗∗ -0.4488 -0.074∗∗

(0.141) (0.063) (0.028) (0.034) (0.035)
Presence of education variables 0.096 0.057 0.093∗ 0.055∗ 0.3158 0.054∗

(0.092) (0.046) (0.060) (0.033) (0.033)
SE (or SEpcc) 1.953∗∗ 1.252∗∗∗ 1.058∗∗ 1.157∗∗∗ 1.101∗∗∗

(0.838) (0.182) (0.628) (0.380) (0.373)

Intercept -10.010 -11.941∗ -3.458 -5.542 -6.606
(9.938) (6.248) (5.445) (3.597) (5.330)

Observations 185 185 185 185 185
Studies 125 125 125 125 125

Notes: Meta-regressions with effect size coefficient or partial correlation coefficient as dependent variables. All the columns are obtained from regressions using seven
social incentive groups (network size as the base category), except the last one that is based on the regression using three higher-aggregated social incentive groups
(network as the base category). Full estimation results with all control variables are given in Table S5 in the Appendix.
Weighted least squares are estimated with weights equal to 1/SE (or 1/SEpcc). In the multivariate mixed-effect model, the weight is calculated using 1/(τ2 + vi),
where vi is individual variance and τ2 is between study-variance or typically called the amount of heterogeneity (Kalaian and Raudenbush, 1996).
The Wald test of Model in column 4 vs. Model in column 6 is χ2(4) = 17.61 with p = 0.001, suggesting that Model in column 4 is preferable.
Bootstrap standard errors with 2000 replications are in parentheses.
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Table 1.7: Study characteristics.

Study characteristics Number of observations Number of papers

Publication period
1991-2005 9 5
2006-2010 33 19
2010-2015 58 41
2016-2020 85 62

Data collection method
Field experiment 19 17
Laboratory experiment 3 3
Face-to-face interview 27 16
Telephone interview 6 3
Online survey 35 22
Mail survey 22 16
Questionnaires 52 36
Census data 21 12

Country by regions
America 46 37

Canada 5 4
Mexico 1 1
US 38 30
Bolivia 1 1
Ecuador 1 1

Asia & Pacific 55 35
Australia 11 6
China 19 13
Hong Kong 1 1
Japan 2 1
Malaysia 5 3
Nepal 1 1
New Zealand 1 1
Singapore 2 1
South Korea 6 3
Taiwan 8 4
Thailand 1 1

Europe 55 36
Belgium 2 1
Finland 1 1
France 2 1
Germany 6 3
Ireland 2 1
Italy 9 5
Netherlands 9 6
Norway 3 2
Poland 1 1
Spain 3 2
Sweden 1 1
Switzerland 5 2
Turkey 2 2
UK 9 8

Middle East and Africa (MEA) 8 6
Ethiopia 3 2
Israel 1 1
Kenya 3 2
South Africa 1 1

Multiple countries 19 11
Africa, America, Asia 3 1
Europe 9 4
Germany and Japan 1 1
UK, Europe, North Africa 1 1
UK, US, Denmark, and Sweden 2 1
US, Canada 1 1
US, Europe, South Africa, Asia 1 1
US, UK, Romania, Italy 1 1
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Table 1.8: Correlation matrix of seven social incentive dummies.

External social
influence

Internal social
influence

Trust in
institutions

Trust in
others

Network
size

Network
connec-
tion

Leadership

External social
influence

1.00

Internal social
influence

-0.08 1.00

(0.263)

Trust in
institutions

-0.06 -0.04 1.00

(0.406) (0.620)

Trust in others -0.07 -0.04 -0.03 1.00
(0.327) (0.559) (0.664)

Network size 0.02 0.01 0.01 0.01 1.00
(0.755) (0.852) (0.890) (0.870)

Network
connection

-0.12 -0.07 -0.05 -0.06 0.02 1.00

(0.116) (0.350) (0.488) (0.413) (0.794)

Leadership -0.06 -0.04 -0.03 -0.03 0.01 -0.05 1.00
(0.416) (0.628) (0.719) (0.671) (0.892) (0.497)

Notes: The p-value of the Pearson correlation coefficient is in parentheses. The Pearson correlation coefficient suggests that there is no
multicollinearity in our seven social incentive dummies.
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Chapter 2

Social comparison in networks: A
common pool resource game1

2.1 Introduction

For centuries, our massive exploitation of common pool resources (e.g., forests, oceans,
fishing pounds and atmosphere, etc.) has caused serious damages to the environment,
such as ecological disturbances and pollution (Ostrom, 2008). In his theory of the tragedy
of commons, Hardins explained the massive exploitation by indicating that common pool
resources (henceforth CPRs) share a same “non-excludability" property with public goods
(henceforth PGs), but consumption of CPRs creates negative externality for all other peo-
ple who shares the CPRs, which is known as the “subtractability" (Hardin, 1968). The
“subtractability" property means that an additional CPR consumption would decrease the
available resources for others. As a result, it makes the management of a CPR becoming
much more complex compared to a PG because it is hard to prevent people to subtract
units from a common pool.

Several existing literature supported the theory of Hardins (i.e., the theory of the
tragedy of commons) by showing that when human behavior is assumed to be self-interest,
open-access natural resources would undoubtedly lead to over-exploitation problem (Brom-
ley and Cernea, 1989; Pearce and Turner, 1990). This is because individuals would maxi-
mize their resource extraction by equalizing their marginal personal gains with the marginal
cost of extraction. And since a common resource is scarce, each unit of resource extracted
in a common pool would causes a negative externality for others. This would give rise
to an inefficiently high level of extraction, which threatens the long-term sustainability of
the common (Sethi and Somanathan, 1996). The Chilean abalone war, in which the com-
petition between poachers and fisherman in Chile to harvest abalone (the world’s most

1This chapter is based on Tiet T. (2020), Social comparison in networks: A common pool resource game.
Submitted.



120 Chapter 2. Social comparison in networks: A common pool resource game

valuable shellfish) leads to an armed conflict, is an example for the problem of the tragedy
of commons (Gelcich et al., 2010).

However, several studies have challenged the work of Hardin by supporting that
there is a possibility of managing the commons (Ostrom, 1990; Ostrom et al., 1994). In her
study, Ostrom argued that with property rights and government regulations, one could
achieve the successful management of CPRs (Ostrom et al., 1994).2 In addition to the
property rights and regulations, several existing literature suggested that social influences
(e.g., norms, other-regarding preferences, social competition, etc.) are also effective ways
to motivate the common resource conservation. One study indicated that individuals who
have strong social preference would concern more about others’ well-being, are willing to
help others and desires to uphold ethical norms (i.e., other regarding preferences) (Frey
and Meier, 2004).3 For instance, in her book, Ostrom also cataloged several examples in
which communities have successfully managed the CPRs without any help of the central
government, from 16th century Alpine shepherds managing grazing lands to the year of
1980s Japanese villages managing communal forests (Ostrom, 1990). Additionally, some
studies showed that people are willing to contribute to a public good if they know that
others also contribute (i.e., conditional cooperation) Arrow (1970); Frey and Meier (2004).
In this sense, ones may be motivated to extract less the CPRs if they observe the conser-
vation efforts of others. The others could stand for other people in the community or our
close friends (or neighbors) (i.e., the ones who we connect to).

In recent years, several studies have shown that networks could also play an impor-
tant role in mitigating the over-extraction problem. One study indicated that when the
populations dependent highly on the common resources, cooperation could also emerge
and sustain if individuals are located in a network with close proximity and strong social
ties (Cárdenas et al., 2015). This is because individuals often take the decisions of oth-
ers that they observed into considerations before making their decisions, especially the
decisions of their close friends and neighbors (Burkart et al., 2007). For instance, some
behavioral economic experiments suggested that informational sharing through networks
could help to restrain the resource extraction (Mantilla, 2015; Barnes-Mauthe et al., 2013).
Particularly, in their study, the authors found that fisheries in a network could share in-
formation with each other and thus it helps to cooperatively reduce fish by-catch rate
(Barnes-Mauthe et al., 2013). Another study showed that cooperation exists in the CPR
game and network structure plays a key role in reducing the aggregate extraction level of
the CPR (Mantilla, 2015).

2Elinor Ostrom has gotten the Nobel prize for her work in 2009.
3Pro-social behavior has been studied widely in the context of public good game (Isaac and Walker, 1988)

and common pool resource game (Rustagi et al., 2010; Walker et al., 1990) using the experimental data.
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In this paper, we investigate how the social comparison in networks (i.e., ones are in-
fluenced by their close friends or neighbors’ behaviors) affect individual behaviors in the
context of the CPRs. In particular, we consider that individuals are located in a network
and there is an assimilation in social comparison which ones imitate the behaviors of oth-
ers in their networks (Mussweiler et al., 2004). It should be noted that in the presence of
network, agents care more about their neighbors’ behaviors since they are linked to each
other rather than the strangers who are not in their network. Our objective is to explore
how network structures and social comparison can lead to sustainable use and improve
the management of the CPRs. More specifically, we aim to investigate how the assimila-
tion in social comparison in different networks could impact individual behaviors in the
common resource game.

In order to answer this question, we consider in our model that individuals care about
the behaviors of the agents that they connect to (i.e., friends or neighbors). In other words,
each agent is located in a given network and they compare their actions to their direct
neighbors (i.e., social comparison in network). We assume that the social comparison is
assimilative which means that ones change their behaviors in order to minimize the dif-
ference/distance between them and others, which is also known as the “conformity". We
consider the exogenous network in order to observe the causal effect of network on indi-
vidual behavior as network varies. We use the static framework of Nash equilibrium to
examine the outcome of the CPR game under assumptions: each agent in a network has
to decide how much effort to put in extracting the common resource and as the same time
take his or her direct neighborhood behaviors into account in order to maximize his or
her personal utility. Our results suggest that assimilation in social comparison can shape
individual behavior in the way that promotes the resource conservation. But, the assimi-
lation effect on conservation behavior depends conditionally on network structure. More
specifically, assimilation in comparison performs sufficiently well in centralized networks
(like a star network) than decentralized networks (like a circle or complete network) in
encouraging the resource conservation.

The paper proceeds as follows. Section 2 studies the common resource game with
social comparison with the general model. In Section 3, we compute the Nash equilibrium
with the assumptions about the functional form of the production function and social com-
parison. In Section 4, we discuss the welfare analysis. Section 5 summarizes the results of
our numerical analysis. The conclusion and discussion are discussed in Section 6.
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2.2 Common pool resource game

2.2.1 Setup

Let consider that there are N agents, a typical agent is denoted by i. Each agent i has a set
of neighbors which is denoted Ni(g) (i.e., a network of i). Let G is an N × N adjacency
matrix, its element gij represents the relationship between i and j. In particular, if i is linked
to j, then we have gij = 1 for j ∈ Ni(g) and if i is not linked to j, then we have gij = 0 for
j /∈ Ni(g). We suppose that the network is undirected which requires that if gij = 1 then
gji = 1, which means that if i is neighbor of j, then j is also neighbor of i.4 The network of
i is a set of nodes that is linked to i: Ni(g) = {j \ i : gij = 1} or Ni(g) = {j|ij ∈ g}. Let
ki = |Ni(g)| be agent i’s number of neighbors or agent i’s centrality.5

An agent i will face a decision problem of how to optimally allocate his/her effort xi

to extract the resources when taking their neighbors’ behaviors into account. We assume
that agent i’s effort is bounded xi ∈ [0, x̄], where x̄ is the effort capacity. We assume that
total effort function f (X) is concave, in which f (0) = 0, f (X) > 0 if X > 0, f

′
(X) > 0 and

f
′′
(X) ≤ 0, where the total effort X = ∑i xi = xi + x−i. According to “substractability"

property of the CRP, the share of common resources extracted by i is xi
xi+x−i

, which is the
proportion of effort that i make in extracting the resources with respect to the total sum
of all agents’ efforts. Therefore, we have an agent i’s effort function could be written as:
f (X) xi

xi+x−i
. This means that agent i would suffer a resource share loss (i.e., benefit loss

from the CPR) as other agents increase their extraction effort x−i (i.e., “substractability"
property).

Each agent has a network of neighbors in which he or she could observe others’ be-
haviors and compare his or her behavior with others. We denote the difference between
agent i and his/her neighbors by I(xi, xNi(g); δi), where xNi(g) is a set of i’s neighborhood
efforts, and δi is the comparison parameter which is heterogeneous across agents and takes
negative values (i.e., δi < 0). Suppose that if I(xi, x̄Ni(g); δi) = δi(xi − x̄Ni(g))

2 where x̄Ni(g)

is the neighborhood average extraction effort, the negative δi < 0 will then refer to the as-
similation in comparison (i.e., conformity) which means that agents change their behaviors
in order to fit in their groups. We do not explore the possibility of the contrast in compar-
ison (i.e., δi > 0) in this study because no agent is willing to differentiate with others by

4For instance, suppose that there are 3 agents in the network, N = {1, 2, 3} and the adjacency matrix G is
given by

G =

0 1 1
1 0 1
1 1 0


This matrix suggests that there is a circle network of 3 agents in which agent 1 links to agent 2 and 3, agent 2
links to 1 and 3, and 3 links to 1 and 2.

5Centrality of a node is the number of agents that are connected to the agent i (Schweitzer et al., 2009).
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putting less effort in extracting the common resource (since there is a “substractability"
property of the common). On the other hand, because of the contrast in comparison, all
agents would definitely put as much as effort to extract the resource and thus this would
lead to the over-exploitation of the CPRs.

We consider that there exits an ability parameter ηi > 0 such that agent i gains an
amount ηixi for each unit of xi increasing. In other words, agents are heterogeneous in
their ability (i.e., ηi 6= ηj) and an agent who has higher ability (higher value of η) would
be able to gain a higher benefit from each unit of extracted resource. There exist two types
of heterogeneity in our model: idiosyncratic heterogeneity and peer heterogeneity. The id-
iosyncratic heterogeneity captures the fact that agents differ in their ability in extracting the
common resource (Patacchini and Zenou, 2009). The peer heterogeneity is come from the
different network structure, different comparison parameter and thus agents have differ-
ent reference group in the social comparison. For example, with a network of N agents,
the central agent of the star network has a same number of direct neighbors compared
to the agent of complete network. But, these two agents have different reference groups
because each neighbor of the agent in the complete network has N − 1 neighbors, while
each neighbor of the agent in the center of the star network has only one neighbor. The
peer heterogeneity is also come from the different in comparison parameter which means
that agent care differently about their neighbors’ actions.

2.2.2 Model

In the spirit of Sethi and Somanathan (1996), we extend the model of CPR game by taking
the role of network and social comparison into account.6 For a given network structure,
agent i’s utility function is written as follows:

Ui(xi) = f (X)
xi

X︸ ︷︷ ︸
bene f it

− γx2
i︸︷︷︸

cost

+ ηixi︸︷︷︸
ability

+ I(xi, xNi(g); δi)︸ ︷︷ ︸
social comparison

(2.1)

s.t xi ≤ x̄, xi ≥ 0

where, X = xi + x−i is the total effort and x̄ is the effort’s capacity.
From the optimization problem 2.1, we have the following Lagrangian.

L(xi) = f (X)
xi

X
− γx2

i + ηixi + I(xi, xNi(g); δi)− µ1(xi − x̄) + µ2xi (2.2)

6We also follow the paper of (Patacchini and Zenou, 2009), which studied the social comparison in crime,
for the idea of how to model the social comparison in the network.
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The Karush-Kuhn-Tucker conditions

In the spirit of the Karush-Kuhn-Tucker (KKT) theorem, we have

∂L(xi)

∂xi
= 0 (2.3)

µ1(xi − x̄) = 0 (2.4)

µ2xi = 0 (2.5)

µm ≥ 0, m = {1, 2} (2.6)

xi ≤ x̄ (2.7)

xi ≥ 0 (2.8)

Concerning the complementary slackness condition 2.5 which is µ2xi = 0, we con-
sider following cases.

Case 1. The condition xi ≥ 0 is binding. In this case, we have xi = 0. Then, the agent
i’s utility equals to

Ui(0) = I(0, xNi(g); δi)

We observe that Ui(0) ≤ 0 since there is an assimilation in comparison (i.e., δi < 0). At the
equilibrium, xc = 0 for all i and thus Ui(0) = I(0, xNi(g); δi) = 0, ∀δi < 0.

Case 2. The condition xi ≥ 0 is not binding. In this case, in order for the slackness
condition 2.5 to be satisfied, we need µ2 = 0. Now, concerning the complementary slack-
ness conditions 2.4 which is µ1(xi − x̄) = 0, by the same logic, we also consider the two
following cases:

Case 2.a. Constraint xi ≤ x̄ is binding which is xi = x̄. In this case, we have a corner
solution x̄c = x̄.

Case 2.b. Constraint xi ≤ x̄ is not binding. Thus, we need µ1 = 0 in order for the
complementary slackness conditions 2.4 to be satisfied. This is a case that agent’s effort
cannot be equal to zero or reach the maximum effort’s capacity, i.e., xi ∈ (0, x̄). Then, we
can write the KKT conditions as follows:

∂L(xi)

∂xi
= f

′
(X)

xi

X
+ f (X)

x−i

X2 − 2γxi + ηi +
∂Ii(xi)

∂xi
= 0, (2.9)

where, Ii(xi) ≡ I(xi, xNi(g); δi). Thus, this KKT condition is necessary condition for the
maximization problem.
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Sufficient condition of optimality

In order to ensure the existence of a maximum, we need ∂2Ui
∂x2

i
≤ 0. Following the second

order sufficient condition, we have the following inequality7

∂U2
i

∂2xi
=

1
X2

{
f
′′
(X)Xxi + 2x−i

(
f
′
(X)− f (X)

X

)}
− 2γ +

∂2 Ii(xi)

∂x2
i

Since xi, x−i > 0, we have f
′′
(X) < 0 and f

′
(X)X− f (X) < 08. The condition ∂2Ui

∂x2
i
≤ 0

if we have ∂2 Ii(xi)
∂x2

i
≤ 0. Thus, the condition ∂2Ui

∂x2
i
≤ 0 will hold in the case of assimilation in

comparison if ∂2 Ii(xi)
∂x2

i
≤ 0 holds.

Therefore, the sufficient condition leads us to the following Lemma 1.

Lemma 1. The optimization problem always has a maxima in the case of assimilation
in comparison (i.e., δi < 0) if ∂2 Ii(xi)

∂x2
i
≤ 0.

In the case of assimilation in comparison, agents mitigate others’ behaviors in their
network. This leads to the fact that ∂Ii(xi)

∂xi
< 0 for xi 6= xNi(g) (i.e., xi is different from the

standard neighborhood extraction). Thus, in order to ensure a maxima, we need ∂2 Ii(xi)
∂x2

i
≤ 0

which means that a more difference in extraction compared to the standard neighborhood
extraction, a more agents suffer from the benefit loss form the social comparison. There-
fore, we need the above condition holds in order for the optimization problem to have
a maxima i.e., an interior equilibrium solution). If not, the all agents would choose to
extract the resource with the maximum effort’s capacity. Thus, it indeed leads to an over-
exploitation problem of a CPR.

2.3 Nash equilibrium level of effort

In order to calculate explicit solution for the equilibrium level of effort and welfare analysis
in next Section, we make some assumptions about the functional forms of the total effort
function and social comparison.

In the spirit of Walker et al. (1990) in limit-access common pool resource, we let
f (X) = aX − bX2 be the effort function for the total effort X, where a ≥ 0 and b ≥ 0.
We can check that the function f (X) satisfies our assumptions.

f (X) ≥ 0 if X ≤ a
b

, f
′
(X) = a− 2bX ≥ 0 if X ≤ a

2b
, f

′′
(X) = −2b ≤ 0.

7See the proof in Appendix.
8 f (x) is a concave function
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Let x̄Ni(g) be the reference level of effort that the agent i compared to. We consider the
social comparison as a difference between x̄Ni(g) and xi, such that

I(xi, x̄Ni(g); δi) = δi(xi − x̄Ni(g))
2.

It should be noted that the reference level could be the neighbor’s average, maximum
or minimum level of effort. We suppose that the reference level is the direct neighbors’
average level of effort. Thus, we have

x̄Ni(g) =
1
ki

N

∑
j

gijxj,

where, ki is number of agent i’s direct neighbors.

Note that in the case that we have δi < 0, there exists an assimilation in comparison,
which means that agents would suffer a negative impact of the social comparison for each
unit of effort higher than the reference level. When δi > 0, we have the contrast in compar-
ison. In this case, each agent would maximize his or her utility by maximizing the distance
between him or her and other agents (i.e., by extracting more or less than other agents).
For instance, in the presence of assimilation in comparison (i.e., δi < 0), we could simply
check that

∂Ii(xi)

∂xi
= 2δi(xi − x̄Ni(g)) ≤ 0 if xi − x̄Ni(g) ≥ 0.

And we have also that

Ixx =
∂2 Ii(xi)

∂x2
i

= 2δi < 0.

This suggests that a more increasing extraction of common resource, a more the agent suf-
fer negative impact from the comparison. Thus, from the Lemma 1, we could confirm that
the sufficient condition for optimality always holds in the case of assimilation in compari-
son.

In this study, we will focus on different scenarios (i.e., how the different value of δi

and network structure) can help impacts on agents’ behaviors in extracting/consuming
the common pool resource.

2.3.1 Equilibrium

We now examine the outcome of the model with social comparison under the assumption
that agents are heterogeneous in the social comparison (i.e., agents care differently about
their direct neighbors’ actions).
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Let x = (x1, x2, x3, ..., xN) and thus x is the solution of the following maximization
problem

max
xi

Ui(x) = max
xi

 f (X)
xi

X
− γx2

i + ηixi + δi

(
xi −

1
ki

N

∑
j

gijxj

)2
 (2.10)

s.t xi ≤ x̄, xi ≥ 0

From the optimization problem 2.10, we have the following Lagrangian

L(x) = (a− bX)xi − γx2
i + ηixi + δi

(
xi −

1
ki

N

∑
j

gijxj

)2

− µ1(xi − x̄) + µ2xi (2.11)

We have the F.O.C of the Lagrangian as follows.

∂L(x)
∂xi

= a− b(X + xi)− 2γxi + ηi + 2δi

(
xi −

1
ki

N

∑
j

gijxj

)
− µ1 + µ2 = 0

Recall the KKT conditions, we can check whether all the conditions are satisfied.
Case 1. We have the corner solution xc = 0 and the utility Ui(0) = 0. In this case, agent
make no effort in extracting the resource and thus there will be no benefit gained at this
lower corner solution.

Case 2. We have xi > 0, ∀i. Thus, by the complementary slackness condition 2.5 and
2.4, we have 2 following cases.

Case 2.a. We have the constraint xi ≤ x̄ is binding. Then, by the slackness condition,
we have xi = x̄ and µ1 > 0. Thus, we have

∂L(x)
∂xi

= a− b(X + xi)− 2γxi + ηi + 2δi

(
xi −

1
ki

N

∑
j

gijxj

)
− µ1 = 0

From the slackness condition, we have xi = x̄. Thus, at the equilibrium, we have x̄c = x̄ in
which all agents extract the resource at the maximum effort’s capacity. We have a upper
corner solutions, such that

x̄c = x̄, and µ1,i = a + ηi − [b(N + 1) + 2γ]x̄.

It should be noted that this upper corner solution will exist if and only if we have the con-
dition µ1,i = a + ηi − [b(N + 1) + 2γ]x̄ ≥ 0 to be satisfied.
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Case 2.b. In this case, we have µ1 = 0. Let x∗ be the interior equilibrium solution. From
the KKT condition, we have

xi =
1

2(b + γ− δi)
(a + ηi − b

N

∑
j 6=i

xj − 2δi
1
ki

N

∑
j

gijxj) (2.12)

Symmetric case

Before going the general case in which the agents are heterogeneous in their social com-
parison, we first discuss the situation that all agents are identical. In this case, we have
ηi = η which means that all agents are identical and thus has a same ex-ante heterogene-
ity. From Equation (2.12), we have the first proposition as follows:

Proposition 1. When ηi = η, we have x∗ = x∗i = x∗j at the equilibrium

x∗ =
a + η

(N + 1)b + 2γ
(2.13)

When agents are identical, a higher ability agent (i.e., agent has a higher value of η)
will put more effort in extracting the common resource. On the other hand, increasing
extraction cost by either increasing the value of γ could incentivize agents to reduce their
extraction efforts. Another way to reduce extraction effort is by reducing the parame-
ter a or/and increasing the parameter b.9 Therefore, in order to incentivize the common
resource conservation, we should increase the cost of resource extraction and reduce indi-
vidual heterogeneity as well as reduce the profitability of the effort function (Poteete and
Ostrom, 2004).

It should be noted that when agents are homogeneous in their ability, we observe the
social comparison and network structure do not have any influence on agent’s behavior.
This is because that all agents are identical and thus they would have a same equilibrium
solution. Therefore, at the equilibrium, social comparison does not play any role because
agents do not have to care about the difference them and their direct neighbors.

General case

In this case, we have ηi 6= ηj 6= η, ∀i 6= j which suggests that agents are heterogeneous
in their ability in extracting the resource. Since agents are not identical because of the id-
iosyncratic heterogeneity and also because of peer heterogeneity (they are also different

9Recall that a is a parameter of the effort function f (X) = aX − bX2. A lower value of a and higher value
of b, a less benefit gains from extracting the common resource.
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because of the different network structure and thus have the different reference group in
the social comparison), each agent would have different equilibrium effort at the equilib-
rium.

Let x∗ is a N × 1 column matrix (vector) of each agent equilibrium extraction effort
x∗1 , x∗2 , x∗3 , ..., x∗N . We could simply rewrite Equation (2.12) as follow.

x∗ =
1

2(b + γ)
(ιιι + αΦ1x∗)

where, α = 1
2(b+γ)

, the N × N matrix Φ1 is

Φ1 = 2δδδ(I−KG)− b∆

in which, ιιι is a N × 1 column matrix which each element equals to a + ηi, matrix δδδ is a
N × N matrix of the comparison parameter such that

δδδ =


δ1 0 ... 0
0 δ2 ... 0
... ... ... ...
0 0 ... δN

 ,

K is a N × N matrix of the number of network connections such that

K =


1
k1

0 ... 0
0 1

k2
... 0

... ... ... ...
0 0 ... 1

kN

 ,

∆ is a N × N matrix such that

∆ =


0 1 ... 1
1 0 ... 1
... ... ... ...
1 1 ... 0

 ,

and the N × N matrix G which is known as the adjacent matrix.

Proposition 2. Let x∗ = (x∗1 , x∗2 , x∗3 , ..., x∗N) be the equilibrium level of extraction. If the
following matrix (I − αΦ1) is invertible, then the CPR game has an interior equilibrium
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solution which equals to

x∗ =
1

2(b + γ)
(I− αΦ1)

−1ιιι, (2.14)

where, Φ1 = 2δδδ(I−KG)− b∆.

From this closed form solution, one can calculate the interior equilibrium level of
effort for a given network structure. We observe that the equilibrium solution depending
positively on the agent’s ability and negatively on extraction cost. We can also observe
that a higher comparison parameter results in a lower extraction of the common resource
in the case of contrast in comparison (δi < 0). In the case of assimilation in comparison,
a more increasing in the comparison parameter, a higher probability that there is an over-
exploitation of the common. This interior solution also suggests that the network structure
would play a key role in encouraging the conservation of the common resource in a way
that a network with more connections would have lower level of extraction than the one
with fewer connections.

2.3.2 Over-exploitation of the CPR

As discussed previously, we have three equilibrium solutions: xc = 0, x̄c = x̄ and x∗

which is a solution of the following matrix x∗ = 1
2(b+γ)

(I− αΦ1)
−1ιιι. But, we will focus our

discussion on the upper corner and the interior equilibrium solution since the lower corner
solution in which all agents have zero utility is not interesting to study. By assuming that
xi > 0, ∀i, agents could either decide to make an effort which equals to the maximum
effort capacity x̄ or the interior equilibrium x∗. It should be important to note that x∗ < x̄
and thus from a policy-maker’s point of view, we want to avoid the solution x̄c = x̄ which
leads to the over-exploitation of the common.

In fact, individual agent i would prefer x∗i to x̄c
i if and only if

Ui(x∗i ) ≥ Ui(x̄c
i ). (2.15)

Since we have x̄i − x̄Ni(g) = 0, the previous condition is equivalent to

f (X∗)
x∗i
X∗
− γx∗i

2 + ηix∗i + δi(x∗i − x̄∗Ni(g))
2 ≥ f (X̄)

x̄c
i

X̄
− γ(x̄c

i )
2 + ηi x̄c

i , (2.16)

where, X̄ = ∑i x̄c
i and X∗ = ∑i x∗i .
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Symmetric case

In the symmetric case, we have x∗i = x∗j and thus x∗i − x̄∗Ni(g) = 0. Then, the inequality
(2.16) is equivalent to

f (X∗)
x∗

X∗
− γx∗2 + ηix∗ ≥ f (X̄)

x̄c
i

X̄
− γ(x̄c

i )
2 + ηi x̄c

i

Since x∗ − x̄ ≤ 0, we obtain that

x∗ ≥ a + η

Nb + γ
− x̄.

Therefore, in the symmetric case, in order to avoid the over-exploitation problem, we need
to ensure there is a sufficiently high effort capacity x̄. However, in reality, this condition is
difficult to be satisfied since agents’ effort capacity are always bounded (i.e., each agents
cannot to put as much efforts as possible or put infinity effort to extract as many as possible
the CPR). From this condition, we could also observe that the over-exploitation would not
be easily bypassed unless we have either a sufficiently high extraction cost γ or low benefit
gained from CPR extraction (i.e., if there is a low parameter value of a or η). It should be
noted that increasing N would help to avoid the over-exploitation problem but this would
not be a good solution because too large value N (i.e., there are too many agents) would
definitely lead to the situation of excess demand because of the resource scarcity.

General case

Let θ∗i = x∗i − x̄∗Ni(g) be the difference between the equilibrium of i and the average equi-
librium extraction of his/her direct neighbors. In some cases (for example, symmetric
network such as a complete and circle network in which agents have a same number of
network connection), the θ∗ equals to zero because all agents are identical. However, gen-
erally, we assume that θ∗i ≥ 0, ∀i. We have the condition (2.16) equivalent to

γx∗i +
b(X∗x∗i − Nx̄2)− δi(θ

∗
i )

2

x∗i − x̄
≥ a− γx̄ + ηi

Therefore, this leads us to the following proposition.

Proposition 3. An agent i would prefer the interior equilibrium x∗i which is an ele-
ment of the matrix x∗ = 1

2(b+γ)
(I− αΦ1)

−1ιιι to the upper corner equilibrium x̄c
i = x̄ if there

exists sufficiently high extraction cost γ or low benefit gained from CPR extraction (i.e., if
there is a low parameter value of a or η) such that γx∗i +

b(X∗x∗i −Nx̄2)−δi(θ
∗
i )

2

x∗i −x̄ ≥ a− γx̄ + ηi
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This proportion suggests that with γ is sufficiently large which means that the cost of
extraction has to be sufficiently high, we can avoid the over-exploitation problem of the
common because the agent always prefers the interior solution x∗ to the corner one x̄c = x̄.
According the result of the proposition 3, it is interesting to separate our discussions into
two different parts: the impact of neighborhood decisions (θ∗i ) and the impact of social
comparison (δi).

Firstly, if θ∗i = 0, the previous condition is equivalent to

γx∗i +
b(X∗x∗i − Nx̄2)

x∗i − x̄
≥ a− γx̄ + ηi

. It should be noted that in the case that θ∗i closes to zero means that there is no big
difference between the equilibrium extraction of agent i and his/her direct neighbors. This
result is close to the symmetric case as discussed previously.

x∗ ≥ a + η

Nb + γ
− x̄.

Thus, the over-exploitation problem will be more likely to happen with θ∗i = 0.

However, if θ∗i 6= 0, a high value of θ∗i could help to avoid the over-extraction of the
common resource since there is an assimilation in comparison (i.e. δi < 0). In order to
bypass the over-exploitation problem, we θ∗i = x∗i − x̄∗Ni(g) > 0 which means that agents
extract more resource than their direct neighbors at the equilibrium.

Secondly, since there is an assimilation in comparison, we would also have θ∗i → 0 as
δi increases. This is because it is too costly for agents to differentiate with their neighbors
by extracting more or less the common resource. Thus, an assimilation in comparison with
low assimilation effect (i.e., low value of the parameter δi) could help to motivate agents
to conserve the common pool resource.

Therefore, maintaining a sufficiently high extraction cost of the CPR will not be the
only solution to avoid the over-exploitation problem. Encouraging the assimilation in
social comparison could also help to conserve the CPRs if there exists θ∗i > 0.
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2.4 Welfare analysis

Let consider that the social planner is an utilitarian so he would maximize the total agent’s
payoff.

max
xi ,x2,...,xN

∑
i

Ui(x) = max
xi ,x2,...,xN

N

∑
i

 f (X)
xi

X
− γx2

i + ηixi + δi

(
xi −

1
ki

N

∑
j

gijxj

)2
 (2.17)

s.t 0 ≤ xi ≤ x̄.

By taking the F.O.C of Equation (2.17) with respect to xi for all i = 1, ...N, we have

a− 2b
N

∑
i

xi − 2γxi + ηi + 2δi

(
xi −

1
ki

N

∑
j

gijxj

)
= 0

Then, we obtain

xi =
a + ηi − 2δi

ki
∑j gijxj

2(Nb + γ− δi)

In the case of symmetric agents (i.e., ηi = η, ∀i), we have the social optimal effort x̂
which equals to

x̂ =
a + η

2(Nb + γ)
. (2.18)

In general, we have heterogeneous agents in which δi 6= δj 6= δ. Let x̂ be the N × 1
matrix of the social optimal extraction effort. In the matrix formula, we have

x̂ =
1

2(b + γ)
ιιι + 2αΦ2x̂

where, α = 1
2(b+γ)

, the N × N matrix Φ2 such that

Φ2 = δδδ(I−KG)− b∆,

and the definition of other matrices are similar to the previous session. Thus, if the fol-
lowing matrix (I− 2αΦ2) is invertible, then we have the social optimal extraction effort as
follows:

x̂ =
1

2(b + γ)
(I− 2αΦ2)

−1ιιι. (2.19)
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Efficiency

In the symmetric case, by comparing the interior equilibrium effort x∗ (in Equation (2.13))
and the social optimal effort x̂ (in Equation (2.18)), we observe that for any N > 1, we
always have x̂ < x∗. We can also check that the Nash equilibrium is efficient if and only if
U(x∗) = U(x̂).

U(x∗) = U(x̂)

⇔ (a− bX∗)x∗ − γ(x∗)2 + ηx∗ = (a− Nbx̂)x̂− γx̂2 + ηx̂.

Let ∆u be the difference between U(x∗) and U(x̂). Then, we have

∆u = (x̂− x∗)(a− bN(x̂ + x∗) + η).

Thus, ∆u = 0 if and only if we have x∗ = x̂ or x∗ = a+η
bN − x̂.

This leads us to the following proposition.

Proposition 4. The Nash equilibrium extraction of the common resource is efficient if
there exists a network size N and an equilibrium extraction x such that

x = x̂ or N >
2γ

b
and x =

a + η

bN
− x̂, (2.20)

where, x̂ = a+η
2(Nb+γ)

.

It should be noted that if the above condition of x does not hold then the Nash equilib-
rium effort will be inefficient, i.e., we will have U(x̂) > U(x∗) for x̂ < x∗. We can observe
that by substituting x̂ into x = a+η

bN − x̂, we obtain

x =
(a + η)(Nb + 2γ)

2Nb(Nb + γ)
. (2.21)

However, this equilibrium effort will only be valid (i.e., U(x) > 0) if there exists N > 2γ
b .

For instance, when b = 0.1 and γ = 0.8 (see the Numerical analysis in next Section), we
need N > 16 in order to have U(x) > 0. Therefore, the condition x = a+η

bN − x̂ is difficult
to achieve in our model.

Another solution for the Nash equilibrium to be efficient is to have x∗ = x̂. Thus, an
interesting question is how to motivate individuals to move toward the social optimum.
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In order to answer this question, let ∆x be the difference between x∗ and x̂. Then, we have

∆x =
a + η

2(Nb + γ)
− a + η

(N + 1)b + 2γ

=
(a + η)(1− N)b

2(Nb + γ)[(N + 1)b + 2γ]
.

This leads us to the following proposition.

Proposition 5. The Nash equilibrium extraction is efficient if there exist parameters
a, η and γ such that ∆x = 0, where

∆x =
(a + η)(1− N)b

2(Nb + γ)[(N + 1)b + 2γ]
. (2.22)

We observe that ∆x → 0 as a, η decrease and γ increases. This suggests that it is
important for policy maker to ensure a sufficiently high extraction cost and low agent
ability in order to motivate individuals to move toward the socially optimal extraction.
It should be noted that when N = 1, we would have ∆x = 0 which means that there is
only one agent who consumes the common resource. And, a more increasing in number
of agents N, a less likely to achieve the efficiency.

In the general case when agents are identical, the problem becomes much more com-
plication. Let us recall the interior equilibrium solution (see Equation (2.14)) as follows:

x∗ =
1

2(b + γ)
(I− αΦ1)

−1ιιι,

where, Φ1 = 2δδδ(I−KG)− b∆. By comparing with the social optimal effort (see Equation
(2.19)), we observe that 2Φ2 < Φ1 and thus x̂ > x∗. This suggests that the socially optimal
effort is always efficient when there is a presence of network structure. Since we know that
the interior equilibrium is always inefficient, a question arises is how could we achieve
the efficiency. By comparing the difference between the interior and the social optimum,
we observe that the inefficiency is come from the externality from the peer effect and the
network structure in the matrix Φ. However, since the social structure is given (i.e., it is
fixed), it is interesting to check which social structure could give the highest and the lowest
optimal payoff as the network varies.

2.5 Numerical analysis

In this section, we consider 4 different network structures: no network, circle/loop, star
and complete network (see Figure 2.1). A no network is a situation in which no agent
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connects to any other agents. The circle/loop and complete network are symmetric net-
work where each agent in the circle links to two other agents near-by and each agent in
the complete links to every other agent. A star network is a network where one agent in
the center links to all other agents. In this case, complete graph is the most strongly con-
nected network in which each agent is connected to every other agent (i.e., each node has
N − 1 number of direct links. It is important to note that in the case of complete network,
the number of direct links will increase as the network size increases, while in the circle
network, each agent always has two direct neighbors and the number of direct links will
not increase when there is an increasing in network size. In the case of the star network,
only the central agent has an increasing direct network connections as the network size
increases, while other agents have only one direct neighbor.

(a) No network (b) Star (c) Circle (d) Complete

Figure 2.1: The four different network structures.

We suppose that all the networks have 5 agents (i.e., a network of 5 agents). We
consider that each agent can make an effort xi ranging from 0 to 1, which are the 0% and
100% effort (i.e., xi ∈ [0, 1]). This means that the effort’s capacity x̄ = 1, i.e., no one can
make an effort higher than effort’s capacity of 100%. Since by assumption that X ≤ a

2b , if
we let a = 1 for simplicity, then we choose b = 0.1 because b ≤ a

2X̄ = 0.1. It should be
noted that the parameter assumption of b is also satisfied the condition X ≤ a

b .
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Table 2.1: Parameter assumptions.

Parameter values

Agent i’s effort: xi ∈ [0, x̄] with x̄ = 1.

Parameters of the effort function f (X) = aX− bX2: a = 1 and b = 0.1.

Extraction cost parameter: γ = 0.8.

Ability parameter: ηi is uniformly distributed in [0, 0.5].
In the numerical simulation, we have ηηη = (0.1437, 0.3941, 0.2044, 0.4415, 0.4702).

Assimilation comparison parameter: δi is uniformly distributed in [−0.2,−0.1].
In the numerical simulation, we have δδδ = (−0.1886,−0.1377,−0.1390,−0.1376,−0.1139).

Number of agents per network: N = 5.

The ability parameter is uniformly distributed ranging from 0 to 0.5. Thus, we have
E(ηi) = 0.25. For the extraction cost, we refer to the Proposition 4 in which γ ≥ a+E(η)

2x −
(N+1)b

2 for x > x̂. Thus, we choose γ = 0.8 since from the previous condition, we have
γ > 0.59 for x > 0.5. From the KKT condition (Case 2.a), the over-exploitation problem
will happen if γ ≤ 0.325. The comparison parameter also is uniformly distributed ranging
from -0.2 to -0.1 for the case of assimilation in comparison (δi < 0). Our strategy is to
choose a low comparison parameter in the first step and then increase both comparison
parameter to observe their impacts on agent’s behavior. The parameter assumptions are
summarized in Table 2.1.

2.5.1 Nash equilibrium level of effort

From our parameter assumptions, we can simply calculate the interior equilibrium ex-
traction effort for a given network structures. Figure 2.2 shows the results of the Nash
equilibrium for 4 different types of network (i.e., no network, circle, star and complete
network).
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Figure 2.2: Nash equilibrium in 4 different networks.

The results of the case without network in Figure 2.2 confirm our proposition 1 that a
higher ability agent would put more effort in extracting the common resource than lower
ability one. It should be noted that the matrix ηηη = (0.1437, 0.3941, 0.2044, 0.4415, 0.4702)
(see Table 2.1) suggests that agent 1 is the one has lowest ability in the group, while agent
5 is the highest ability agent. Thus, agent 5 is the one who put highest effort in extracting
the common resource.

In the presence of network, the story becomes much more interesting since agents
take their direct neighborhood extraction into account when making their decisions. The
social comparison is assimilation in comparison which means that agents try to imitate
the behaviors of their direct neighbors and make a decision as close as to the average
direct neighborhood decisions. It should be noted that from the assumptions, we have
δδδ = (−0.1886,−0.1377,−0.1390,−0.1376,−0.1139) (see Table 2.1) which suggests that
agent 1 who has lowest ability but (s)he is the one who care most about his/her direct
neighborhood behaviors, while agent 5 cares about his/her direct neighbors compared
to other agents. We observe in Figure 2.2 that network plays a role in shaping the social
comparison since there are differences in agents’ behaviors and total payoff in different
networks. In order to investigate deeply the impact of social comparison and networks,
we let the comparison parameter varies and look at the equilibrium outcomes in different
networks. This will be discussed shortly in next subsection.
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2.5.2 Role of social comparison in networks

In this section, we separate our discussions into two different cases: with/without over-
exploitation problem. In the first case, we consider that there is no over-exploitation with
γ = 0.8. In this case, agents would have no incentive to put maximum efforts in extracting
the resource because of the sufficiently high extraction cost. In the second case, we assume
that there will be the over-exploitation of CPR with γ = 0.4. In this case, without any in-
vention (or policy), each agent would extract the CPR with the maximum effort’s capacity
(x̄ = 1). Figure 2.3 shows the average equilibrium extraction in the situation with/without
over-exploitation problem.

0.58

0.59

0.60

0.5 1.0 1.5 2.0
E(delta)

A
ve

ra
ge

 e
qu

ili
br

iu
m

 e
ffo

rt

Network

Circle

Complete

No network

Star

(a) γ = 0.8

0.91

0.92

0.93

0.94

0.95

0.5 1.0 1.5 2.0
E(delta)

A
ve

ra
ge

 e
qu

ili
br

iu
m

 e
ffo

rt

Network

Circle

Complete

No network

Star

(b) γ = 0.4

Figure 2.3: Average Nash equilibrium extraction with different degree of social compar-
ison for ηηη = (0.143, 0.394, 0.204, 0.441, 0.470).

Sub-figure (a) in Figure 2.3 shows that the assimilation in comparison cannot help to
encourage the resource conservation as we expected when agents are in the decentralized
networks (i.e., circle and complete network). This result can be justified by Proposition 3
because in the decentralized network, we often have θ∗i → 0 as E(δi) increases. As a result,
a more increasing in E(δi), a more likely that there is a over-exploitation of the CPRs.
However, in the centralized network (i.e., star network), agents seem to be motivated by
reducing their extraction as the effected assimilation effect E(δi) increases because agent
1 who is the center of the star has the lowest ability η and thus θ∗i = x∗ − x̄∗Ni(g) > 0 (see
Proposition 3).

As previously mentioned, in the case of no over-exploitation problem, it is not nec-
essary to introduce the social comparison to motivate the resource conservation because
there is a sufficiently high extraction cost. Thus, it would be more interesting to investigate
the role of social comparison in the case of over-exploitation problem. In the case of over-
exploitation of the CPRs, all agents would put maximum effort to extract the resource. By
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setting the extraction cost γ = 0.4, we observe that in case of no social comparison, the av-
erage extraction equals to 0.9505 (i.e., agents put 95% of their effort’s capacity in extracting
the resource). It should be noted that the maximum effort’s capacity is each agent choosing
x = 1.0 (i.e., 100% effort). We observe that there is a possibility to encourage the resource
conservation with a relatively small E(δi). However, the over-exploitation problem can be
becoming worse in the decentralized networks as E(δ) increases (see Sub-figure (b) in Fig-
ure 2.3). This is because we always have in assimilation in comparison the property that
θ∗i → 0 as E(δi) increases. Therefore, a good strategy is to keep the comparison parameter
as small as possible in order to encourage the common resource conservation.

By comparing between the circle and complete network, we observe that network
with more connections (i.e., complete network) performs slightly worse than the one with
fewer connections in encouraging the conservation of the CPRs. This result is straight-
forward because in the case of complete network, all agents are linked together and thus
they are more likely to mitigate others’ behaviors than the circle network where agents
compare their behaviors to only two direct neighbors.

It is important to note that both circle and complete network are decentralized net-
work and each agent in these networks has a same number of connections, while the star
is a centralized network which represents a real situation in which there is one central
agent (i.e., a leader) who plays a key role in maintain the connections among agents in the
network. We observe that the star network results in the highest total payoff with lower
level of extraction compared to other types of network. This is because every agent in the
star connects to only the center and the central agent is the one who has lowest ability
in extracting the common resource. It should be noted that in our simulation the center
of the star is one has lowest ability and thus put lowest effort in extracting the common
resource. Thus, this leads to a reduction of resource extraction of the whole network. On
the other hand, if we assume that the center in star is the one with highest ability, then
the over-exploitation problem will be more likely to happen (Figure 2.4 in Appendix B).
Therefore, it is interesting for future study to investigate in depth using key players in the
network to encourage individual behavioral change toward environmental sustainability
(Borgatti, 2006; Patacchini and Zenou, 2009).

2.6 Conclusion and discussion

In our study, we investigate the role of assimilation in social comparison in the network-
based common pool resource game. We assume that agents are in a specific network and
they take their direct neighborhood actions into account when making their decisions (i.e.,
social comparison in networks). We suppose that there is an assimilation in comparison
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which means that ones change their behaviors to minimize the difference/distance be-
tween them and others. We find that in the case of empty network (i.e., no links between
agents), a sufficiently high extraction cost is necessary to avoid the over-exploitation of a
common pool resource. This is because in the case of empty network, no agents will take
any other behaviors into their decision-making processes, thus as the cost of extracting the
resource reduces, the tragedy of common is more likely to happen since all agents would
have incentive to put as much as possible their efforts to extract the common good.

In the presence of networks, the assimilation in social comparison can help to shift
individual behaviors in the way that promotes the conservation of the CPRs. However,
since agents are heterogeneous in their ability to extract the common resource (i.e., with
the same amount of effort invested in extracting the CPR, one who has higher ability could
earn higher benefit than others), a network with more connections would lead to a more
serious exploitation problem than the one with fewer connections. This is because a more
the agents are linked to each other, they are more likely to mitigate others’ behaviors. As
a result, agents would have higher possibility to extract more resource if they observe that
their neighbors or friends are doing so. Therefore, we suggest that policymaker should
carefully take the different types of network structure into account before implementing
any policy (or intervention) that promotes the assimilative comparison.

Moreover, our results also suggest that promoting the assimilation in the centralized
networks (like a star network) is better than the decentralized one (like a circle or a com-
plete network) in encouraging the resource conservation. More specifically, we can pro-
mote the social comparison in the decentralized network but it is important to keep a
relatively low assimilation effect in order to encourage to resource conservation. Thus, a
good way to motivate the CPR conservation is to promote the assimilation in the central-
ized network. However, as previously mentioned, how effective the social comparison in
promoting the CPR conservation in star network depends on the performance or ability of
the central agent. Therefore, it is also important to provide information about how impor-
tant the resource conservation to the key player in the network (e.g., a central player in the
star network) in order to more effectively incentivize the resource conservation.

This analysis has several shortcomings which could be addressed by future research.
Firstly, in this study, we only take into account the exogenous network which agents can-
not choose who will be their neighbors in the CPR game. An endogenous network of the
CPR game could also be interesting to study. With the endogenous network, we can either
use the static framework with the simultaneous move game in which agents choose his
effort and the links at the same time or the dynamic game in which agents first choose
his neighbors and then the optimal effort. Secondly, we do not explore the possibility of
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the contrast in comparison which agents have incentives to differentiate with their neigh-
bors because no agent is willing to differentiate with others by extracting less the common
resource since there is a “substractability" of the commons. However, the contrast in com-
parison will be interesting to be study if one can justify that there exists the case “doing
worse, but feeling better" in extracting the common pool resource (Lockwood et al., 2004;
Toma, 2013). Therefore, it is interesting that the future research could take this issue into
consideration.
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Appendix A.1: Lemma 1 - Sufficient condition of optimality.

From the necessary condition from Equation (2.12), we have

∂Ui

∂xi
= f

′
(X)

xi

X
+ f (X)

x−i

X2 − 2γxi + ηi +
∂Ii(xi)

∂xi
.

By taking the derivative of the above equation with respect to xi, we have

∂2Ui

∂x2
i

= f
′′
(X)

xi

X
+ f

′
(X)

{
X− xi

X2

}
+ f

′
(X)

x−i

X2 − f (X)

{
2x−iX

X4

}
− 2γ +

∂2 Ii(xi)

∂x2
i

= f
′′
(X)

xi

X
+ f

′
(X)

{
2x−i

X2

}
− f (X)

{
2x−i

X3

}
− 2γ +

∂2 Ii(xi)

∂x2
i

= f
′′
(X)

xi

X
+

(
f
′
(X)− f (X)

X

){
2x−i

X2

}
− 2γ +

∂2 Ii(xi)

∂x2
i

=
1

X2

{
f
′′
(X)Xxi + 2x−i

(
f
′
(X)− f (X)

X

)}
− 2γ +

∂2 Ii(xi)

∂x2
i

.
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Appendix A.2: Proposition 3 - Over-exploitation of the CPRs.

Let us recall Equation (2.16) such that:

f (X∗)
x∗i
X∗
− γx∗i

2 + ηix∗i + δi(x∗i − x̄∗Ni(g))
2 ≥ f (X̄)

x̄c
i

X̄
− γ(x̄c

i )
2 + ηi x̄c

i .

We denote that θ∗i = x∗i − x̄∗Ni(g). Since the functional form of f (X) is known, and for any
X 6= 0, we thus have

(a− bX∗)x∗i − γx∗i
2 + ηix∗i + δi(θ

∗
i )

2 ≥ (a− bX̄)x̄− γx̄2 + ηi x̄

(a + ηi)(x∗i − x̄)− γ(x∗i
2 − x̄2)− b(X∗x∗i − Nx̄2) + δi(θ

∗
i )

2 ≥ 0.

Since we know that x∗i
2 − x̄2 = (x∗i − x̄)(x̄ + x∗i ) and x∗i − x̄ ≤ 0, we therefore would have

γx∗i +
b(X∗x∗i − Nx̄2)− δi(θ

∗
i )

2

x∗i − x̄
≥ a− γx̄ + ηi.
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Appendix B: Nash equilibrium extraction with different ability parameters.
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Figure 2.4: Average Nash equilibrium extraction with different degree of social compar-
ison for ηηη = (0.477, 0.468, 0.119, 0.127, 0.195).
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Chapter 3

Common pool resource game on
endogenous network1

3.1 Introduction

In the 20th century, an ecologist, Garrett Hardins developed the theory of the tragedy of
commons which helps to explain the mass exploitation of our environmental resources
(Hardin, 1968). In his study, he argued that because of the “subtractability" property2 of
the common pool resources (henceforth CPRs), it is difficult to prevent people to subtract
units from a common pool (e.g., forests, oceans, fishing pounds and even atmosphere)
and thus makes the management of CPRs becoming much more complex. For example,
the world oceans are an example of a global common that are exploited by countries and
corporations seeking to extract maximum personal gain for this common area (Ostrom,
2008).3 So following Hardin’s theory, if every individual acts to ensure maximum personal
gain without regarding to the carrying capacity of a common resource, the common will
reach its maximum capacity and collapses (i.e., problem of the tragedy of common). This
can happen in the form of exponential global warning trends (Broecker, 1975; Hansen and
Sato, 2001; Payne and Smith, 2017).

Over the last decade, the problem of the tragedy of common has captured much
more attention of research scholars. A majority of studies supported the theory of Hardin
(1968) by showing that in the situation of resource scarcity, an additional resource extrac-
tion would cause a negative externality for others. As a result, if self-interest individuals
maximize their resource extraction by equalizing their marginal personal gains with the
marginal cost of extraction, then this would undoubtedly lead to the over-exploitation of

1This chapter is based on Tiet T. (2020), Common pool resource game on endogenous network.
2The “subtractability" property means an additional common resource consumption would lead to a de-

crease the available resources for others (Hardin, 1968).
3There are internally respected maritime boundaries that extend 200 miles out from the shore but anything

part that is considered high seas and it is governed by no country. These maritime boundaries only extend to
cover a small portion in the ocean and everything else is highly vulnerable to exploitation (Hinrichsen, 2016).
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the common (Bromley and Cernea, 1989; Pearce and Turner, 1990). Thus, the inefficiently
high level of resource extraction could threaten the long-term sustainability of the com-
mon as well as the long-term utility for all the individuals (Sethi and Somanathan, 1996).
The Chilean abalone war, in which the competition between poachers and fisherman in
Chile to harvest abalone (the world’s most valuable shellfish) leads to an armed conflict,
is a good example for the problem of the tragedy of common (Gelcich et al., 2010).

However, several studies, especially Ostrom et al. (1994), supported the possibility of
cooperation among individuals in the management of CPRs. In their study, Ostrom et al.
(1994) have shown the possibility and explained theoretically how to achieve a successful
endogenous management of CPRs. In her book, Ostrom (1990) cataloged several exam-
ples in which communities have successfully managed the CPRs without any help of the
central government, from 16th century Alpine shepherds managing grazing lands to the
year of 1980s Japanese villages managing communal forests. Ostrom’s work was seeking
to uncover the rules of engagements that promote cooperation among self-interested in-
dividuals in social dilemmas. Following the study of Ostrom, Chaudhuri (2011); Bowles
and Gintis (2011) and many others, suggested how human cooperation in managing the
common could emerge and persist under stable institutions.

In recent years, numerous researches indicated that promoting social norms of sus-
tainable resource use can help to discourage the incentive for over-exploitation of the CPRs
(Sethi and Somanathan, 1996; Tavoni et al., 2012). In their study, Sethi and Somanathan
showed that individuals are more likely to cooperate by restraining their levels of resource
extraction if there exist a sanctioning in the way that uncooperative individuals could be
sanctioned by others. Sanctions could help to improve the cooperation and norms of be-
havior can persist by restraining the use of the common goods. In other words, when
individuals could monitor and enforce behavior within their groups to prevent the over-
exploitation of the common resource, the peer monitoring and sanctioning could help to
promote the coordination in individuals’ decisions (De Geest et al., 2017).

In addition to norms, several existing studies suggested that network (i.e., network
structure or social structure) could also play an important role in mitigating the over-
extraction problem of the CPRs, especially when the populations dependent highly on the
common property, have close proximity and enduring social ties (Cárdenas et al., 2015).
According to the theory of pro-social behavior, individuals who have a strong social pref-
erence would concern more about others’ well-being are willing to help others and desires
to uphold ethical norms (Frey and Meier, 2004). Several theoretical studies suggested that
network plays a key role in encouraging public good contribution (Bramoullé et al., 2014;
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Galeotti et al., 2010; Bramoullé and Kranton, 2007), promoting pro-social behavior (Fis-
chbacher and Gachter, 2010; Frey and Meier, 2004), and encouraging informational shar-
ing (Masuda et al., 2018; Mantilla, 2015). Besides these theoretical evidence, behavioral
economic experiments have shown that informational sharing through a social network
could help restrain the resource extraction (Mantilla, 2015; Barnes-Mauthe et al., 2013). In
their study, Barnes-Mauthe et al. (2013) showed that fisheries in a network share informa-
tion with each others in order to cooperatively reduce fish by-catch rate. In the study of
Mantilla (2015), they found that cooperation exists in the CPR game and network struc-
ture plays a key role in reducing the aggregate extraction level of the CPR. Therefore,
network would be a good starting point to explain how could individuals behave pro-
environmentally by conserving a common good.

While the network model has been widely studied in the literature of public good
game (i.e., individual’s contributions to public goods), a handful of theoretical evidence
has been found in studying the impact of social incentives through networks on individu-
als’ behaviors in the literature of common pool resource game. Moreover, when a network
structure is not given (i.e., not fixed or exogenous), each individual could decide to whom
he or she would like to initiate a connection (i.e., a link with). In this case, individual
behavior would not only influence by the network but also have impacts on the network
structure (i.e., network formation). Thus, in this study, we explore how social influence
through endogenous network can help to promote the sustainable consumption of the
CPRs. In this study, we use the static framework of Nash equilibrium to examine the out-
come of the CPR game under assumption of existing network structure (i.e., agents choose
the number of neighbors to link with) and social influence (agents are influenced by their
direct neighborhood behaviors). We assume in our model that individuals will take their
neighborhood (i.e., agent’s direct neighbors in the network) behaviors into their decision-
making process. Since efforts and network connection (i.e., number of network links that
agents have) are costly, each agent has to simultaneously decide how much effort to put
in extracting the common resource as well as how many neighbors to make a connection
to in order to maximize his or her personal utility.

We aim to answer two main questions. First, how could social influence through net-
work promote the individual behaviors toward sustainable consumption of a common
pool resource? Second, what is the relationship between the network connection and the
extraction of the common resource? Finally, will the CPR game locally stable as network
size, cost of linking and social influence parameter vary. Our results suggest that social
influence through network could help to incentivize individuals to reduce their effort in
extracting a common good. In particular, in presence of social influence, it is possible to
shift agents’ behaviors from strategic substitute to strategic complementarity and thus it
could help to solve the social dilemma in the common pool resource game. Our results
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also suggest that there is a negative relationship between network connection and agents’
extraction efforts. However, it is necessary to have either a low cost of linking (i.e., a cost
for initiating a link with other agent) or a strong social influence to encourage agents to
initiate links with others in order to promote the resource conservation. Moreover, de-
pending on the different parameter of the linking cost and social influence, the CPR game
would exist a locally stable equilibrium. More importantly, we find that when there are
more than six agents competing in harvesting a common resource, the CPR game will be-
come locally unstable (Saijo et al., 2017). Therefore, we suggest that policymaker or future
research should carefully take the network size into account into consideration before de-
signing a program which uses social influence through network to encourage individuals
to conserve the common resource.

The paper proceeds as follows: Section 2 studies the common resource game with so-
cial influence through network, in which we investigate how individual agent’s behavior
change corresponds to their direct neighborhood behaviors and the relationship between
individual agent’s behavior and his or her network connection. In this section, we also
compute the Nash equilibrium with the assumptions about the functional form of the ef-
fort function and social influence. In Section 3, we discuss the welfare analysis. Section 4
summarizes the results of our numerical analysis. Section 5 is the local dynamic in which
we study the equilibrium dynamics with the different parameters of the model. The con-
clusion and discussion are reported in section 6.

3.2 A common pool resource game

3.2.1 Setup

Let consider that there are N agents, a typical agent is denoted by i. Agents are connected
by a network (N, G), where G is an N× N adjacency matrix, its element gij represents the
relationship between i and j. In the network of i, denoted Ni, gij = 1 if j ∈ Ni and gij = 0 if
j /∈ Ni. For simplicity, we assume that each agent is represented by a node in the network
and there is a random network where nodes can connect and be connected to every other
nodes. We also suppose that the network is undirected which requires that gij = gji, which
means that if i links to j, j will link to i. The set of nodes that i is linked to is called the
neighbor of a node i: Ni(g) = {j ∈ Ni \ i : gij = 1} and ki =

1
N−1 |Ni(g)| is the network

connection (i.e., fraction of friends or neighbors) with |Ni(g)| be agent i’s total number of
direct connections/links (Schweitzer et al., 2009).

Each agent will face a decision problem of how to optimally allocate his or her effort
xi to extract the resources and choose optimal network connection ki. Each agent’s objec-
tive is to simultaneously choose xi and ki to maximize his or her utility function. There
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exists the extraction cost γ > 0 which incurs in extracting the resources. We assume that
the total effort function f (X) is concave, in which f (0) = 0, f (X) > 0 if X > 0, f

′
(X) > 0

and f
′′
(X) < 0, where X = ∑i xi. According to “substractability" property of the CRPs, a

resource share extracted by agent i which is the proportion of effort that i make in extract-
ing the resources with respect to the total sum of all agents’ effort, is calculated by xi

xi+x−i

where x−i is the sum of all agents’ efforts excluded i. Depending on his or her extraction
effort, each agent would gain a benefit which equals to f (X) xi

xi+x−i
. This indicates that if

one puts higher effort in extracting the common resource, others would suffer a benefit
loss from the CPRs (i.e., “substractability" property).

Regarding the networks, agent i has to pay a cost c(ki) for the total number of neigh-
bors that i connects to, which is also known as the linking or connection cost. This linking
cost could be interpreted as the time or money spent for social activities (i.e., time spent
socializing). Agents will form a link to others if there is a benefit gained from the link,
which could be interpreted as the social approval from and social comparison with oth-
ers in the network (Holländer, 1990; Bandura and Jourden, 1991; Rege and Telle, 2004).
We denote the benefit function as B(xi, xNi(g), ki), where xNi(g) = {xj : j ∈ Ni(g)}. We
also have δB(xi, xNi(g), ki), represented for the impact of the benefit function on the utility,
where δ represents the degree of this influence (we call δ as the social influence parameter).
A higher social influence parameter means that a higher value of δ induces a higher the
network benefit. To put it simply, for a given extraction effort xi, agent i would prefer the
network connection k2 to k1 for k2 > k1 if and only if U(xi, k2) > U(xi, k1). Thus, since
the extraction effort xi is given, we have agent i prefers k2 to k1 if and only if the following
condition is satisfied δB(xi, xNi(g), k2)− c(k2) > δB(xi, xNi(g), k1)− c(k1) for k2 > k1.

3.2.2 Model

In this study, we investigate the individual behaviors in a CPR game by taking into account
the endogenous network as previously mentioned.4 In particular, agents have to pay a cost
in order to initiate a link with other agent. Agents benefit from their direct neighborhood

4In the spirit of Sethi and Somanathan (1996), agent i’s payoff function in the absence of network and social
comparison is defined by

Ui(xi, xj) = f (xi + x−i)
xi

xi + x−i
− γxi

Following Sethi and Somanathan (1996), in this model, we are always facing the over-exploitation problem of
common pool resource: each agent maximizes her payoff by extracting as much as possible. In their paper,
the authors also study a model of CPR game with sanctioning.

Ui(xi, xj) = f (xi + x−i)
xi

xi + x−i
− γxi − αki − βli

In this model, each agent can punish and be punished by any of others. The author argued that sanctions
could improve the cooperation in social dilemmas, but they impose a high social cost until there is no threat
of non-cooperative behavior.
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connection B(xi, xNi(g), ki) > 0. Thus, for given x−i,we have the agent i’s utility function
as follows:

Ui(xi, ki) = f (X)
xi

X
− γx2

i − c(ki) + δB(xi, xNi(g), ki) (3.1)

s.t xi ≤ x̄, xi ≥ 0, 0 ≤ ki ≤ 1

where, X = xi + ∑j 6=i xj and x̄ is the effort’s capacity.
From the optimization problem 3.1, we have the following Lagrangian.

L(xi, ki) = f (X)
xi

X
− γx2

i − c(ki) + δB(xi, xNi(g), ki) (3.2)

− λ1(xi − x̄)− λ2(ki − 1) + λ3xi + λ4ki

Karush-Kuhn-Tucker conditions

In the spirit of the Karush-Kuhn-Tucker (KKT) theorem, we have

∂L(xi, ki)

∂xi
= 0 and

∂L(xi, ki)

∂ki
= 0, (3.3)

λ1(xi − x̄) = 0, xi ≤ x̄, (3.4)

λ2(ki − 1) = 0, ki ≤ 1, (3.5)

λ3xi = 0, xi ≥ 0, (3.6)

λ4ki = 0, ki ≥ 0, (3.7)

λm ≥ 0, m = {1, 2, 3, 4}. (3.8)

Concerning the complementary slackness conditions 3.6 and 3.7 which are λ3xi = 0
and λ4ki = 0, we consider four following cases:

Case 1. Both xi ≥ 0 and ki ≥ 0 are binding.

In this case, with these both constraints are binding, agents will have zero utility with
Ui(0, xj, 0) = 0 since B(0, xNi(g), 0) = 0. Thus, all agents would have zero utility if the both
constraints are binding and a corner solution (xc, kc) = (0, 0).

Case 2. The constraint ki ≥ 0 is binding and xi ≥ 0 is not binding.

In this case, we have B(xi, xNi(g), 0) = 0 and γk2
i = 0, for ki = 0. Since the constraint

xi ≥ 0 is not binding, we need λ3 = 0 for the complementary slackness condition 3.6 to be
satisfied. Thus, we have a simple CPR optimization problem which has been studied in



154 Chapter 3. Common pool resource game on endogenous network

the literature (Sethi and Somanathan, 1996).

max
xi

Ui(xi) = f (X)
xi

X
− 2γxi,

s.t xi ≤ x̄.

And then, from the KKT conditions, we would have

∂L(xi)

∂xi
= f

′
(X)

xi

X
− f (X)

x−i

X
− γx2

i − λ1 = 0,

λ1(xi − x̄) = 0, λ1 ≥ 0, and xi ≤ x̄.

where, x−i = ∑j 6=i xj.
Thus, we have a corner solution in which (xc, kc) = (xc, 0) and xc is the solution of the
following equation [ f

′
(X)− (N − 1) f (X)] x

X − 2γx = λ1, for λ1 ≥ 0.

Case 3. Condition xi ≥ 0 is binding and ki ≥ 0 is not binding.

In this case, agent i chooses xi = 0 and ki > 0. Then, agent i has to choose only ki that
maximize the following optimization problem.

max
ki

Ui(0, ki) = −c(ki) + δB(0, xNi(g), ki),

s.t ki ≤ 1, xi ≤ x̄.

We observe that the condition xi = 0 holds if Ui ≥ 0. Thus, we need δB(0, xNi(g), ki) ≥
c(ki). Let us assume that δB(0, xNi(g), ki) ≥ c(ki), then we have the Lagrangian as follows:

L(ki) = −c
′
(ki) + δB(0, xNi(g), ki)− λ1(xi − x̄)− λ2(ki − 1).

Taking the first order condition with respect to ki, we have

∂L(ki)

∂ki
= −c

′
(ki) + δ

∂

∂ki
B(0, xNi(g), ki)− λ2 = 0.

Thus, under the condition δB(0, xNi(g), ki) ≥ νk2
i , we have a corner solution (xc, kc) =

(0, kc), in which kc is the solution of the equation −c
′
(ki) + δ ∂

∂ki
B(0, xNi(g), ki)− λ2 = 0 for

λ2 ≥ 0.

Case 4. Both conditions xi ≥ 0 and ki ≥ 0 are not binding.

In this case, in order for the slackness condition 3.6 and 3.7 to be satisfied, we need λ3

and λ4 equal to zero. Now, in Case 4, concerning the complementary slackness conditions
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3.4 and 3.5 which are λ1(xi − x̄) = 0 and λ2(ki − 1) = 0, by the same logic, we also con-
sider the four following cases.

Case 4.a. Both constraints xi ≤ x̄ and ki ≤ 1 are not binding. Thus, we need λ1 = 0 and
λ2 = 0 in order for the complementary slackness conditions 3.4 and 3.5 to be satisfied.
And similarly for the other three cases.

Case 4.b. The constraint xi ≤ x̄ is binding and ki ≤ 1 is not binding. Thus, λ1 > 0 and
λ2 = 0.

Case 4.c. The constraint xi ≤ x̄ is not binding and ki ≤ 1 is binding. Thus, λ1 = 0 and
λ2 > 0.

Case 4.d. Both constraints are binding which is xi = x̄ and ki = 1. In this case, we need both
λ to be strictly positive, λ1 > 0 and λ2 > 0. Thus, the corner solution is (xc, kc) = (x̄, 1).

We focus our investigation on Case 4.a that the both slackness conditions are not bind-
ing, xi − x̄ < 0 and ki − 1 < 0. This a case that agents’ efforts cannot reach the maximum
effort’s capacity and no agent can link to every other agents in the network. In order for
the complementary slackness conditions 3.4 and 3.5 to be satisfied, we need λ1 = λ2 = 0.
Then, in this case, we can write the KKT conditions as follows.

∂L(xi, ki)

∂xi
= f

′
(X)

xi

X
+ f (X)

x−i

X2 − 2γxi + δ
∂

∂xi
B(xi, xNi(g), ki) = 0, (3.9)

∂L(xi, ki)

∂ki
= −c

′
(ki) + δ

∂

∂ki
B(xi, xNi(g), ki) = 0. (3.10)

Thus, the KKT condition is necessary condition for the maximization problem.

Sufficient condition for optimality

In order to ensure the existence of a maximum, the Hessian matrix has to be negative
definite. Thus, the following Hessian second order sufficient condition must be hold: H1 =
∂2Ui
∂x2

i
< 0 and H2 = ∂2Ui

∂x2
i

∂2Ui
∂k2

i
−
(

∂2Ui
∂xi∂ki

)2
> 0. We denote that Bi = B(xi, xNi(g), ki). Following

the Hessian sufficient condition, we have

H1 =
∂U2

i
∂2xi

=
1

X2

{
f
′′
(X)Xxi + 2x−i

(
f
′
(X)− f (X)

X

)}
− 2γ + δ

∂2Bi

∂x2
i

.
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Since we have xi, x−i ≥ 0, f
′′
(X) < 0 and f

′
(X)X − f (X) < 0 because f (x) is a concave

function, the condition H1 < 0 if we have

∂2Bi

∂x2
i
≤ 0

or 0 <
∂2Bi

∂x2
i
≤ 1

δ

∣∣∣∣ 1
X2

{
f
′′
(X)Xxi + 2x−i

(
f
′
(X)− f (X)

X

)}∣∣∣∣ .

Now, we have the condition H2 = ∂2Ui
∂x2

i

∂2Ui
∂k2

i
−
(

∂2Ui
∂xi∂ki

)2
> 0. This condition suggests

that H2 > 0 if we have

∂2Ui

∂k2
i

< 0 and
∂2Ui

∂x2
i

∂2Ui

∂k2
i

>

(
∂2Ui

∂xi∂ki

)2

.

Note that we have ∂2Ui
∂k2

i
= −c

′′
(ki) + δ ∂2Bi

∂k2
i

, where Bi = B(xi, xNi(g), ki).

The slope of the best response function

Now we examine the relationship between xi and x−i, which is known as the slope of the
best response function. Let Ux = ∂Ui

∂xi
and Uk = ∂Ui

∂ki
. Following the theorem of implicit

function (Chiang, 1984), we have

Uxx
∂xi

∂x−i
+ Uxk

∂ki

∂x−i
+ Uxx−i = 0

Ukx
∂xi

∂x−i
+ Ukk

∂ki

∂x−i
+ Ukx−i = 0

Solving these system equations leads us to the following equation (proof in Appendix B):

∂x
∂x−i

=
1
∆
(UxkUkx−i −Uxx−i Ukk)

where, ∆ = UxxUkk −UxkUkx and ∆ > 0 by the sufficient condition for optimality.
Thus, we observe that ∂x

∂x−i
< 0 if UxkUkx−i −Uxx−i Ukk < 0. On the other hand, if UxkUkx−i −

Uxx−i Ukk > 0, then ∂x
∂x−i

> 0. Therefore, we would have the strategic complementarity
between xi and x−i if and only if UxkUkx−i −Uxx−i Ukk > 0.

3.2.3 Nash equilibrium extraction and network connection

In order to calculate explicit solution for the Nash equilibrium and the welfare analysis
in the next section, we make some assumptions about the functional forms of the effort
function and social influence through network.
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Following the study of Walker et al. (1990) in limit-access common pool resource, we
let f (x) = ax− bx2 be the effort function, where a ≥ 0 and b ≥ 0. We can check that the
function f (x) satisfies our assumption.

f (x) ≥ 0 if x ≤ a
b

, f
′
(x) = a− 2bx ≥ 0 if x ≤ a

2b
f
′′
(x) = −2b ≤ 0.

For simplicity, we assume that the resource capacity is equal to X̄. In the spirit of a
“fair share" contribution theory (Gould, 1993), in situation of cooperation, we consider that
each agent shares equally the resource, i.e., x̄j = x̄i = x̄ = X̄

N . The over-exploitation prob-
lem would happen when all agents put more effort than their maximum effort (i.e., effort
capacity) to extract the common resource. Thus, agent i’s conservation effort could be cal-
culated by x̄i − xi. Agents, who conserve the resource, would be more likely to be friend
with who also conserve the common good. We therefore have the network benefit func-
tion as follows: B(xi, xj) = (x̄j − xj)(x̄i − xi) for any j in the network of i, j ∈ Ni(g). This
means that each agent would continue to conserve the resource as long as their neighbors
doing so. Total benefit gained from all agent i’s direct connection is defined as follows:

Bi = ∑
j∈Ni(g)

(x̄j − xj)(x̄i − xi) =
N

∑
j

gij(x̄j − xj)(x̄i − xi), (3.11)

where, gij = 1 if there is a link between i and j. For instance, when N = 2 and gij = 1 (or
j ∈ Ni(g)), we would have B(xi, xj) = (x̄j − xj)(x̄i − xi) with gij = 1. The network benefit
function suggests that each agent, who put effort in conserving the common resource,
would also benefit from their direct neighborhood conservation efforts.

In addition to the network benefit, in order to form a link to other agents, each agents
has to pay a unit cost ν which is assumed to be homogeneous across agents. Since agent
i’s network connection, ki, is defined as a fraction of friends or neighbors, total connection
cost or linking cost is then calculated as follows:

c(ki) = ν[(N − 1)ki]
2, (3.12)

where, N − 1 is the total number of potential connections and ki = ∑N
j

gij
N−1 . For instance,

in a network with only two agents i and j who are connected to each other, we have c(ki) =

ν. However, if there are 5 agents connected to each others in a circle network, we have
c(ki) = 4ν.

We now examine the outcome of the model with social influence through network
under the assumption of effort and network benefit functional forms. Thus, we have to
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solve the following maximization problem:

max
xi ,ki

Ui(xi, ki) = f (X)
xi

X
− γx2

i − ν[(N − 1)ki]
2 + δ

N

∑
j

gij(x̄j − xj)(x̄i − xi) (3.13)

s.t xi ≤ x̄, xi ≥ 0, 0 ≤ ki ≤ N − 1,

Sufficient condition for optimality

We could simply check that the condition H1 < 0 is satisfied because

∂Bi

∂xi
= −δ

N

∑
j

gij(x̄j − xj) and
∂2Bi

∂x2
i
= 0.

Additionally, the condition H2 > 0 can be satisfied if we have 4(b + γ)ν(N − 1) > (δφi)
2,

where φi = x̄Ni(g) − x̃Ni(g) (see the proof in Appendix A).

Therefore, this result leads us to the following Lemma.

Lemma 1. The optimization problem has a maxima if and only if there exists ν such
that

ν >
(δφi)

2

4(b + γ)
, (3.14)

where, φi = x̄Ni(g) − x̃Ni(g).

The result of Lemma 1 is complementary with our previous condition of the linking
cost ν. As previously mentioned, in order for a link between i and j to be established, we
need ν < δ(x̄j − xj)(x̄i − xi) for j ∈ Ni(g) and gij = gji = 1. Thus, Lemma 1 suggests
that the linking cost ν needs to be lower than the benefit of the network link, but this cost

cannot be too low. If the cost ν is lower than the threshold δ2(x̄j−x̃j)
2

4(b+γ)
for j ∈ Ni(g), then

there will not exist any interior equilibrium solution because when the linking cost is very
low, all agents would have incentive to initiate the links with all other agents as much as
possible (i.e., they will all choose the corner solution such that kc = 1).

The slope of the best response function

From the previous Section, we can examine the relationship between xi and x−i by check-
ing the following condition: Uxx−i Ukk − UxkUkx−i > 0. If this condition is satisfied then
the CPR game is strategic complementary ∂x

∂x−i
> 0. From the utility function, we could
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simply get that

Uxx−i = −b + δki(N − 1),

Ukk = −2ν(N − 1)2,

Uxk = −δ(N − 1)(x̄−i − x̃−i),

Ukx−i = −δ(N − 1)(x̄i − xi).

Thus, the CPR game is strategic complementary if and only if there exists sufficiently high
degree of connection such that

ki >
b

δ(N − 1)
− δ

2ν(N − 1)
(x̄−i − x̃−i)(x̄i − xi). (3.15)

On the other hand, if the above condition does not hold, then the CPR game is strate-
gic substitute ∂x

∂x−i
< 0. This means that all agents will suffer resource loss if one increase

his or her extraction; Otherwise, if an agent reduces his or her extraction, then others
would gain more resource by increasing their extraction. This is a nature of the CPR game
because of the substractability property of the commons. Therefore, in the presence of
network, a network with more connection would help to shift individual behavior from
strategic substitute to complementarity if and only if the following condition is satisfied
ki >

b
δ(N−1) −

δ
2ν(N−1) (x̄−i − x̃−i)(x̄i − xi).

Equilibrium

From the optimization problem 3.13, we have the following Lagrangian

L(xi, ki) = (a− bX)xi − γx2
i − ν[(N − 1)ki]

2 + δki(N − 1)(x̄− x̃Ni(g))(x̄− xi) (3.16)

− λ1(xi − x̄)− λ2(ki − 1) + λ3xi + λ4ki,

where, x̄i = x̄j = x̄Ni(g) = x̄ and x̃Ni(g) =
1

|Ni(g)| ∑N
j gijxj =

1
ki(N−1) ∑N

j gijxj since all agents
are identical by assumption.

We have the F.O.C of the Lagrangian as follows:

∂L
∂xi

= a− b(X + xi)− 2γxi − δki(N − 1)(x̄− x̃Ni(g))− λ1 + λ3 = 0

∂L
∂ki

= −2ν(N − 1)2ki + δ(N − 1)(x̄− x̃Ni(g))(x̄− xi)− λ2 + λ4 = 0

Recall the KKT conditions, we can check whether all the conditions are satisfied.
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Case 1. We have zero utility because xi = 0, ki = 0 and B(0, xNi(g), 0) = 0. Thus, in
this case, we have a corner solution (xc; kc) = (0; 0).

Case 2. We have xi > 0 and ki = 0. Thus, λ3 = 0 by the complementary slackness
condition (3.6). Therefore, from the KKT condition, we have a corner solution

xc =
a− λ1

b(N + 1) + 2γ
, for λ1 ≥ 0 and kc = 0

For λ1 > 0, by the complementary slackness, we have x̄c = x̄ and kc = 0 if λ1 =

a− [b(N + 1) + 2γ]x̄ > 0. For λ1 = 0, we need the constraint xi < x̄ by the complemen-
tary slackness (3.4). Thus, the solutions are xc = a

b(N+1)+2γ
and kc = 0.

Case 3. We have the constraint xi ≥ 0 is binding and ki ≥ 0 is not binding. Thus, from the
complementary slackness, we need λ3 = 0 and λ4 > 0. The Lagrangian (3.16) is rewritten
as follows.

L(ki) = −2ν(N − 1)2ki + δB(0, xNi(g), ki)− λ1(xi − x̄)− λ2(ki − 1)

where, B(0, xNi(g), ki) = ki(N − 1)(x̄− x̃Ni(g))x̄.

Under the condition U(0, ki) ≥ 0 which is equivalent to ν(N − 1)k2
i ≤ δ(x̄− x̃Ni(g))x̄,

we have

∂L
∂ki

= −2ν(N − 1)2ki + δ(N − 1)(x̄− x̃Ni(g))x̄− λ2 = 0

At the equilibrium, we have xi = xj = xc = 0 and thus x̃Ni(g) = 0. For λ2 > 0, then by
the complementary slackness, we have k̄c = 1 and λ2 = δx̄2 − 2ν(N − 1) > 0. For λ2 = 0,
we have a corner solution xc = 0 and kc = δx̄2

2ν(N−1) .

Case 4. We have both xi and ki are strictly positive and thus λ3 = λ4 = 0 by the slackness
condition (3.6) and (3.7). Now, concerning the complementary slackness (3.4) and (3.5),
we have also four following cases.

Case 4.a. We have the constraint xi ≤ x̄ is not binding and ki ≤ 1 is binding. Thus,
λ1 = 0 and λ2 > 0. We have the following Lagrangian.

L(xi, ki) = (a− bX)xi − γx2
i − ν[(N − 1)ki]

2 + δki(N − 1)(x̄− x̃Ni(g))(x̄− xi)− λ2(ki − 1)
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Taking the F.O.C with respect to xi and ki, we have

∂L
∂xi

= a− b(X + xi)− 2γxi − δki(N − 1)(x̄− x̃Ni(g)) = 0

∂L
∂ki

= −2ν(N − 1)2ki + δ(N − 1)(x̄− x̃Ni(g))(x̄− xi)− λ2 = 0

Since the ki ≤ 1 is binding, from the complementary slackness, we have k̄c = 1 at the
equilibrium. Solving the above system equations, we obtain the solutions

x̄c =
a− δ(N − 1)x̄

(N + 1)b + 2γ− δ(N − 1)
, k̄c = 1, and λ2 = −2ν(N − 1)2 + δ(N − 1)(x̄− x̄c)2.

It should be noted that the case 4.a will not be satisfied if λ2 = −2ν(N − 1)2 + δ(N −
1)(x̄− x̄c)2 < 0.

Case 4.b. We have, in this case, λ1 > 0 and λ2 = 0. From the slackness condition, we
have xi = x̄. Thus, at the equilibrium, we have x̄c = x̄. Similarly, from the F.O.C, we
obtain

a− b(N + 1)x̄c − 2γx̄c − λ1 = 0

−2ν(N − 1)2k̄c = 0

By solving these system equations, we have the corner solutions.

x̄c = x̄, kc = 0, and λ1 = a− [b(N + 1) + 2γ]x̄.

We also need λ1 = a− [b(N + 1) + 2γ]x̄ > 0 in order for the KKT condition to be satisfied.

Case 4.c. We have both constraints are binding. Thus, xi = x̄, ki = 1, λ1 > 0 and λ2 > 0.
We have, at the equilibrium,

x̄c = x̄ k̄c = 1.

And we can find λ1 and λ2 by solving the F.O.C.

a− [(N + 1)b + 2γ]x̄c = λ1

−2ν(N − 1)2k̄c = λ2

We observe that λ2 = −2ν(N − 1)2k̄c = −2ν(N − 1)2 < 0. Therefore, the KKT condition
that λ2 > 0 is violated.
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Case 4.d. In this case, we have λ1 = λ2 = 0. Let x∗ and k∗ be the interior equilibrium
solutions. From the KKT condition, we have

a− [(N + 1)b + 2γ]x∗ − δ(N − 1)k∗(x̄− x∗) = 0 (3.17)

−2ν(N − 1)2k∗ + δ(N − 1)(x̄− x∗)2 = 0 (3.18)

Thus, we have

δ2(x̄− x∗)3 + 2[(N + 1)b + 2γ]νx∗ − 2aν = 0 (3.19)

We can solve this third order polynomial equations by using the Cardano method (see
details in Appendix C). We obtain

x∗ = x̄− pn

3un + un (3.20)

k∗ =
δ(x̄− x∗)2

2ν(N − 1)
(3.21)

where, un = ( qn

2 ±
√

qn2

4 + pn3

27 )
1
3 , pn = − [2(N+1)b+4γ]ν

δ2 and qn = [2(N+1)b+4γ]νx̄−2aν
δ2 .

To sum up, there are totally seven corner solutions (xc; kc) and three interior solutions
(x∗; k∗).
(i). Seven corner solutions:

• (xc; kc) = (0; 0),

• (xc; kc) =
(

0; δx̄2

2ν(N−1)

)
,

• (xc; kc) =
(

a
b(N+1)+2γ

; 0
)

,

• (xc; k̄c) = (0; 1), where λ2 = δ(N − 1)x̄2 − 2ν(N − 1)2 > 0,

• (x̄c; kc) = (x̄; 0), where λ1 = a− [b(N + 1) + 2γ]x̄ > 0,

• (x̄c; k̄c) =
(

a−δ(N−1)x̄
(N+1)b+2γ−δ(N−1) ; 1

)
, where λ2 = −2ν(N − 1)2 + δ(N − 1)(x̄− x̄c)2 > 0.

(ii). Three interior solutions: (x∗, k∗) =
(

x̄− pn

3un + un; δ
2ν

(
pn

3un − un
)2
)

,

where, un = ( qn

2 ±
√

qn2

4 + pn3

27 )
1
3 , pn = − [2(N+1)b+4γ]ν

δ2 and qn = [2(N+1)b+4γ]νx̄−2aν
δ2 .
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Relationship between equilibrium extraction and network connection

From Equation (3.21), the impact of equilibrium extraction on the equilibrium network
connection can be calculated as follows:

∂k∗

∂x∗
= −δ(x̄− x∗)

ν(N − 1)
.

We observe that ∂k∗
∂x∗ is always negative because we always have x̄− x∗ ≥ 0, ∂k∗

∂x∗ ≤ 0.

Additionally, from Equation (3.20), we have the equilibrium extraction as a function
of the equilibrium network connection as follows:

x∗ =
a− δ(N − 1)k∗ x̄

(N + 1)b + 2γ− δ(N − 1)k∗
.

Taking the derivative of this equation with respect to k∗, we have

∂x∗

∂k∗
= δ

a− [(N + 1)b + 2γ]x̄
[(N + 1)b + 2γ− δ(N − 1)k∗]2

.

We could observe that ∂x∗
∂k∗ ≤ 0 if we have a− [(N + 1)b + 2γ]x̄ ≤ 0 or x̄ ≥ a

(N+1)b+2γ
.

Taken together, these results lead us to the following proposition.

Proposition 1. An agent who has higher effort in conserving the CPR is more likely
to connect to more other agents and thus have higher network connection, ∂k∗

∂x∗ < 0 if there
exists an effort capacity x̄ such that x̄ ≥ a

(N+1)b+2γ
.

In the case of no connection between agents (i.e., empty network where there is no
links between agents (k∗ = 0)), we have a simple CPR game with x∗ = a

(N+1)b+2γ
. This

result suggests that the over-exploitation of the common resource will not happen if we
have a sufficiently high extraction cost, γ; Otherwise, all of the agents will have incentives
to extract the resource with their maximum effort (i.e., x∗ = x̄).

In the presence of network (k∗ > 0), our result in Proposition 1 suggests that there is
a negative relationship between network connection and extraction effort, ∂k∗

∂x∗ < 0. This
result can be easily interpreted because a link between agents can be established if and
only if ν < δ(x̄− xj)(x̄− xi) for any j ∈ Ni(g). At the equilibrium, we have ν < δ(x̄− x∗)2

and thus an increasing equilibrium extraction x∗ leads to a reduction in benefit gains from
the network. Therefore, it makes the links between agents less likely to be initiated.
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However, our results also indicate that there exists one equilibrium path ∂x∗
∂k∗ ≥ 0 for

x̄ < a
(N+1)b+2γ

, meaning that the effort capacity is lower than the equilibrium extraction
in the case of no connection. This means that agents compete in extracting the resource
in a situation of resource scarcity since we have X̄ = Nx̄. Thus, encouraging the network
connection in this case may not help to promote the resource conservation, but it could
otherwise lead to more serious over-extraction of the common, ∂x∗

∂k∗ ≥ 0.

Impact of linking cost

From Equation (3.21), we observe that

∂k∗

∂ν
= − δ(x̄− x∗)2

4ν2(N − 1)
≤ 0.

By the chain rule, we have

∂x∗

∂ν
=

∂x∗

∂k∗
∂k∗

∂ν
.

Since we previously know that ∂x∗
∂k∗ ≤ 0 if x̄ ≥ a

(N+1)b+2γ
, thus we would have

∂x∗

∂ν
≥ 0.

Therefore, these results lead us to the following proposition.

Proposition 2. A higher linking cost results in a lower network connection ∂k∗
∂ν ≤ 0

and a higher equilibrium resource extraction ∂x∗
∂ν ≥ 0 if x̄ ≥ a

(N+1)b+2γ
.

This result indicates that in order to encourage the resource conservation, we should
ensure as low as possible linking cost to promote the network connection between agents.
Since with a relatively low linking cost, agents have more incentive to form connections
with others. When there are connections among agents, they would take into account
themselves as well as their neighborhood conservation efforts. Thus, a low linking cost
is needed to promote the CPR conservation. However, in order to ensure the existence of
interior equilibrium solutions, we need also ensure a not two low linking cost as indicated
in Lemma 1 (ν > (δφi)

2

4(b+γ)
). It should be noted that when connection cost is too high, there

will be an empty network (i.e., no link among agents) which is justified by the previous
KKT conditions. In an empty network, we have a simple common pool resource game
and the over-exploitation problem is likely to happen if there is a low extraction cost of the
common resource.
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Impact of social influence

By the same logic, from Equation (3.21), we have

∂k∗

∂δ
=

(x̄− x∗)2

2ν(N − 1)
≥ 0.

And, we would also have

∂x∗

∂δ
=

∂x∗

∂k∗
∂k∗

∂δ
≤ 0 if x̄ ≥ a

(N + 1)b + 2γ
.

Therefore, these results lead us to the following proposition.

Proposition 3. A higher social influence parameter results in a higher network con-
nection ∂k∗

∂δ ≥ 0 and a lower equilibrium extraction ∂x∗
∂δ ≤ 0 if there exists x̄ ≥ a

(N+1)b+2γ
.

The result of Proposition 3 is complementary with Proposition 2 because by assump-
tion in order for a link between i and j to be established (gij = 0), we need ν ≤ δ(x̄ −
xj)(x̄− xi) for j ∈ Ni(g). As a result, instead of promoting lower linking cost to encourage
resource conservation, we could also promote higher social influence to motivate agents
to initiate links with others and thus helps prevent the over-exploitation of the CPR. As
previously mentioned, a more likely a link is formed, a higher possibility of promoting
the CPR conservation since agents have to take themselves and their neighbors’ behavior
into account. Therefore, in addition to the linking cost, policymaker should also take the
social influence into account in order to more effectively motivate individuals to conserve
the common resources.

3.3 Welfare analysis

3.3.1 Socially optimal extraction and network connection

Let xe and ke be the socially optimal extraction and network connection, which maximizes
the following aggregate payoff.

max
xi ,ki

∑
i

Ui = max
xi ,ki

N

∑
i
{ f (X)

xi

X
− γx2

i − ν[(N − 1)ki]
2 + δ ∑

j∈Ni(g)
B(xi, xj, ki)} (3.22)

where, the social influence B(xi, xj, ki) = ki(N − 1)(x̄− x̃Ni(g))(x̄− xi).
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From the maximization problem 3.22, we have the F.O.C with respect to xi and ki as
follows:

a− 2b ∑
i

xi − 2γxi − δki(N − 1)(x̄− x̄Ni(g))− δk j(N − 1)(x̄− x̃Nj(g)) = 0

−2ν(N − 1)2ki + δ(N − 1)(x̄− x̃Ni(g))(x̄− xi) = 0.

At the social optimum, we have

a− 2Nbxe − 2γxe − 2δ(N − 1)ke(x̄− xe) = 0

−2ν(N − 1)2ke + δ(N − 1)(x̄− xe)2 = 0

Thus, we have ke = δ(x̄−xe)2

2ν(N−1) and

a− 2(Nb + γ)xe − 2
δ2

ν
(x̄− xe)3 = 0.

Solving this third order degree polynomial equation (see detailed proof in Appendix C),
we obtain the socially optimal extraction and network connection as follows:

xe = x̄− pe

3ue + ue (3.23)

ke =
δ(x̄− xe)2

2ν(N − 1)
, (3.24)

where, ue = ( qe

2 ±
√

qe2

4 + pe3

27 )
1
3 , pe = − 2(Nb+γ)ν

δ2 and qe = 2(Nb+γ)νx̄−aν
δ2 .

3.3.2 Efficiency

From Equation (3.24), we obtain the socially optimal extraction xe as a function of ke.

xe =
2x̄−

√
∆e

2
,

where, ∆e = 8ν
δ x̄2ke. It should be noted that the upper socially optimal xe = 2x̄+

√
∆e

2 > x̄
violates the condition that xi ≤ x̄.

We observe that xe < x∗ because ke > k∗. Thus, we have x∗ = xe if there exists a
positive rent d such that x∗ − d = xe.

d =
1
2
(
√

∆e −
√

∆∗),

where, ∆e = 8ν
δ x̄2ke and ∆∗ = 8ν

δ x̄2k∗.
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This leads us to the following proposition.

Proposition 4. The outcome of Nash equilibrium x∗ is efficient if there exists a positive
rent d such that x∗ − d = xe, where d = 1

2 (
√

∆e −
√

∆∗), ∆e = 8ν
δ x̄2ke and ∆∗ = 8ν

δ x̄2k∗.

This proposition suggests that the Nash equilibrium will be efficient if the positive
rent d equals to zero. The only way to minimize d is to minimize the difference between ke

and k∗. We have ke − k∗ = 0 is equivalent to

pe

3ue − ue − pn

3un + un = 0.

where, ue = ( qe

2 ±
√

qe2

4 + pe3

27 )
1
3 , pe = − 2(Nb+γ)ν

δ2 , qe = 2(Nb+γ)νx̄−aν
δ2 and un = ( qn

2 ±√
qn2

4 + pn3

27 )
1
3 , pn = − [2(N+1)b+4γ]ν

δ2 , qn = [2(N+1)b+4γ]νx̄−2aν
δ2 .

We observe that we could let ∆e = ∆∗ = 0 to minimize d, but in this case, the CPR has
only one solution with xe = x∗ = x̄. Thus, there will exist the over-exploitation problem
of the CPR.

In the case that ∆∗ > 0 and ∆e > 0, we can observe that

pe − pn = −2(Nb + γ)ν

δ2 +
[2(N + 1)b + 4γ]ν

δ2

=
ν

δ2 [b + 2γ].

We observe that the difference between Nash equilibrium and social optimum can
be minimized by firstly reducing b which will reduce the benefit gain from extracting the
common resource because f (X) = aX − bX2. Thus, agents would have lower incentive
to extract more resource from the common pool. Secondly, we could encourage the re-
source conservation by reducing the linking cost ν (i.e., encourage the socialization) since
one connects to his/her neighbors, would take the conservation effort of him/herself and
his/her neighbors into account. Finally, promoting the social influence by increasing the
social influence parameter δ, which can help to either promote the network connection
or agents’ conservation efforts. For instance, one who cares more about others may have
lower incentive to over-extracting the common pool resource than those who do not.

3.4 Numerical analysis

In this section, we provide a numerical analysis of our analytical results. We consider that
the resource capacity X̄ = 5 and there are totally 5 agents (N = 5) competing in a common
pool resource game. Thus, we have each agent’s effort capacity x̄ = X̄

5 = 1. However, each
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agent can decide to invest x ∈ [0, X̄] to extract the common resource, but if the total effort
is equal or higher than the resource capacity, X ≥ X̄, then each agent would share a total
payoff f (X̄), such that f (X̄) xi

xi+x−i
.

Regarding the effort function, we consider that f (X) = aX − bX2 with a = 2 and
b = 0.4 in order to ensure that f (X) is increasing (i.e., f

′
(X) ≥ 0) for any X ≤ 1

2 ∗ 5 = 2.5.
From this assumption, we can observe that f (X) = 0 for X̄ = 5 (i.e., there are totally 5
agents (N = 5) and each agent invests x = 1), meaning that without any extraction cost
or presence of social influence, no agent would have no incentive to put more than the
maximum capacity of effort in harvesting the common good. In other words, f (X̄) xi

xi+x−i

will not happen. The extraction cost of the CPR, γ, for each unit of extracted resource is
assumed to be homogeneous across agents and be equal to 0.5. This means that it is costly
for each agent to extract the resource, and thus there will be no over-exploitation in the
situation of no network and social influence.

In the presence of network and social influence, we have to choose the linking cost
ν such that ν ≤ (x̄ − xj)(x̄ − xi). For instance, a link will be formed between agent i
and j who put 60% of their efforts to extract the common resource (i.e., they conserve the
resource by putting 40% of their efforts) if we have ν ≤ 0.7× (1− 0.6)× (1− 0.6) = 0.112.
Therefore, we set ν = 0.1 with δ = 0.7 and thus, agents who conserve the resource by
extracting less than 60% of their efforts would have incentive to initiate links with others
who also conserving the common good by extracting less than 60%. Therefore, we have

a = 2, b = 0.4, N = 5, γ = 0.5, ν = 0.1 δ = 0.7, X̄ = 5.

The optimization is following the maximization (3.13) and agent i will choose xi and
ki to maximize their payoffs. Thus, we have the following interior equilibrium solutions.

x∗ = x̄− pn

3un + un (3.25)

k∗ =
δ

2ν

(
pn

3un − un
)2

(3.26)

where, un = ( qn

2 ±
√

qn2

4 + pn3

27 )
1
3 , pn = − [2(N+1)b+4γ]ν

δ2 and qn = [2(N+1)b+4γ]νx̄−2aν
δ2 .

From these assumptions, there exists three equilibrium solutions (x∗1 , k∗1) = (0.157, 0.620),
(x∗2 , k∗2) = (0.495, 0.222) and (x∗3 , k∗3) = (2.346, 1.000). The first equilibrium suggests that
there are totally 5 agents and each agent invest nearly 15% of his or her effort in extracting
the common resource with the optimal network connection equal to 62%. This suggests
that it is optimal for every agent to connect to 62% of total number of agents in the group.
However, equilibrium x1 and x3 are locally unstable. The stable equilibrium x2 is that
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each agent should invest 49.5% of his or her effort and connect to 22.2% of the total poten-
tial connections. This equilibrium is locally stable, meaning that it is possible to achieve
a sustainable resource extraction by promoting social influence in network (the detailed
discussion about the stability will be discussed in next Section).

3.4.1 Best response functions

For simplicity, let’s consider that there are two agents i and j extracting/harvesting a com-
mon good, meaning that N = 2. Since the network is indirect, these two agents i and j can
decide whether to link to each other (i.e., gij = 1 and ki = k j = 1) or not (i.e., gij = 0 and
ki = k j = 0). Let Bi(xj) and Bj(xi) be the best response function of i and j, respectively.
From F.O.C (3.9) and (3.10), we have the agent i’s best response function as follows:

Bi(xj) =
a− bxj − δki(x̄j − xj)

2(b + γ)
.

By symmetry, we have

Bj(xi) =
a− bxi − δk j(x̄i − xi)

2(b + γ)
.

Since we only have two agents, they must either link with each other or not (i.e., gij = 1 or
gij = 0). Then, we should have two following cases:
Case 1: gij = 0.

Bi,0(xj) =
a− bxj

2(b + γ)
.

By symmetry, Bj,0(xi) =
a− bxi

2(b + γ)
.

In this case, we have a simple common pool game which has been widely investigated
in the literature. From the best response function, it is obvious that we have a strategic
substitute since ∂Bi

∂xj
< 0 and ∂Bj

∂xi
< 0. This suggests that others will extract more resource

if one reduces the extraction and thus no agent has incentive to conserve the resource by
reducing his or her extraction effort. This is in line with the existing literature of the CPR
game (Roy and Sabarwal, 2012).
Case 2: gij = 1.
If they link to each other, we have gij = gji = 1 since the network is indirect. From the



170 Chapter 3. Common pool resource game on endogenous network

previous best response functions, we have

Bi,1(xj) =
a− bxj − δ(x̄j − xj)

2(b + γ)
.

Bj,1(xi) =
a− bxi − δ(x̄i − xi)

2(b + γ)
.
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(a) Simulation results.
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Figure 3.1: The best response functions when gij = 0 and gij = 1.

Figure 3.1 illustrates the best response Bi and Bj with our parameter assumption. It
suggests that the best response strategies are strategic substitute, ∂xi

∂xj
< 0 in the case that

gij = 0. However, in the case of gij = 1, the best response functions Bi,1(xj) and Bj,1(xi)

suggest that there exist a strategic complementarity between xi and xj. This means that
the social influence through network could play a role in shifting individual from strategic
substitute to strategic complementarity. In this way, motivating a resource conservation
of one agent in the network could possibly help to promote the conservation behaviors
of his or her direct neighbors. Therefore, the social influence through network makes the
cooperation in conserving the common resource more likely to sustain than the case of
without network.

3.4.2 The relationship between the equilibrium network connection and the
equilibrium extraction effort of the CPR

In order to study the relationship between the equilibrium network connection and the
equilibrium extraction effort, we can also express the equilibrium extraction x∗ as a func-
tion of network connection k and the equilibrium network connection as a function of x as
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follows:

x∗ =
a− δ(N − 1)kx̄

(N + 1)b + 2γ− δ(N − 1)k
. (3.27)

k∗ =
δ(x̄− x)2

2ν(N − 1)
. (3.28)

From Figure 3.1(a), we have two equilibrium extractions corresponding to two differ-
ent equilibrium network connections k (k = 0 and k = 1 since there are only two agents).
We observe that the equilibrium changes when the network connection k varies. Let x∗0
and x∗1 be the equilibrium at k = 0 and k = 1, respectively. We illustrate these equilib-
rium solutions in Figure 3.1(b). Figure 3.1(b) shows a negative relationship between the
network connection and the extraction of the CPR because the equilibrium x∗0 move from
a higher equilibrium to a lower equilibrium x∗1 < x∗0 as k goes from 0 to 1. This result
validates partially our Proposition 1 which suggests that network connection could help
to incentivize agents to conserve the common resource.

In the previous example, we discuss the relationship between network connection and
resource extraction when there are only two agents. In a general case, when there exists
N agents (N = 5 by assumption), each agent could possibly form links with N − 1 other
agents (i.e., potential connections). In this case, we also observe that there is a negative
relationship between network connection (i.e., the fraction of direct links/connections)
and the resource extraction (Figure 3.2). This is in line with our theoretical findings in
Proposition 1.
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Figure 3.2: Equilibrium extraction effort and network connection with different x̄.

When we reduce the effort capacity from x̄ = 1 to x̄ = 0.7, we also observe the neg-
ative relationship between network connection and resource extraction. In this case, we
have one locally stable equilibrium solution which is (x∗, k∗) = (0.587, 0.011). This means
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that in the situation of resource scarcity (x̄ = 0.7), social influence through network could
play an important role in incentivizing the resource conservation. However, it is neces-
sary to keep a sufficient low cost of linking in order to incentivize the network connection
since we have a very low k∗ = 0.019. In this case, if we sightly increase the cost of linking,
then it is obvious that the equilibrium of the CPR game will change from the locally sta-
ble interior equilibrium to the corner equilibrium (x∗, k∗) = (0.625, 0) with no connection
between individuals k∗ = 0. In this case, we have a simple CPR game with no network
and social influence. Thus, by simply relax the assumption of the extraction cost, the over-
extraction of the CPR is likely to happen since all agents will have incentives to choose x∗

(x∗ = 0.909) which is closed to x̄.

3.4.3 Local bifurcation

In order to study the impact of linking cost ν and social influence δ on the equilibrium
extraction and network connection, we apply the theory of local bifurcation which can
help to analyze how the local stability properties of equilibria changes as the parameter
varies (Crawford, 1991).

From the system equation (3.17), the equilibrium extraction is a solution of the follow-
ing equation.

−δ2(x̄− x∗)3 − 2[(N + 1)b + 2γ]νx∗ + 2aν = 0

Let g(x) be a function such that

g(x) ≡ −δ2(x̄− x)3 − 2[(N + 1)b + 2γ]νx + 2aν (3.29)

The solution of g(x) = 0 gives us the equilibrium extraction effort as previously discussed.
Let us recall the three equilibrium extractions.

x∗ = x̄− pn

3un + un

where, un = ( qn

2 ±
√

qn2

4 + pn3

27 )
1
3 , pn = − [2(N+1)b+4γ]ν

δ2 and qn = [2(N+1)b+4γ]νx̄−2aν
δ2 .

From these equilibrium extractions, we are able to calculate the equilibrium network con-
nection as follows:

k∗ =
δ(x̄− x∗)2

2ν(N − 1)
. (3.30)
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In order to draw a phase diagram for g(x), we linearize Equation (3.29) around its
steady state x∗. By linearlizing g(x) near x∗, we have

L(x) = g(x∗) + gx(x∗)(x− x∗)

=
[
3δ2(x̄− x∗)2 − 2((N + 1)b + 2γ)ν

]
(x− x∗)

where, g(x∗) = 0. Then, from the different equation dx
dt = L(x), we have

x(t) = x∗ + {x(0)− x∗} exp[3δ2(x̄−x∗)2−2((N+1)b+2γ)ν]t . (3.31)

From this equation, we can draw the direction field and several trajectories as well as
the phase portrait diagram for g(x) in Figure 3.3. Let us denote the three set of equilibrium
(x∗1 , k∗1), (x∗2 , k∗2) and (x∗3 , k∗3) such that x∗1 < x∗2 < x∗3 (Figure 3.3(a)). Figure 3.3(a) shows
graphically that the equilibria x∗1 and x∗3 are unstable (which are also known as “source")
but x∗2 is stable (i.e., a “sink").
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(b) The direction field and trajectories for g(x).

Figure 3.3: Phase diagram and trajectories for g(x).

The blue line in Figure 3.3(b) is represented for the equilibrium which is x∗1 and x∗2 .
Thus, given any x(0) start below or above the equilibrium x∗2 , for t grows from 0 → ∞,
we will eventually converge to the stable equilibrium x∗2 . From our parameter assump-
tions, we are able to calculate that equilibrium solution (x∗2 , k∗2) = (0.495, 0.222). The two
dimensional direction field and trajectories of x∗2 and k∗2 is presented in Figure 3.4. The two
other unstable equilibrium x∗1 and x∗3 also exist in our model, presenting for the situation
of under-extraction and over-exploitation of the CPR. The two dimensional plot with all
three equilibrium is reported in Figure D.1 in Appendix D.
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Figure 3.4: Two dimensional direction field and trajectories for extraction effort x
against network connection k with (x∗1 , k∗1) and (x∗2 , k∗2).

Theoretically, from Equation (3.31), we observe that when the term 3δ2(x̄ − x∗)2 −
2((N + 1)b + 2γ)ν < 0, we would have |x(t)| → x∗ as t→ ∞ for x∗ which is locally stable.
Otherwise, if 3δ2(x̄ − x∗)2 − 2((N + 1)b + 2γ)ν > 0 , then we will have |x(t)| → ∞ as
t→ ∞ and the equilibrium x∗ is locally unstable. Therefore, we have at

x∗ = x̄−
√

2((N + 1)b + 2γ)ν

3δ2 .

corresponds to the creation of new solution branches. One of these is unstable (x∗1 or x∗3),

the other is stable (x∗2). We can also observe that x∗2 > x̄ −
√

2((N+1)b+2γ)ν
3δ2 = 0.519 (the

equilibrium x∗2 = 0.495). Therefore, we can conclude that the Nash equilibrium x∗2 in our
model is locally stable. This means that the social influence through network could help to
encourage individuals’ long-term resource conservation behaviors. The equilibrium x∗3 is

also satisfied the assumption x∗3 > x̄−
√

2((N+1)b+2γ)ν
3δ2 but x∗3 > x̄, and thus it is not locally

stable.

From function g(x) in Equation (3.29), we observe that the number of equilibria changes
from three to one depending on the values of pn, qn and un. In particular, when pn = qn =

0 and thus un = 0, we will have one solution x∗ = x̄. When qn = 0, the equilibrium
solution exists if and only if we have un 6= 0. If pn 6= 0 and qn 6= 0, we would have three
equilibrium solutions. This is a form of bifurcation. We use the bifurcation diagram as
a tool to illustrate how the number of equilibria and their classifications (sink, source or
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node) change with different model parameters. The values of pn, qn and un depend on sev-
eral parameters but we choose the linking cost parameter ν and social influence parameter
δ which are the key parameters of the social influence through network to illustrate these
bifurcations.

Impact of linking cost

From Equations (3.29), we can draw the bifurcation diagram of the function g(x) and the
extraction effort x for different value of ν which is given in Figure 3.5. Figure 3.5(a) shows
a bifurcation diagram of g(x) depending on a parameter ν (i.e., a one dimensional map).
The objective of a bifurcation diagram is to show the stable structures (fixed point, cycles,
attractors) visited by the dynamics for each value of the so called “bifurcation parameter".
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Figure 3.5: Bifurcation diagram of g(x) and extraction effort x with different ν.

Figure 3.5(a) suggests that as the linking cost ν increases, we can observe the increas-
ing in stable equilibrium extraction. This result is in line with our findings in Proposition
2. This result is also straightforward because higher linking cost leads to a more costly for
agents to initiate links with others and thus results in a reduction in network connection.
And, as a result, we will have a higher extraction of the CPR as the linking cost increases.

When parameter ν is relatively low (ν < 0.25), we observe that there exists only one
unique fixed point (i.e., a simple cycle). For ν > 0.25, the dynamic system goes through
a series of period-doubling bifurcations and chaos appears. When the linking cost crosses
the value of 0.35, chaos suddenly disappears. This suggests that for any ν > 0.35, it is
too costly for agents to initiate links with others and thus no stable equilibrium exists. For
any ν > 0.25 and ν < 0.35, the CPR game enters in the chaos and the over-exploitation
and under-extraction of the CPR is highly likely to occur. Figure 3.5(b) supports this result
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by showing that for any ν > 0.4, CPR game have no interior equilibrium solution and
the stable equilibrium is the equilibrium of the CPR game in the case of empty network
(i.e., no connection between agents). Therefore, ensuring a sufficiently low linking cost is
essential to promote the network connection and sustain agents’ behaviors in conserving
the common pool resource.

Impact of social influence and network size

Similar to previous discussion of the impact of linking cost, in this section, we investigate
about how the equilibrium solutions x∗ changes as the social influence parameter δ and
the network size vary (Figure 3.6). From Figures 3.6(a) and 3.6(b), we observe that as the
parameter changes, there do not exist any series of period-doubling bifurcations or chaos
in the equilibrium extraction.

In Figure 3.6(a), we observe that as social influence parameter increases, agents would
have higher incentive to conserve the CPR and to initiate links with other agents. This re-
sult is in line with our Proposition 3. The interpretation is higher value of δ means higher
benefit gained if agents conserve a common resource and thus agents have higher incen-
tive to reduce their extraction of the CPR, as well as they are more likely to initiate links
with others. However, the CPR game has only unique fixed point or stable equilibrium
as δ < 0.8. For any δ > 0.8, there will be no stable equilibrium and thus the CPR game
will reach either over-exploitation or under-extraction. Therefore, in order to avoid this
catastrophic outcome, we have to keep δ < 0.8.
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(b) Network size N (x̄ = 1).

Figure 3.6: Bifurcation diagram of x with different δ and N.

Figure 3.6(b) suggests that we also have a simple cycle bifurcation diagram of equi-
librium extraction as the bifurcation parameter N varies. Similar to the situation of social
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influence, increasing network size would also lead to reduce in resource extraction in the
CPR game. It should be noted that in this bifurcation diagram, we give each agent a max-
imum effort capacity x̄ = 1, regardless of the network size. For N = 1 meaning that there
is only one agent harvesting the resource, we will witness the over-exploitation of com-
mon resource because we observe that x∗ = x̄. However, the bifurcation disappears when
N > 6, meaning that the game has more than 6 agents. This suggests that the CPR game
will become locally unstable if we have more than 6 agents. This result is in line with the
existing literature that the system of a CPR is locally unstable when there are more than
four agents (Saijo et al., 2017).
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Figure 3.7: Bifurcation diagram of x with different N and given X̄.

Moreover, instead of giving a homogeneous amount of effort capacity to all agents,
we could give them the resource capacity X̄. In this case, when there is only one agent, he
or she can consume all the resource. As the network size increases, we will have higher
competition because there are more and more agents competing to extract the resource.
From Figure 3.7, when N < 5, we observe that there is no stable equilibrium. As the value
of N increases, the resource extraction rapidly decreases. This is not because there is a
present of network and social influence, but it also because there are more agents sharing
the amount of resource X̄. Therefore, it is also important to avoid either too few or too
many agents competing in a CPR game. A sufficient network size is essential to sustain
individuals’ cooperative behavior in conserving the common resource.

3.5 Conclusion and discussion

Several studies have shown that humans may act collectively even in the social dilemma
system (i.e., if one put effort to conserve the resource, others would take this opportunity
to extract more resource. As argued by Ostrom (1990), humans have a natural attitude
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of cooperation and thus they do not act a priori as single players. Players would form
coalitions and play the game according to their optimistic forecast.

In our study, we formulated this idea and applied it to the network-based common
pool resource game. We assume that agents take into account their neighborhood resource
conservation efforts when making their extraction decisions. They choose their optimal
level of effort by comparing themselves with their direct neighbors (other agents in their
networks), which is known as “social influence". We find that social influence through
network can be used to shift individual behavior in harvesting the common resource from
strategic substitute to strategic complementary strategy if there is a sufficiently low cost of
linking (i.e., less costly for agents to form a link with others). And if the best response is
strategic complementary then incentivizing one agent in conserving the common resource
would possibly lead to a reduction in extraction of other agents in his or her network (i.e.,
his or her direct neighbors).

Moreover, our result suggests that there is a negative relationship between network
connection and the extraction of the common goods. This is in line with the existing lit-
erature that socialization encourages people to care more about their personal images or
what their neighbors think about their behaviors and thus they will be more likely to be
influenced by other behaviors (Thaler, 2008). Thus, a sufficiently low cost of linking is
essential to help to promote the network connection as well as incentivize the common
resource conservation. In addition to the cost of linking, higher social influence could also
provide agents higher incentives to form connections or links with others. Therefore, it
is important to take either social influence or cost of linking into account since they are
essential to encourage agents to behave toward resource conservation.

Network size is also important aspect which deserves deep investigation. Our model
suggests that the system of a CPR game is not always locally stable as the network size
varies. Depending on the maximum capacity of effort that each agent can invest in har-
vesting the common resource, a presence of too few or two many agents would give rise to
the over-exploitation of the CPR (i.e., all agents put all their efforts to extract the resource)
(Saijo et al., 2017). In particular, we find that the CPR game will become locally unstable
if there are more than six agents competing in harvesting a common resource. Therefore,
we suggest that policymaker or future research should carefully take the network size
into account before designing a program which uses social influence through network to
encourage individuals to conserve the common resource.

This analysis has several shortcomings which could be addressed by future research.
Firstly, in this study, we consider the simultaneous move game (i.e., agents maximize their
utility by simultaneously choosing the extraction effort and network connection). Thus, a
sequential game, in which agents play a two stage game: a common pool game in the first
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step and then update the network link in the second step, could be also interesting (König
et al., 2010). Our results in Appendix E suggest that solutions in the case of sequential
game are similar to the case of simultaneous game. Secondly, since this is the static Nash
equilibrium model, the agents did not take their own previous actions into account and
thus this makes the model become less realistic. However, this kind of one-shot Nash
equilibrium has been studies a lot in the public good game and thus it is simple but it is
still very interesting to apply. In fact, in some situations, agents make decision regard-
less to their own previous behaviors, for example, agents who make their first decisions
whether they should contribute to public good or not. But, the evolutionary game theoret-
ical model or the dynamic social learning model is also a good approach that could be use
to study the dynamic version of this common pool resources game (Szabó and Fath, 2007).
Thirdly, we suggest that instead of using Nash equilibrium, we could study this model
using the Lindahl equilibrium because in fact, at the equilibrium, each agent shares the
same share of the common good but some agents may value the common good differently
than others (Franke and Leininger, 2018; Foley, 1970; Lindahl, 1958). However, one of the
limitation of the Lindalh equilibrium pricing is we do not exactly how much each agent
values the certain good. But, it is important that the future research could take this issue
into consideration. Finally, a high or low social influence through network depends on
how strong the social norm in the agent’s network. However, it is important to note that
emergence of social norm is out of scope of this study. But, it is worth to be deeply investi-
gated in future study because the social influence parameter depends on social norms and
thus determines whether is is beneficial or not for an agent to initiate a link with his or her
target neighbor.
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Appendix A: Sufficient condition for optimality.

Let us recall that the condition H2 > 0 if we have

∂2U
∂k∗2 < 0 and

∂2U
∂x∗2

∂2U
∂k∗2 >

(
∂2U

∂x∗∂k∗

)2

.

Then, we have

∂2U
∂k∗2 = −2ν(N − 1)2 < 0.

Since H1 < 0, we also have that

∂2U
∂x∗2 = 2δ(N − 1)k∗ − b(N + 1)− 2γ < 0 and

∂2U
∂x∗∂k∗

= −2δ(N − 1)(x̄− x∗).

Therefore, we have the sufficient condition for optimality (i.e., there exists a local
maxima) as follows:

∂2U
∂x∗2

∂2U
∂k∗2 >

(
∂2U

∂x∗∂k∗

)2

⇔ δ(x̄− x∗)2 + ν(N − 1)k∗ <
ν

2δ
[b(N + 1) + 2γ].

From the F.O.C., we have δ(x̄− x∗)2 = 2ν(N − 1)k∗. Thus, we therefore have

k∗ <
1
6δ

[b(N + 1) + 2γ].

Appendix B: The slope of the best response function.

Let us recall the system equations

Uxx
∂xi

∂x−i
+ Uxk

∂ki

∂x−i
+ Uxx−i = 0

Ukx
∂xi

∂x−i
+ Ukk

∂ki

∂x−i
+ Ukx−i = 0

From the second equation, we could have

∂ki

∂x−i
= − 1

Ukk
(Ukx

∂x
∂x−i

+ Ukx−i).
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Substituting this into the first equation, we have

∂xi

∂x−i
=

1
UxxUkk −UxkUkx

[UxkUkx−i −Uxx−i Ukk].

Appendix C: Nash and socially optimal equilibrium solutions

Nash equilibrium

Recall the equation

δ2(x̄− x∗)3 + 2[(N + 1)b + 2γ]νx∗ − 2aν = 0

Let y = x̄− x∗ and rearranging this equation, we have

y3 − [2(N + 1)b + 4γ]ν

δ2 y +
[2(N + 1)b + 4γ]νx̄− 2aν

δ2 = 0

Following the Cardano method, we let un, wn such that

un3 − wn3 = qn and unwn =
pn

3

where, pn = − [2(N+1)b+4γ]ν
δ2 and qn = [2(N+1)b+4γ]νx̄−2aν

δ2 .
Let y = wn − un. Then, we have

(wn − un)3 + 3unwn(wn − un) + (un3 − wn3) = 0 (3.32)

Since unwn = pn

3 , then wn = pn

3un and un3 − pn3

27un3 = qn. By substituting un, wn into the
equation 3.32, we have

un = (
qn

2
±

√
qn2

4
+

pn3

27
)

1
3

Because y = wn − un and wn = pn

3un , we obtain y = pn

3un − un. Thus, since x∗ = x̄ − y, we
have

x∗ = x̄− p
3un + un

k∗ =
δ(x̄− x∗)2

2ν

where, un = ( qn

2 ±
√

qn2

4 + pn3

27 )
1
3 , pn = − [2(N+1)b+4γ]ν

δ2 and qn = [2(N+1)b+4γ]νx̄−2aν
δ2 .
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Socially optimal equilibrium

Let us recall the following equation

a− 2(Nb + γ)xe − 2
δ2

ν
(x̄− xe)3 = 0

Let t = x̄− xe and rearranging this equation, we have

t3 − 2(Nb + γ)ν

δ2 t +
2(Nb + γ)νx̄− aν

δ2 = 0

Following the Cardano method, we let ue, we such that

ue3 − we3 = q and uewe =
pe

3

where, pe = − 2(Nb+γ)ν
δ2 and qe = 2(Nb+γ)νx̄−aν

δ2 .
Let t = we − ue. Then, we have

(we − ue)3 + 3uewe(we − ue) + (ue3 − we3) = 0 (3.33)

Since uewe = pe

3 , then we = pe

3ue and ue3− pe3

27ue3 = qe. By substituting ue, we into the equation
3.33, we have

ue = (
qe

2
±

√
qe2

4
+

pe3

27
)

1
3

Because t = we − ue and we = pe

3ue , we obtain t = pe

3ue − ue. Thus, since xe = x̄− t, we have

xe = x̄− pe

3ue + ue

ke =
δ(x̄− xe)2

2ν

where, ue = ( qe

2 ±
√

qe2

4 + pe3

27 )
1
3 , pe = − 2(Nb+γ)ν

δ2 and qe = 2(Nb+γ)νx̄−aν
δ2 .
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Appendix D: Other figures.
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Figure D.1: Two dimensional direction field and trajectories for extraction effort x
against network connection k with (x∗1 , k∗1), (x∗2 , k∗2) and (x∗3 , k∗3).

Appendix E: A sequential game.

Let us recall agent i’s utility function as follows:

Ui(xi, ki) = f (X)
xi

X
− γx2

i − ν[(N − 1)ki]
2 + δki(x̄− x̃Ni(g))(x̄− xi). (3.34)

In a sequential game, agents play a two stage game: a common pool game in the first
step and then update the network link in the second step (König et al., 2010). Thus, we
have to solve the game backward by firstly taking the derivative of Equation (3.34) with
respect to k for a given x. Therefore, we have

ki =
δ(x̄− x̃Ni(g))(x̄− xi)

2ν(N − 1)
. (3.35)

Substituting the result in Equation (3.35) into the utility function (3.34), we obtain

Ui(xi) = f (X)
xi

X
− γx2

i − ν

[
δ(x̄− x̃Ni(g))(x̄− xi)

2ν

]2

+
δ2

2ν
[(x̄− x̃Ni(g))(x̄− xi)]

2. (3.36)
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Taking the F.O.C of Equation (3.36) with respect to xi, we have

a− [(N + 1)b + 2γ]x∗ +
δ2

2ν
(x̄− x̃Ni(g))

2(x̄− x∗)− δ2

ν
(x̄− x̃Ni(g))

2(x̄− x∗) = 0. (3.37)

At the equilibrium, we would have

a− [(N + 1)b + 2γ]x∗ − δ2

2ν
(x̄− x∗)3 = 0. (3.38)

Thus, we obtain

a− [(N + 1)b + 2γ]x∗ − δ2

2ν
(x̄− x∗)3 = 0 and k∗ =

δ(x̄− x∗)2

2ν(N − 1)
. (3.39)

Therefore, solving these system equations, we obtain the same equilibrium solutions as in
the case of simultaneous game (see Equations (3.17) and (3.20)).
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Chapter 4

Drivers of organic farming:
Lab-in-the-field evidence on the role
of social comparison and information
nudge in networks in Vietnam1

4.1 Introduction

Conventional farming is a widely used method worldwide to produce the majority of the
food we eat. However, this type of farming technique is currently facing several issues
that may threaten its future. It is well known that pesticides and fertilizers lead to serious
health problems for consumers and farmers. For example, cancer, one of the most deadly
diseases in the world today, is directly linked to pesticide adulteration of the food we eat
(Rodgers et al., 2018; Horrigan et al., 2002). From an economic perspective, it is increas-
ingly difficult for conventional farmers to make a living because they have to purchase
expensive hybrid seeds, fertilizers and pesticides from outside sources. As a result, or-
ganic farming, a type of farming that does not rely on chemicals has been developed as
a solution to limit these negative consequences (Huang et al., 2002; Horrigan et al., 2002).
Organic farming, which uses locally available natural inputs, avoids chemicals and stays
close to nature, produces healthier foods and contributes to consumer well-being. Self-
dependency in terms of inputs can increase the profitability of farms. If farming becomes
a profitable activity, the migration of populations to cities will decrease. Organic farm-
ing can therefore provide many solutions to prevent the destruction of the environment,

1This chapter is based on Boun My K., Nguyen-Van P., Pham TKC., Stenger A., Tiet T. and To-The N. (2020),
Drivers of organic farming: Lab-in-the-field evidence on the role of social comparison and information nudge
in networks in Vietnam, BETA working paper. Submitted.
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pollution and social imbalances (Liu et al., 2016; Cui et al., 2018). However, organic farm-
ing is slow to be adopted today and it may take decades to reach widespread adoption,
especially in many developing countries.

In recent years, we have observed a relative increase in the adoption of organic farm-
ing in several developed countries due to the heightened awareness of health problems
caused by the consumption of contaminated foods and the negative effects of environ-
mental degradation, and, in particular, because of the support from governments and in-
ternational organizations like the European Union and International Federation of Organic
Agriculture Movements (IFOAM)2 (Reisch et al., 2013). However, in many developing
countries, conventional farming is still widely accepted since it helps to provide sufficient
food for the population and to generate a surplus for exports, even though this practice
is becoming increasingly unsustainable, as revealed by declining crop productivity, envi-
ronmental degradation, chemical contamination, etc. In certain developing countries like
Vietnam, the situation is even worse: farmers use pesticides overtly and without restraint.

According to the report of the Vietnamese Ministry of Agriculture and Rural Devel-
opment (MARD) (August, 2018), Vietnam imported 79 million USD worth of pesticides
and raw materials (about 1,800 billion VND), raising the import value of pesticides and
raw materials in the first eight months of 2017 to over 660 million USD (over 15,000 billion
VND), an increase of almost 47% over the same period in 2016. Statistics show that Viet-
nam is importing more and more pesticides and raw materials. The import of pesticides
and plant protection chemicals has continuously increased over the last few decades due
to the expansion of cultivated areas and the intensive cultivation of many crops. How-
ever, excessive use of chemicals in agriculture has caused severe consequences for both
the soil and the water, as well as for the quality of agricultural products (Savci, 2012). It is
therefore essential to encourage farmers to limit the use of pesticides and to move toward
a more sustainable agriculture.

Several studies have shown that the low rate of adoption of organic agriculture is due
in part to the lack of information on the part of farmers about the risks of chemical prod-
ucts, as well as to the lack of methods and benefits (Conley and Udry, 2010; Vandercas-
teelen et al., 2020). Nevertheless, other research has shown that even if farmers personally
know that applying more chemicals to their plants is harmful, they are still willing to use
pesticides over time to ensure a high level of productivity (Aktar et al., 2009). Government
and social media have provided information about the negative effects of chemical inputs,
environmental degradation and contaminated food, not only to farmers but to consumers

2IFOAM was founded in France in 1972. It has 600 member organizations spread over some 120 coun-
tries. IFOAM is involved in a wide range of activities related to organic farming such as the exchange of
information, knowledge and reflections among its members.
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as well, but, unfortunately, these interventions have not yet had a significant impact on
farmers’ decisions (FAO, 2017).

This paper aims to examine the factors that influence farmers’ decisions in relation to
organic farming, focusing on the role of their social network and information nudge, as
well as on the role of social comparison between farmers. The first objective of our exper-
iment is to examine whether the social connections among farmers could lead to connec-
tions in their behaviors. There is a growing literature on both theoretical and empirical
studies that focuses on the impact of networks on individuals’ behaviors (Ferguson, 2007;
Hogset and Barrett, 2010; Santos and Pacheco, 2011). According to the theory of social and
economic networks, individuals link together in a network such as a network of friend-
ship or neighborhood in which they can interact and exchange information with others
(Granovetter, 1983; Golub and Jackson, 2010). In agriculture, farmers are often linked to
farmers’ networks such as neighborhood farmers, friends or agriculture organizations in
which they can share information, ideas and reflections on new farming methods. Conse-
quently, social networks could be an effective way to diffuse information related to organic
farming (Fafchamps et al., 2020).

Second, we introduce social comparison treatment into the experiment to test how
social comparison (i.e., information about the average group investment in organic farm-
ing) would impact individual farmers’ investment decisions. Some studies have indicated
that social concern (e.g., revealing an environmental commitment to the others in the net-
work) can be used as a factor to influence farmers’ decisions to adopt organic farming
(Dessart et al., 2019; Mzoughi, 2011). In our study, we consider an intra-group compar-
ison in which each farmer observes his or her group’s average level of investment. It
is assumed that when farmers receive information about the average investment of their
groups, a social comparison exists such that an investment that is lower than the average
would have a negative impact on farmers’ outcomes; inversely, a positive impact is the
result of an investment that is higher than the average.

We finally introduce information nudge treatment into the experiment. The idea of
using information nudges to shape individual behavior has been aggressively studied in
the literature (Hotard et al., 2019; Brandon et al., 2019; Sudarshan, 2017). In our study,
we theoretically observe that all farmers would be better off at social optimum, but this
optimum is difficult to achieve because every farmer has the incentive to deviate and free-
ride on other investments. We thus provide the information nudge about the socially
optimal investment of each farmer and the optimal investment of his/her direct neighbor
to the other farmers to determine whether or not it would help to encourage farmers to
adopt a positive attitude toward organic agriculture.

We tested these ideas via a contextualized lab-in-the-field experiment in 2019 with 220
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farmers in eight different villages in four different provinces in Northern Vietnam. The
context was established on the basis of the definition of organic farming and the fact that
we only had farmers not involved in organic farming in our sample. Our experiment was
conducted with farmers involved in four different types of networks: circle, star, com-
plete, and not in connection (i.e., empty network). Farmers had to indicate how much
they would invest in organic farming in different experimental scenarios (see the 11 sce-
narios in Figure 4.2). Our main results can be summarized as follows: first, we show that
interconnection among farmers affects their decisions in the way that it helps to encour-
age the investment in organic agriculture. In particular, this impact varies according to the
network structure: farmers have a higher incentive to invest in organic farming in a net-
work with more connections than in a network with less connections. Second, the effect of
social comparison on the farmer’s organic investment also depends on the network struc-
ture: we only observe the positive and significant effect of the social comparison treatment
in a circle network. Our results suggest that the social comparison treatment performs
better in a decentralized network with fewer connections (e.g., a circle network) than the
centralized one (e.g., a star network). Finally, our analyses show that social comparison
concerns combined with information nudge seem to be a good way to encourage farmers
to move toward a more environmentally-friendly agriculture since the information nudge
treatment has a positive and significant effect on the organic investment in all network
structures.

The remainder of this study is organized as follows. In Section 2, we discuss the the-
oretical framework and present theoretical predictions. Section 3 describes the lab-in-the-
field experiment, including treatment, experimental procedure, the sample, and additional
experimental questionnaires. Results are presented in Sections 4 and 5. Section 6 is de-
voted to a discussion and conclusion.

4.2 A network game

4.2.1 Model

Let us consider that there are N agents; a typical agent is denoted by i. Let D be an N× N
adjacency matrix; its element dij represents the relationship between i and j. Each agent
i has a set of neighbors, denoted Ni(d) (i.e., network of i). In the network of i, dij = 1
if j ∈ Ni(d) and dij = 0 if j /∈ Ni(d). We also assume that the network is undirected,
which requires that dij = dji. Thus, a set of neighbors such that i is linked to is referred to
neighbors of i: Ni(d) = {j \ i : dij = 1} or Ni(d) = {j|ij ∈ g}.

Each agent will face a decision problem of how to optimally allocate his or her in-
vestment in conventional and organic farming. Let ci and xi be the agent i’s investment
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in conventional and organic agriculture, respectively. We assume that the investment is
the percentage of lands that an agent can allocate to either conventional or organic agri-
culture. Thus, each agent’s amount of investment is bounded: ci ∈ [0, 1] and xi ∈ [0, 1].
Since the total investment for each agent is xi + ci = 1, we can rewrite the investment for
conventional farming ci with a given xi as ci = 1− xi.

Let us consider the case that an agent i invests both in conventional farming (ci) and
organic farming (xi) so that his/her total gross revenue is the sum of both revenues: f (ci)+

f (xi). For the sake of simplicity, we can assume that f (ci) = β f (xi) where f (.) is an
increasing and concave function, f

′
> 0, f

′′
< 0 and f (0) = 0. We can also assume that the

gross revenue in organic farming is higher than the gross revenue in conventional farming,
so that β ∈ (0, 1). However, to obtain a higher gross revenue in organic farming, farmers
have to pay an extra amount γxi. By substituting ci with 1− xi, we can write the agent i’s
total payoff function as follows:

πi(xi) = β f (1− xi) + f (xi)− γxi

Social network

In the next step, we extend our model by taking the role of the social network into ac-
count. In particular, we consider that social connections exist among farmers and that
each farmer cares about the actions of his/her direct neighbors (i.e., peer effect). We as-
sume that the peer effect is positive such that δ ∑N

j dijxjxi where δ > 0. This captures the
fact that an organic farmer i would benefit from the total organic investment of his or her
direct neighbors ∑N

j dijxj. Parameter δ, which represents the magnitude of this effect, is
assumed to be positive and homogeneous across agents. We can, for instance, imagine
that an organic farmer who has good market information might inform his organic peers
about when and where to market their crops to receive high profit. The benefits would
not only come from the market information but also from experience and greater labor-
sharing opportunities in their networks (e.g., farmers in a network can help each other to
cultivate organic products) (Munasib et al., 2011). The peer effect can also be interpreted
as the descriptive norm in that farmers who adopt sustainable agriculture may motivate
their neighborhood farmers to adopt it as well because most individuals are “conditionally
cooperative”, i.e., people contribute to public goods only if others do so as well (Dessart
et al., 2019).
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Social comparison

In our model, we also take the social comparison mechanism in which an organic farmer
receives information about the average level of organic investment in the network into
account (from both direct and indirect neighbors). We assume that farmer i, who invests
more in organic farming than the average of his or her group, would earn an amount
η(xi − 1

N ∑N
j xj) where η > 0, otherwise he or she would lose an amount η( 1

N ∑N
j xj − xi).

From a social perspective, the social comparison could be interpreted as the social factors
such as social signaling or social norm, that affect farmers’ behaviors. Regarding social
signaling, improving public image and status help motivate farmers to adopt more sus-
tainable practices such as organic and integrated farming (Dessart et al., 2019; White et al.,
2019). The group’s average investment could be seen as a norm or an expected amount
of investment. Those who invest more than this level would benefit from social signaling.
On the contrary, farmers who invest less than the expected amount of investment would
suffer from public punishment (e.g., public shaming).

Considering social network and social comparison concerns, the payoff for agent i is
as follows:

πi(xi) = β f (1− xi) + f (xi)− γxi + δ
N

∑
j

dijxjxi + η(xi −
1
N

N

∑
j

xj) (4.1)

where, f (x) = ax− bx2, a, b > 0, a > 2bx and δ, η > 0.

If each agent chooses xi by maximizing his or her payoff, from the first order condition
(F.O.C), we then have the Nash equilibrium x∗ such that

x∗i =
(1− β)a + 2βb− γ + η

2(1 + β)b
+ δ

∑n
j=1 dij

2(1 + β)b
x∗j

It should be noted that the game is strategy complementary ∂x∗i
∂x∗j

= δ
∑n

j=1 dij

2(1+β)b > 0 for δ > 0.

Let x∗ = (x∗1 , x∗2 , ...x∗n). In the matrix formula, we have

x∗ =
α

2(1 + β)b
´ +

δ

2(1 + β)b
Dx∗

where, α = (1− β)a + 2βb− γ + η and ´ is the n× 1 column matrix of one.
Let Φ = δ

2(1+β)b D. If the Φ is invertible, we then have the equilibrium that is equal to:

x∗ =
α

2(1 + β)b
(I −Φ)−1´. (4.2)
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Thanks to this closed form solution, we can calculate the equilibrium of each agent
based on the information of the given network structure Φ. In other words, the equilib-
rium solution varies across different networks, the different positions of the agents inside
the network and the number of direct links. Note that the condition of the convertibility of
matrix (I −Φ) can be achieved if the determinant of (I −Φ) is non-singular. This condi-
tion always holds for the circle and complete network because these networks are regular
graphs, and according to Hall’s theorem, every d-regular graph is invertible (West et al.,
2001; Aharoni and Haxell, 2000). Moreover, we can also prove that the determinants of
(I −Φ) for all three network structures (circle, star and complete) are non-zero.3

Consider that there is a utilitarian social planner who maximizes the total individual
payoffs (considered as social welfare). His or her maximization problem is as follows:

max
x

W(g, d) = max
x1,x2,...,xN

N

∑
i=1

πi(xi, d)

= max
x1,x2,...,xN

N

∑
i=1
{β(a− b) + [(1 + β)a + 2βb− γ]xi

+ δ
N

∑
j=1

dijxixj − (1 + β)bx2
i + η(xi −

1
N

N

∑
j

xj)}

Consequently, according to the F.O.C, the socially optimal investment in organic farming
is equal to

x̂ =
α̂

2(1 + β)b
(I − 2Φ)−1´ (4.3)

where, α̂ = (1− β)a + 2βb− γ + η N−1
N .

We can observe that for a sufficiently large value of N, α̂ → α. Thus, the socially
optimal investment x̂ is then higher than the investment at the Nash equilibrium x∗, x̂ >

x∗. Since we have Φ = δ
2(1+β)b D, a higher value of δ leads to a larger difference between x̂

and x∗. Therefore, in the experiment, we need to impose a sufficiently high value of δ in
order to clearly observe the difference between farmers’ decisions at the social optimum
and at the Nash equilibrium. Note that a higher value of δ also means a stronger impact
of the peer effect on individual behavior. A numerical illustration of our theoretical model
is discussed in Appendix A.

3In particular, det(I −Φ) = 0.9389 for the circle network, det(I −Φ) = 0.9506 for the star network and
det(I −Φ) = 0.8467 for the complete network with parameter assumptions in the Appendix (see Table A.1).
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4.2.2 Theoretical predictions

According to Equation (4.2), the equilibrium of organic investment depends on two terms:
the fraction α

2(1+β)b and the network structure Φ = δ
2(1+β)b D. This suggests that the inter-

connections among farmers (adjacent matrix D) would have a positive impact on farmers’
organic investment decisions since δ > 0, which means that an agent who is connected to
more organic neighbors (i.e., a neighbor who invests in organic farming) is more likely to
invest in organic farming. In addition, the farmers’ organic investment would also vary
across different types of network structures, which are represented by the matrix D. We
therefore establish our first prediction as follows:

Prediction 1 (role of networks): Interconnection among agents via their social net-
works positively impacts their investment in organic farming. This impact varies across
three different types of networks: star, circle, and complete.

In the experiment, we test our results with three different types of networks: a star,
circle and complete network (see Figure 4.1). The complete network is a decentralized net-
work, which is the simplest situation in real life, where farmers care about the behaviors of
all other farmers in their groups/communities. The circle network is also a decentralized
one but with fewer connections, in which each farmer cares only about his/her two clos-
est neighbors (i.e., two most important neighbors/friends). Concerning the star network,
it is a centralized network in which farmers care about the most important farmer in the
network, the central farmer (i.e., the center). According to the theoretical model, we ex-
pect that network connections would have a positive impact on individual behavior and
that the strongest impact on farmers’ organic investments would come from the complete
network since it is the most connected network in this study.

(a) Circle (b) Star (c) Complete

Figure 4.1: The three different network structures for N = 5.

Remark that the effect of social comparison on the equilibrium is captured by the
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parameter η. A higher value of η results in a higher equilibrium level of investment x∗

(see Equation 4.2). Thus, we would expect that social comparison has a positive impact
on farmers’ organic investments. Since the effect of social comparison is independent of
the network structure at the equilibrium (Equation (4.2)), we would expect no significant
difference in the effect of social comparison on individual behavior across networks. Our
second prediction is as follows:

Prediction 2 (role of social comparison): Social comparison has a positive impact on
farmers’ investments in organic farming. This impact is independent of network structure.

We observe that when optimal investment is higher than its equilibrium level, i.e.
x̂ > x∗, then the farmers’ payoffs at the social optimum are also higher than their payoffs at
the Nash equilibrium. This means that all farmers would be better off if they coordinated
at the social optimum. However, this Pareto optimum will not be easily achieved because
farmers have incentives to deviate from the social optimum and earn higher payoffs if they
know that others are coordinating at the social optimum (see Table A.1 in Appendix A for
a numerical illustration). Thus, it is necessary to verify whether introducing the nudge in-
formation would increase the coordination among farmers. In our experiment, the nudge
information (i.e., information about the socially optimal investment) is introduced in the
case where farmers receive the social comparison treatment since we want to compare the
effectiveness of social comparison and the combination effect (with both social comparison
and information nudge) in promoting organic agriculture. This leads us to the following
prediction:

Prediction 3 (role of social comparison combined with information nudge): Com-
bining social comparison and information nudge has a positive impact on farmer’s organic
investments. This impact varies across different network structures: star, circle and com-
plete.

4.3 The lab-in-the-field experiment

4.3.1 Treatments

There are two treatments in our experiment: social comparison (Sc) and the combination
of social comparison and nudge (ScNd). The control is the no treatment, i.e., neither social
comparison nor the combination of social comparison and nudge. We test these two treat-
ments and the control in four different types of network structures (empty network, circle,
star and complete network).
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Figure 4.2: Two treatments and control in four different types of networks (11 scenarios).

The control is the no treatment where subjects were invited to participate in a land
management game without social comparison and nudge but, even then, a network ef-
fect exists that influenced the subjects’ payoffs depending on the network structure (star,
circle or complete network). We tested a total of 11 different scenarios in the experiment
(see Figure 4.2). These 11 scenarios were tested during 22 different experimental sessions,
which means that each scenario was tested twice and only one scenario was tested in each
session. In the treatment “social comparison" (Sc), information about the average group
investment was given. Hypothetically, subjects’ payoffs are negatively (or positively) af-
fected by the average group investment if their organic investments are lower (or higher)
than the average. In the treatment “social comparison and nudge" (ScNd), subjects re-
ceive both information about the average group investment and the information nudge,
where the nudge for subjects is provided through information about the socially optimal
investment for them and for their direct neighbors.

4.3.2 Experimental procedure

The experiment was initially run with a pilot in June 2019, followed by the field exper-
iment in August 2019. The pilot was run with two groups of farmers (five subjects per
group). In the pilot, farmers were assigned to a complete network and the “ScNd" treat-
ment. The objective of the pilot was to test some outcomes of the theoretical predictions,
our parameter assumptions, as well as the experimental instructions. The experiment was
conducted using an IPad for each participant.4

The experiment consisted of four parts. The first part, identical for all sessions, aimed
at capturing the subjects’ sensitivity to risk. The second part, also identical for all sessions,
concerned the case of the empty network (B), no social comparison and no nudge (N)
(i.e., no treatment) (see Figure 4.2). The third part of the experiment differed from one
scenario to another (see Figure 4.2). In the last part of the experiment, qualitative and
quantitative information was collected from the subjects using survey questions. This part
was identical for all sessions. More details will be discussed in Section 3.4.

4There were ten assistants during the experiment to help farmers use the IPad and to understand the
experimental instructions.
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At the beginning of the experiment, subjects were invited to read the experimental
instructions and the experimenters explained the different parts as well as the monetary
incentives. The experimenters and assistants helped the subjects to understand the in-
structions after they read them. They then had to answer a quiz to test their understanding
of the instructions. All instructions are available in the Supplementary Materials.

In the first part of the experiment, we ran a lottery-choice task to capture the subjects’
sensitivity to risk. Each farmer was given 50,000 VND (Vietnam Dong)5 to invest in a
lottery. Subjects made their decisions on the IPad screen (see an example in Figure 4.7 in
Appendix B). At the end of the experiment, subjects were invited to individually make
a draw (by tossing a coin), and the lottery winner was the one who had chosen heads.
Subjects were told at the beginning of the first part that lottery winners would receive a
triple amount of their investment; otherwise, they would lose the investment and keep
the amount that was not invested. The amount of money not invested is used as a relative
indicator of risk aversion.

In the second part, subjects were invited to participate in a simple organic investment
game. In particular, each farmer was given a similar amount of agricultural land (denoted
L). They were invited to allot a proportion of their land to organic farming (denoted as
X and ranging from 0% to 100%), and the rest of the land that was not allotted to organic
farming was devoted to conventional farming (L − X). For each unit of X, the farmer’s
payoff was calculated using Equation (4.1) and the parameter assumptions in Table A.1.
Note that farmers earned 500 VND for each unit of payoff. Thus, individual payoffs (in
terms of VND) are given by the following function:

π = 40, 000 + 75, 000X− 90, 000X2

In this part, there was no peer influence, no social comparison and no information nudge.
Depending on their level of investment (X), farmers could receive a payoff ranging from
40,0006 (for X = 0) to 55,6257 (for the Nash or optimal investment X = 41.67%). Sub-
jects did not receive any information about the optimal decision and payoff nor about the
payoff range. Subjects were told that their outcomes depended only on their personal de-
cisions. The experiment was repeated over five periods and subjects could observe their
payoffs in each round (for an example, see Figure 4.8 in the Appendix).

The third part of the experiment concerns one of the 11 scenarios mentioned in Fig-
ure 4.2. There was a total of 22 experimental sessions since each scenario was tested twice

5equivalent to almost 2 USD.
6equivalent to 1.7 USD.
7equivalent to 2.4 USD.
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in two different villages. In each session, there were two groups of subjects (five subjects
per group) and all of them were assigned to the same scenario.

In the presence of a network, experimenters informed subjects that organic farmers
would benefit from their direct peers organic investment and that the benefit gains de-
pended on the network structure (star: “St", circle: “Cr" and complete: “Cp"). For ex-
ample, in the star network, the payoff function of farmer 2 (see the network structure in
Figure 4.1) is written as follows:

π2 = 40, 000 + 75, 000X2 − 90, 000X2
2 + 20, 000X2X1, (4.4)

where, X1 is the investment in organic farming of farmer 1. Farmer 1, central farmer in the
star network, is farmer 2’s direct neighbor.

For the treatment "Social comparison" (Sc), each subject received the information about
the average investment of their group. As previously mentioned, we assumed that for an
investment lower than the average, there is a negative impact of social comparison on the
outcome, and for an investment higher than the average, the effect of social comparison on
the outcome is positive. For farmer 2 concerned by social comparison in the star network,
his or her previous payoff function (Equation (4.4)) becomes:

π2 =40, 000 + 75, 000X2 − 90, 000X2
2 + 20, 000X2X1 (4.5)

+ 10, 000(X2 − (X2 + X1 + X3 + X4 + X5)/5).

If we consider the circle network, π2 is written as follows:

π2 =40, 000 + 75, 000X2 − 90, 000X2
2 + 20, 000X2(X1 + X3) (4.6)

+ 10, 000(X2 − (X2 + X1 + X3 + X4 + X5)/5),

where, X1 and X3 are the investment in organic farming of farmers 1 and 3 (farmer 2’s
direct neighbors in the circle network).

For the treatment “social comparison and information nudge" (ScNd), subjects re-
ceived their peers’ benefits depending on the network structure, as well as the information
about the average group investment. The presence of an additional information nudge
means that nudged farmers receive information about themselves and their direct neigh-
bors’ socially optimal level of investment. Each farmer then decides to follow or not this
information given that if everyone follows this suggestion, every farmer in the group will
receive the highest payoff. Similar to the second part, each participant can make a simu-
lation of their decision and see their expected payoff (for an example, see Figure 4.9 in the
Appendix).
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Note that in the second and third part of the experiment, we chose a repeated game
design in which subjects make repeated decisions in a single treatment, with earning feed-
back provided between rounds. The game was repeated five times for the second part and
ten times for the third part. After each round, depending on the different network struc-
tures, subjects who were assigned to a particular network structure received the feedback
of their direct neighbors’ decisions. For instance, subjects in the circle network can ob-
serve the investment decision of their two direct neighbors, while those in the complete
network have four direct neighbors and consequently receive the feedback of four other
farmers’ decisions. In the presence of treatments, subjects who were assigned to the “Sc"
and “ScNd" treatments received the information about the average group’s investment af-
ter each round. Subjects who were assigned to the “ScNd" treatment received additional
information about the socially optimal investment of all members in their group at the
beginning of each round. Primary experimental instructions are described in Appendix B.

4.3.3 Additional experimental questionnaires

In addition to the primary experiments, we collected information from participants on a
variety of socio-demographic characteristics. In particular, we collected information on
age, gender, farm size, household size, type of residence, individual and household in-
come, health, highest level of education, marital status, number of children in the house-
hold, and individual attitudes toward risks, etc.

We also elicited information on a number of questions related to environmental con-
cerns via 15 New Ecological Paradigm (NEP) questions to help us to identify the individ-
ual perceptions toward the environment (details of the NEP questions in Table C.3 in the
Appendix) (Dunlap et al., 2000). The total NEP score is the aggregate score of these NEP
questions, in which Cronbach’s alpha is equal to 65.45%8 and questions number 2, 4, 6, 8,
10, 12, 14 (even number questions) are reversely coded (Cronbach, 1951). There were also
several other questions related to environmental concerns in order to capture participants’
opinions and concerns toward the environment. All questionnaires are available in the
Supplementary Materials.

4.3.4 Sample

In total, 220 farmers took part in the lab-in-the-field experiment. The 22 experimental ses-
sions were divided equally across geographic locations, with ten farmers (five farmers per
group) in each experimental session. The participants were all farmers living in rural ar-
eas, aged from 16 to 78 years, across eight villages of four different provinces (Vinh Phuc,

8Cronbach’s alpha is equal to 65.45% in the reliability test, which suggests that 65.45% of the variance in
the score is reliable.
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Hung Yen, Hai Duong, Ha Noi) in Northern Vietnam (see Figure 5.3 in the Appendix for
the area of the experiment). These provinces around Hanoi were chosen because they pro-
duced most of the agricultural products (vegetables, rice and fruits) for Northern Vietnam.
The experiments were conducted in the village where the participants lived.

Farmers were 52-years-old on average. A total of 67% were women and 39.1% of them
were heads of households. They produced mainly vegetables (74.5%) and rice (52.7%).
Only 33.2% and 27.7% of the farmers produced fruits and corn, respectively.9 Most of the
farmers in our sample was small household farmers with an average farm size of 2466 m2.
In the next two sections, we will present the descriptive statistics and analyze the average
as well as the individual decisions for the 11 scenarios mentioned above.

4.4 An analysis of average investment decisions

In this session, we undertook an analysis of the average investment per network and per
treatment. It should be recalled that the decision variable is the proportion of land invest-
ment in organic farming, ranging from 0% to 100%. The rest, which is not invested, is
devoted to conventional farming. The distribution of the percentage of land invested in
organic farming per network and per treatment is shown in Table C.1 (in the Appendix)
and in Figure 4.3.

We examine the differences across treatments and networks using the non-parametric
test. The Wilcoxon Rank Sum test (or Mann-Whiney U test) was used to compare the
choice of participants in two treatments and no treatment across four different networks
(Mann and Whitney, 1947). The non-parametric test is presented in Tables 4.1 and 4.2.

Figure 4.3: Histogram of mean investment per network and per treatment.10

9Note that the sum of these percentages is greater than 100% since each farmer may produce more than
one crop.
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Role of networks

In the situation of no treatment, which means that there is no social comparison or infor-
mation nudge treatment, we observe that farmers invest more in organic farming in the
presence of more network connections: on average, 64.1% of the land is invested in organic
farming in the complete network in which each farmer is connected to all of the others,
while only about 57% of the land is invested in the circle and star network in which there
are less connections between farmers (Figure 4.3 and Table C.1 in the Appendix). This
result is confirmed by the Wilcoxon Rank Sum test (Table 4.1). In particular, farmers in
the complete network invested an average of 7% more in organic farming compared to the
circle and star networks.

However, surprisingly, there is no significant difference in organic investment be-
tween the circle and the star network (second column of Table 4.1). If we break down
the farmers in the star network into two groups - farmers in the center and the corner of
the star - we then observe that farmers in the center seem to invest more than the corner
ones in organic farming, according to the Wilcoxon test statistic reported in Table C.2 (in
the Appendix). The results indicate that farmers in the center invested an average of 10%
and 13% more in organic farming compared to the circle and farmers in the corner, respec-
tively. However, there is only one central farmer in the star network. This leads to the
fact that the corners have only one direct neighbor (i.e., the network connection is weak)
and thus a weaker network (i.e., with fewer connections) results in a lower level of organic
investment.

Therefore, in the case without any treatment, we could observe a positive impact of
the network on farmers’ investment decisions in organic farming. This suggests that farm-
ers seem to be influenced by their direct neighborhood farmers’ decisions, and the greater
number of direct links/connections means a higher level of organic investment. Prediction
1 is therefore validated.

Table 4.1: Difference-in-mean across the different network structures (Wilcoxon Rank
Sum test).

No treatment SC SC & Nudge

Circle Star Complete Circle Star Complete Circle Star Complete

Empty network - - - -0.16∗∗∗ -0.03∗∗ -0.15∗∗∗ -0.13∗∗∗ -0.11∗∗∗ -0.25∗∗∗

(0.000) (0.026) (0.000) (0.000) (0.000) (0.000)
Circle - 0.00 -0.07∗∗∗ - 0.13∗∗∗ 0.01 - 0.02 -0.12∗∗∗

(0.858) (0.000) (0.000) (0.778) (0.179) (0.000)
Star - - -0.07∗∗∗ - - -0.12∗∗∗ - - -0.14∗∗∗

(0.000) (0.000) (0.000)

Notes: The table reports the difference-in-mean and the p-value of the Wilcoxon Rank Sum test in parentheses. SC stands for the
social comparison.
∗∗ p < 0.05; ∗∗∗ p < 0.01.

10Sc stands for “social comparison" treatment. ScNd stands for “social comparison and information nudge"
treatment.
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Role of social comparison

In the presence of social comparison where farmers received information about their av-
erage group investment after each round, the circle and complete networks result in a
sufficiently high level of organic investment (about 68% for the circle network and 67% for
the complete network compared to 57% and 64% in the case without social comparison)
(Figure 4.3). Figure 4.5 suggests that the social comparison treatment works effectively
in the circle and complete networks (decentralized network) but that it is less effective in
the star network (centralized network). Farmers in the star network invest just a little in
organic agriculture (only 55.1% on average). Our theoretical prediction indicated that the
effect of social comparison on farmers’ decisions does not depend on the network struc-
ture. However, we observe that this is not the case in the experiment, even when every
farmer in the same network received the same information about his or her group’s av-
erage investment. One interpretation could be that in the experiment, in addition to the
information about the average group investment, farmers who were assigned to the “Sc"
treatment received different types of feedback about their direct neighborhood investment
depending on the network structure. For instance, farmers in the complete network could
observe all of the others’ decisions, while those in the circle network could only observe
the decisions of two direct neighbors. Thus, the social comparison treatment could play
an important role in a network with fewer connections.

Table 4.2: Difference-in-mean (Wilcoxon Rank Sum test).

No network Circle Star Complete

SC SC & Nudge SC SC & Nudge SC SC & Nudge SC SC & Nudge

No policy - - -0.11∗∗∗ -0.07∗∗∗ 0.02 -0.05∗∗∗ -0.03 -0.11∗∗∗

(0.000) (0.000) (0.156) (0.000) (0.105) (0.000)
SC - 0.01∗∗ - 0.04∗∗ - -0.07∗∗∗ - -0.08∗∗∗

(0.013) (0.043) (0.000) (0.000)

Notes: The table reports difference-in-mean and the p-value of the Wilcoxon Rank Sum test in parentheses. SC stands for the
social comparison.
∗∗ p < 0.05; ∗∗∗ p < 0.01.

In a star network, after each round, both farmers in the center and corner received
information about the average organic investment of their group (i.e., the same informa-
tion). The difference is that the center had information about the decisions of all the other
farmers in the network, while the corners observe only the center’s decision. Figure 4.5 (in
the Appendix) suggests that because of the asymmetric information, both the centers and
corners followed the average group investment. During the last period, the decisions of
the corners seemed to converge to the Nash equilibrium (about 55% at the Nash equilib-
rium), while the centers followed the average group decision instead of choosing the Nash
equilibrium strategy, i.e. about 71% of land invested in organic farming (Table A.1 in the
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Appendix). This also suggests that the center seems to be more influenced by the average
group decision than what was expected from the theoretical prediction.

We can therefore observe that the social comparison treatment works more effectively
in a decentralized network with fewer connections (like a circle network) but performs
worse in a centralized network (like a star). Therefore, Prediction 2 is only partially vali-
dated.

Role of social comparison combined with information nudge

In the case of an empty network, according to the results in Table 4.2, the value 0.01 in
the second column suggests that the farmers in the “Sc" treatment invest 1% more in
organic farming than the ones in the “ScNd" treatment. This difference is statistically
significant at the 5% level, which is suggested by the Wilcoxon Rank Sum test with the
p− value = 0.013. This means that in the case of an empty network, the additional infor-
mation nudge, which is about the socially optimal investment in organic farming, results
in a small reduction in investment compared to the social comparison. This observation is
in line with our theoretical result that the social optimum (46.11%) is lower than the Nash
equilibrium (47.22%) (see Table A.2 in the Appendix).

While the “Sc" treatment performs more efficiently only in the decentralized network
(like a circle network), the nudge implementation performs well in encouraging farmers’
coordination in all three networks (circle, star and complete network), especially in the
complete network with an increase in organic investment up to 76% (see Figure 4.3). This
is because farmers are more likely to coordinate with the nudge information in a more
strongly connected network (like a complete network) than a weaker connected network
(like a circle network). One interpretation could be that in a complete network, each farmer
receives nudge information and observes the decisions of all the others (because they are
all connected to each other), while in a circle network, each farmer receives nudge informa-
tion about the optimal decision of two other farmers (who are the two direct neighbors)
and also observes only the decisions of these two farmers. Thus, farmers in a complete
network are more likely to cooperate with the nudge information when their action is
observed by all other farmers in the network (Brick et al., 2017). Consequently, these ob-
servations confirm Prediction 3.

4.5 Analysis of individual decisions

In this section, we analyze the impact of different treatments on the individual decisions,
xi. We adopt the fractional regression model to deal with dependent variable, which is
defined on the closed interval xi ∈ [0, 1] (Papke and Wooldridge, 1996; Ramalho et al.,
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2011). Figure 4.4 presents the distribution of individual investment decisions across dif-
ferent network structures.

The fractional model with the dependent variable xi as a fraction bounded between
zero and one, i.e., xi ∈ [0, 1], has the following structure:

E(xi|Zi) = H(Ziβ), (4.7)

where Zi represents a set of regressors including explanatory variables (Expi), socio-economic
control variables (Socioi) and psychological control variables (Psyi). For the logistic link-
function H(.) satisfying 0 < H(.) = exp(.)

1+exp(.) < 1 (Wooldridge, 2009), the fractional logistic
model can be written as follows :

E(xi|Zi) =
eZi β

1 + eZi β
. (4.8)

The proposed estimator for β is the Quasi Maximum Likelihood Estimator (QMLE), which
maximizes the following Bernoulli log-likelihood function (McCullagh, 1989):

li(β) = xilog[H(Z
′
i β)] + (1− xi)log[1− H(Z

′
i β)]. (4.9)

Since there is the non-linear estimation of the conditional mean, the fractional logit
model perform well if there are not many observations at the boundary levels; other-
wise, two-part models are often a better solution (Ramalho et al., 2011). We observe that
the majority of individual investments fall inside the interval (0, 1) and only some small
proportion of organic investment is left censored at 0% and right censored at 100% (see
Figure 4.4). Additionally, the estimation results with the Tobit regression model are also
reported in Table C.5 (in the Appendix).

4.5.1 Descriptive statistics

The dependent variable is the individual decision, or the percentage of individual organic
investment ranging from 0 (0%) to 1 (100%). In the fractional logit model, we specify the
set of regressors as Zi = (Expi, Socioi, Psyi). The descriptive statistics of our variables are
reported in Table 4.3.
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Table 4.3: Descriptive statistics.

Mean Std.Dev Min Max
Dependent variables

Individual decision 0.57 0.19 0 1
Explanatory variables

Neighbor (t-1) 0.45 0.63 -2.30 1.38
Sc 0.30 0.46 0 1
ScNd 0.24 0.43 0 1
Center 0.04 0.19 0 1

Control variables
Period 5.5 2.87 1 10
Female 0.67 0.47 0 1
Age (in log) 3.94 0.21 2.77 4.36
Age (in years) 52.40 9.92 16 78
Education
High school 0.30 0.46 0 1
College/university 0.11 0.31 0 1
Health
Good 0.40 0.49 0 1
Very good 0.22 0.41 0 1
Individual income
Medium 0.33 0.47 0 1
High 0.04 0.20 0 1
Farm size (in log) 7.45 0.81 4.99 10.0
Farm size (in m2) 2466.17 2903.83 147 23,040
Communist 0.18 0.38 0 1
Farmer association 0.88 0.32 0 1
Cooperative 0.68 0.47 0 1
NEP 46.87 4.45 36 63
Risk investment (in log) 10.1 0.82 0 10.8
Organic approval
Unsure 0.30 0.46 0 1
Agree 0.11 0.31 0 1

The explanatory variables Expi include: Neighbor(t− 1), the log of total direct neigh-
borhood investment in the previous period; Sc, the social comparison treatment; ScNd,
the combination of social comparison and information nudge treatment; and Period, intro-
duced to capture the time trend (or learning effect).

The socio-economic control variables Socioi include: Female, a dummy that takes a
value of 1 if the farmer is female; Age, the log of individual age; Health, a category variable
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that takes the value of 1, 2 or 3 if the individual has bad health, good health or very good
health, respectively; Education, category variable that takes the value of 1, 2 or 3 if the
individual level of education is below secondary school (grade 6 to grade 9), or below
vocational school (1 to 2 years after high school), or college and university; Income, a
category variable that takes a value 1 if the individual is in the low income group (monthly
earnings < 4 million VND), a value of 2 if the individual is in the middle income group
(monthly earnings from 4 to 8 million VND) and a value of 3 if the individual is in the
high income group (monthly earnings > 8 million VND); Farmsize, the log of household
farmer’s farming land (in m2); and Communist, Farmer association and Cooperative, three
dummy variables that take the value of 1 if the individual is a member of the communist
party, a farmer’s association or a farmer’s cooperative, respectively.

The psychological control variables Psyi include: NEP, the aggregate score of indi-
vidual 15 New Environmental Paradigm questions (Table C.3 in the Appendix); Risk in-
vestment, the log of individual investment in the lottery choice task (in the first part of
the experiment); and Organic approval, a category variable that takes the value of 1, 2 or 3
if the individual disagrees/is unsure/agrees, respectively, when the adoption of organic
farming is approved by most of the other villagers.

4.5.2 Results

Role of networks

The results in Table 4.4 suggest that in the case of no treatment, Complete ∗ NoTreat has
a positive and significant impact on individual decisions compared to the circle network
(i.e., Circle ∗ NoTreat is a base category) across the three models in Table 4.4. This result is
in line with the results on the average decisions reported in Table 4.1. The results also sug-
gest that the Star ∗ NoTreat is not significantly different compared to the Circle ∗ NoTreat,
while Circle ∗ NoTreat is positive and statistically significant compared to the empty net-
work. This suggests that farmers are positively influenced by their direct neighborhood’s
organic investment, even in the case of no treatment. Thus, the network could play an
important role in promoting investment in organic farming.

Since the Neigbor(t − 1) have different impacts on individual behavior depending
on the different network structures (i.e., farmers in different networks and different lo-
cations in a particular network have different numbers of direct neighbors), we break
down our estimation into four different network structures presented in Table 4.5. We
observe that Neigbor(t− 1) is statistically significant in all network structures, except for
the star network. In the star network, we observe the statistically significant coefficient of
Center ∗ Neighbor(t− 1). This also suggests that a stronger network connection helps to
promote the investment in organic farming.
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Table 4.4: Individual decision in organic farming and network structures.

Fractional regression

Variables (1) (2) (3)

Empty network*Sc -0.193∗∗∗ -0.195∗∗∗ -0.221∗∗∗

(0.067) (0.066) (0.068)
Empty network*ScNd -0.236∗∗∗ -0.238∗∗∗ -0.134∗∗

(0.067) (0.064) (0.068)
Circle*Sc 0.463∗∗∗ 0.468∗∗∗ 0.535∗∗∗

(0.083) (0.079) (0.081)
Circle*ScNd 0.282∗∗∗ 0.284∗∗∗ 0.406∗∗∗

(0.079) (0.075) (0.073)
Star*NoTreat -0.007 -0.007 0.007

(0.071) (0.066) (0.071)
Star*Sc -0.072 -0.072 -0.041

(0.068) (0.065) (0.072)
Star*ScNd 0.207∗∗∗ 0.209∗∗∗ 0.236∗∗∗

(0.077) (0.075) (0.081)
Complete*NoTreat 0.304∗∗∗ 0.307∗∗∗ 0.289∗∗∗

(0.081) (0.077) (0.076)
Complete*Sc 0.437∗∗∗ 0.441∗∗∗ 0.380∗∗∗

(0.088) (0.082) (0.088)
Complete*ScNd 0.853∗∗∗ 0.861∗∗∗ 0.800∗∗∗

(0.096) (0.092) (0.095)
Period 0.070∗∗∗ 0.070∗∗∗

(0.005) (0.005)
Control variables
Age (in log) 0.366∗∗∗

(0.087)
Education (below secondary as a base
category)
High school -0.048

(0.037)
College -0.163∗∗∗

(0.060)
Health (bad health as a base category)
Good -0.073∗

(0.039)
Very good 0.185∗∗∗

(0.050)
Farm size (in log) -0.063∗∗∗

(0.022)
Cooperative -0.084∗∗

(0.040)
Intercept 0.277∗∗∗ -0.106 -0.724

(0.060) (0.066) (0.522)

Observations 2200 2200 2200
Number of farmers 220 220 220
Log pseudo-likelihood -1446.20 -1435.84 -1430.95
Wald χ2(q) 421.05∗∗∗ , q=10 594.86∗∗∗ , q=11 670.53∗∗∗ , q=27
Pseudo R2 0.016 0.023 0.026

Note: The dependent variable is the individual investment. Regressions with Circle*NoTreat
which is circle network with no treatment, is a base category. NoTreat is no treatment. Sc and
ScNd stand for the social comparison and social comparison & nudge treatment, respectively.
Insignificant control variables are not reported including NEP, Female, Individual income, Risk
investment, Communist, Farmer association and Organic approval, which are not statistically
significant.
Bootstrapped standard errors in parentheses with 500 bootstrap replications.
∗ p < 0.1; ∗∗ p < 0.05; ∗∗∗ p < 0.01.

The variable Neighbor(t − 1) is not significant in the star network, which indicates
that farmers in the corner of the star seem less likely to care about the behaviors of the
center, as was expected in our theoretical prediction. Additionally, the variable Center is
not significant at the 5% level, which means that the center in our sample does not seem to
invest more in organic farming compared to the corner farmers. This could be the reason
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why the star network performs worse than the other networks (e.g., circle and complete
network) in encouraging organic farming.

Therefore, Prediction 1 is validated since the results show that a network with more
connections (i.e., complete network) is more effective in encouraging organic investment
than one with fewer connections.

Role of social comparison

In the presence of the “Sc" treatment, the results in Table 4.4 show that the Circle ∗ Sc and
Complete ∗Sc are positive and significant, while Star ∗Sc is not significant and EmptyNetwork ∗
Sc is negative and significant. This suggests that the “Sc" treatment plays a role in promot-
ing organic farming but the effects of “Sc" are different in different network structures.
This result is also confirmed by the non-parametric test in Table 4.2.

According to the estimation results in Table 4.5, we find that the social comparison
treatment is positive and significant only in the circle network. Figure 4.5 shows that social
comparison also has a positive impact on individual decisions in both circle and complete
networks. This suggests that the social comparison treatment has a positive impact on
farmers’ investments in organic farming in the complete network, but its impact is not
statistically different compared to the case of complete network without treatment.

Our results confirm that in the case of the circle network, farmers who received the so-
cial comparison treatment allocated a higher percentage of lands to organic farming than
farmers in other types of network structures. It should be noted that the circle and com-
plete network are both decentralized networks, but each agent in the complete network
has more connections compared to the circle. While the circle and complete networks are
decentralized, the star is representative of the centralized network in which all agents are
connected to the center and there is no link between individuals in the corner. In our ex-
periment, each farmer in the circle network only had two direct neighbors and he or she
could therefore only observe the investment decisions of two direct neighbors after each
round. However, in the complete network, each farmer is linked to all others and he or
she could thus observe all the others’ investment decisions even without social compari-
son. In the star network, only the centers could observe all the other farmers’ decisions.
Thus, this implies that the social comparison does not have a significant impact on the in-
dividual investment in organic farming in the star and complete networks. Consequently,
Prediction 2 is partially validated: the “Sc" treatment performs better in the decentralized
network with fewer connections (like the circle network).
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Table 4.5: Summary estimation results.

Fractional regressions

Variables Empty network Circle Star Complete

Neighbor (t-1) 0.637∗∗∗ 0.080 0.667∗∗

(0.147) (0.109) (0.333)
Center -0.568∗

(0.325)
Center*Neighbor (t-1) 0.996∗∗

(0.409)
Sc 0.289∗∗∗ -0.084 0.166

(0.106) (0.053) (0.107)
ScNd 0.008 0.210∗∗∗ 0.143∗ 0.349∗∗∗

(0.051) (0.092) (0.080) (0.101)
Period 0.006 0.054∗∗∗ 0.030∗∗∗ 0.098∗∗∗

(0.008) (0.013) (0.009) (0.021)
Control variables
NEP 0.006 0.014∗ -0.017∗∗∗ -0.016∗

(0.006) (0.007) (0.006) (0.010)
Female -0.051 -0.144∗ -0.494∗∗∗ 0.364∗∗∗

(0.058) (0.082) (0.089) (0.101)
Age (in log) 0.346∗∗ 0.158 -0.294 1.666∗∗∗

(0.141) (0.207) (0.216) (0.292)
Health (bad health as a base category)
Good -0.060 -0.099 -0.213∗∗∗ 0.279∗∗

(0.059) (0.087) (0.062) (0.111)
Very good 0.074 -0.081 -0.108 0.677∗∗∗

(0.084) (0.094) (0.102) (0.127)
Risk investment (in log) 0.005 -0.083 0.042 0.394∗∗∗

(0.018) (0.081) (0.064) (0.117)
Organic approval (disagree as a base
category)
Unsure -0.233∗ 0.209 -0.763∗∗∗ 0.377∗∗

(0.136) (0.180) (0.156) (0.174)
Agree 0.103∗ 0.736∗∗∗ -0.017 -0.478∗∗∗

(0.075) (0.175) (0.075) (0.120)
Intercept -2.101∗∗ -0.744 2.203∗ -9.460∗∗∗

(0.875) (1.500) (1.157) (1.856)

Observations 400 540 540 540
Number of farmers 40 60 60 60
Log pseudo-likelihood -276.19 -341.72 -359.45 -311.09
Wald χ2(q) 104.93∗∗∗ 200.51∗∗∗ 228.51∗∗∗ 248.77∗∗∗

q 18 20 20 20
Pseudo R2 0.003 0.029 0.017 0.053

Note: The dependent variable is the individual investment. Regressions with no treatment as a base category.
Bootstrapped standard errors in parentheses with 500 bootstrap replications.
Control variables are not reported, including Individual income, Education, Farm size, Communist, Farmer
association and Cooperative which are not statistically significant at the 5% level. The detailed estimation
results are reported in the Appendix.
∗ p < 0.10; ∗∗ p < 0.05; ∗∗∗ p < 0.01.

Role of social comparison combined with information nudge

We observe that the “ScNd" (social comparison combined with information nudge) treat-
ment does not seem to perform well in the empty network, but provides a positive and
significant impact on farmers’ investments in organic farming in the presence of a net-
work (Table 4.4). Table 4.4 shows that there is a negative impact of EmptyNetwork ∗ ScNd
on individual behavior compared to the baseline which is Circle ∗ NoTreat. Moreover, the
first column of Table 4.5 confirms this result by indicating that the impact of “ScNd" on
individual organic investment in the empty network is negligible. This result is in line
with the theoretical prediction that there is no significant difference between the socially
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optimal investment and the Nash equilibrium in the case of the empty network (Table A.2
in the Appendix).

The results in both Tables 4.4 and 4.5 indicate that in the presence of network connec-
tions, the treatment “ScNd" has positive and significant impacts on farmers’ investments
in organic farming in all the three networks (circle, star and complete network). This
suggests that the “ScNd" treatment performs more efficiently in the presence of network
connections than in the empty network. By comparing different networks (e.g., circle, star
and complete networks), we observe that the “ScNd" performs extremely well in the com-
plete network compared to the star and circle networks (Table 4.4). This is also in line
with our theoretical prediction since the information nudge provided to farmers is the in-
formation about the socially optimal investment, and the social optimum in the complete
network is higher than the one in the star and circle networks (Table A.1 in the Appendix).
This suggests that it would be more efficient to provide the combination treatment to a
strongly connected network (i.e., complete network) than a weakly connected one (i.e.,
circle network) and to a decentralized network (i.e., complete and circle networks) rather
than a centralized one (i.e., star network). Additionally, because of the network connec-
tion, farmers in the complete network can observe the decisions of all the others after each
period of the game, while farmers in the circle and star networks can observe only the de-
cision of their direct neighbors, except for the center in the star network. Thus, it is easier
for farmers in complete networks to coordinate in terms of organic investment than others
in other networks. Prediction 3 is therefore validated.

For the control variables, some of the control variables (age, education, health, farmer
size, belonging to a farmers’ cooperative) can significantly explain the individual decision
to invest in organic farming. In particular, older farmers seem to invest more in organic
farming than younger ones. Surprisingly, farmers who have college and university de-
grees in our sample are less likely to care about organic farming than others. Farmers in
very good health have a higher incentive to invest in organic farming than other farmers.
However, a large farm size, which is a proxy for farming scale, has a negative and sig-
nificant impact on the individual investment in organic farming. This is perhaps because
it is costlier for larger-scale household farmers to convert their lands to organic farming
than small-scale ones. Being a member of a farmer’s cooperative does not seem to help
farmers to become more aware of organic agriculture. Other variables like NEP, female,
risk investment, individual monthly income or belonging to the communist party do not
have any significant impact on farmers’ decisions.
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4.6 Discussion and conclusion

Our results suggest that more connections (or links) in the network could result in a higher
investment in organic farming. This is in line with the literature that reports that partici-
pants are more likely to coordinate in the presence of a network structure: a network with
more connections is better than one with fewer connections in facilitating coordination
(McCubbins et al., 2009). This result suggests that the network-based approach could be
considered as a cost-effective method for policymaker to incentivize the adoption of or-
ganic agriculture or new environmentally-friendly agricultural practices (Beaman et al.,
2018).

As suggested in the existing literature, the intra-group comparison can lead to stronger
cooperation in the public good provision (Böhm and Rockenbach, 2013). In our study, we
also investigate the effect of intra-group comparison (i.e., social comparison treatment),
but in the context of organic farming and in the presence of the network (i.e., connections
exist among individuals). We find that the social comparison treatment has a significant
impact on farmers’ organic investment decisions in organic farming in a circle network.
In a complete network, when every farmer can fully observe all other farmers’ decisions,
providing social comparison treatment cannot sufficiently help to promote the organic in-
vestment since the comparison effect among individuals in the network dominates the
comparison effect of the social comparison treatment. The results therefore suggest that
social comparison can be used to incentivize farmers to cooperate by investing in organic
farming more effectively in a decentralized network with fewer connections (like a circle
network).

In a network where only one farmer has the advantage of fully observing the others’
decisions (i.e., farmers in the center of the star network), social comparison makes those
in the center to perform worse than what was expected in our theoretical prediction. In
the last period of the game, we observe that the farmers in the center do not seem to
play the Nash equilibrium as expected in the theoretical prediction, but that they instead
follow the average investment decision of the whole group (i.e., their direct neighbors)
(see Figure 4.5). Thus, it would be more interesting for future studies to investigate this
issue in greater detail, perhaps with two or more farmers in the center of the network (e.g.,
a bridge network). In our model, we have only one farmer in the center and this could
therefore make them less likely to sustain their behaviors when they observe that all the
other farmers in the network have chosen a low level of organic investment.

While social comparison can encourage farmers’ pro-environmental decisions only
in a decentralized network with fewer connections (i.e., a circle network), social com-
parison combined with information nudge treatment seems to be a more effective way
to encourage farmers to move toward a more environmentally-friendly agriculture. This
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suggests that the complementarity of social comparison and information nudge (i.e., com-
bination effect) could exceed the effect of social comparison. We also observe a positive
and strongly significant impact of the social comparison combined with the information
nudge on individual farmers’ decisions in the presence of a complete network. This means
that farmers in a network with more connections perform better with the combination ef-
fect than the one with fewer connections in promoting organic farming.

In order to capture the causal effect of networks on farmers’ behaviors, we consider
the organic investment game with the given network structures (exogenous network) and
allow the network to vary. Future studies should also take the endogenous structure of the
network into account in order to capture which network pattern could result in a higher
level of adoption of organic agriculture. Our results suggest that there is a possibility of a
crowd in effect since the effect of both social comparison and information nudge exceeds
the effect of social comparison (Brandon et al., 2019). The mechanism of crowding in and out
in social nudges (social comparison and information nudge) deserves our attention since
it may have important implications in promoting sustainable agriculture.

One major issue concerns the recommendations that could be adopted to design pub-
lic policies. They would be based not only on subsidies but more essentially on informa-
tion given to farmers (Van Campenhout et al., 2017). Firstly, it is crucial for farmers to
understand the importance of their social links. In many instances, neighborhood farmers
or local agricultural organizations are valuable sources of knowledge, information and ad-
vice for farmers and, consequently, policymakers and/or individuals themselves should
always try to establish a channel for local farmers to promote farmer-to-farmer links. Sec-
ondly, in reality, it is always very difficult to observe the actual network structure, and
farmers cannot normally fully observe the behaviors, actions or decisions of their neigh-
bors. In this situation, providing social comparison treatment like information about the
average organic investment of the local groups or communities to farmers could stimu-
late self-evaluation as well as competition, and could thus help to incentivize farmers to
behave positively towards organic farming. Finally, timely reminders about not only the
importance of organic agriculture but also the socially optimal organic investment (i.e.,
information nudge) can help to increase farmers’ awareness about organic agriculture and
to help them to maintain commitments and schedules (Fabregas et al., 2019). As a result, it
helps to nudge them towards bridging the gap between their intentions and their actions.
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Appendix A: Theoretical predictions - A numerical illustration.

To illustrate the theoretical model, let us consider a numerical example with the parameter
assumption reported in Table A.1. We consider that each farmer will decide to invest the
percentage of his or her farming land in organic agriculture, x ∈ [0, 1] (i.e., from 0% to
100%). We also consider that β = 0.8, which means that the benefit of organic farming
is 20% higher than that of conventional farming. “Cost and benefit analysis" literature
suggests that income from organic farming varies from 20-30% higher than conventional
farming at a low level of subsidy, and 50% at the highest subsidy level (Urfi et al., 2011). We
assume that the parameter of the revenue function a = 2 and, thus, given the assumption
that f

′
(x) ≥ 0, b must be ≤ 1 for x = 1. In order to make the game more interesting, we

consider that in the absence of a network and social comparison, it is optimal to invest less
than 50% of the land in organic farming (i.e., x∗ < 0.5) and thus it is therefore necessary
that γ = 0.5 since this assumption holds for γ > 0.45. For the social comparison parameter,
we chose η = 0.2 since the existing literature suggests that the impact of social comparison
on individual behavior varies from 20% to 30% (Vogel et al., 2015; Jiang and Ngien, 2020).
The peer parameter is equal to 0.4 since δ must be ≥ 0.4 in order to obtain a difference of
at least 0.2 in the Nash equilibrium and social optimum in the circle network (Table A.1),
which is required for the information nudge treatment, as discussed in our theoretical
model in Section 2. Table A.1 (in the presence of social comparison), Table A.3 (in the case
of no social comparison) and Table A.2 (in the empty network) present the equilibrium and
payoffs associated with two different organic land investment decisions (Nash equilibrium
and social optimum) in a five-player game.
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Table A.1: Nash equilibrium and social optimum in the presence of social comparison.

Parameter values

Difference in revenue between conventional and organic farming: β = 0.8.

Parameters of the revenue function f (x) = ax− bx2 : a = 2 and b = 1.

Extra cost for organic investment: γ = 0.5.

Peer parameter: δ = 0.4.

Comparison parameter: η = 0.2.

Number of agents per network: N = 5.

Equilibrium in the presence of social comparison

Star
Circle Center Corner Complete

Nash equilibrium 0.6071 0.7175 0.5519 0.85
Social optimum 0.83 1.00 0.7023 1.00

Farmer i’s payoff

Star
Farmer i’s choice/

Other farmers’ choices
Circle Center Corner Complete

Nash Social Nash Social Nash Social Nash Social
Nash 134.2∗ 141.4 160.9∗ 175.8 123.1∗ 126.4 193.1∗ 211.1
Social 124.3 135.6e 145.4 167.1e 118.4 123.4e 188.4 210e

Notes: ∗ and e stand for farmer i’s payoff at the Nash equilibrium and the social optimum, respectively.

The results of the Nash equilibrium, social optimum and payoffs are calculated using
Equations (4.1), (4.2) and (4.3), respectively. Our results in Table A.1 indicate that this
five-player game has a unique Nash equilibrium. In the complete network, the payoff
for each farmer at the Nash equilibrium is 193.1. However, the Nash equilibrium is not
Pareto optimal. By coordinating at the social optimum, each farmer would earn an amount
equal to 210, whereas, this optimum is difficult to achieve because each farmer has the
incentive to deviate if he or she knows that the other farmers will choose the optimal
strategy. Specifically, farmer i would deviate in order to play at the Nash equilibrium and
earn a slightly higher payoff of 211.1. The other farmers would then suffer a loss equal
to 210− 188.4 = 21.6. Therefore, the dominant strategy is that every farmer coordinates
at the Nash equilibrium and earns a payoff equals to 193.1. Similarly, the same logic is
applied to the circle and the star networks. However, in the case of the empty network,
we observe that the Nash equilibrium is higher than the social optimum in the presence of
social comparison. This is because there is a negative externality of the social comparison.
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Table A.2: Nash equilibrium and social optimum in the empty network.

Equilibrium in the empty network

No social comparison Social comparison
Nash equilibrium 0.4167 0.4722
Social optimum 0.4167 0.4611

Farmer i’s payoff

Farmer i’s choice/
Other farmers’ choices

No social comparison Social comparison
Nash Social Nash Social

Nash 111.3∗ 111.3 110.7∗ 110.9
Social 111.3 111.3e 110.7 110.9e

Notes: Equilibrium and payoffs are calculated with the same parameter as in the case
of presence of social comparison.
∗ and e stand for farmer i’s payoff at the Nash equilibrium and the social optimum,
respectively.

Because of the sub-optimality of the Nash equilibrium, our objective is to introduce
the information nudge about the socially optimal level of investment to the farmers in
the experiment in order to examine whether the nudge treatment could help to encourage
farmers to move toward a more sustainable agriculture.

Table A.3: Nash equilibrium and social optimum in the case of no social comparison.

Equilibrium in the case of no social comparison

Star
Circle Center Corner Complete

Nash equilibrium 0.5357 0.6331 0.4870 0.75
Social optimum 0.75 0.9807 0.6346 1.00

Farmer i’s payoff

Star
Farmer i’s choice/

Other farmers’ choices
Circle Center Corner Complete

Nash Social Nash Social Nash Social Nash Social
Nash 131.7∗ 140.8 152.2∗ 167.1 122.7∗ 129.5 181.3∗ 211.3
Social 123.4 136.3e 130.4 153.6e 118.8 127.6e 170 210e

Notes: Equilibrium and payoffs are calculated with the same parameter as in the case of the presence of social comparison.
∗ and e stand for farmer i’s payoff at the Nash equilibrium and the social optimum, respectively.

It should be noted that in Tables A.1-A.2, in order to facilitate the computation as well
as the theoretical analysis, we assume that all agents are identical. In this case, all of the
agents’ direct and indirect neighbors (four other agents) play the same strategies at the
equilibrium. Indeed, the real situation would be more complicated if all of the agents’
strategies were different. However, this assumption still makes sense in reality because
when making their decisions, agents usually take what both direct and indirect neighbors
would do into account. In the experiment, agents participate in a ten-period repeated
game. In the case of no social comparison, agents can observe the previous decision of
their direct neighbors after each round. For instance, agents in the circle observe the deci-
sions of two direct neighbors, while those in the complete network observe the decisions
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of four direct neighbors. In the presence of social comparison, agents will receive addi-
tional information about the average group organic investment. The information nudge
provides agents with information about the optimal investment strategy at the beginning
of each round. In this way, we can explore the impact of information about their neigh-
bors’ previous choices on their likelihood of choosing the Nash equilibrium strategy and
coordinating on the socially optimal outcome.
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Appendix B: Primary experimental instructions.

One week before the experiment, the local authorities in each village contacted farmers
either directly or by sending letters to invite them to the experiment without knowing its
content.

Upon arrival at the experimental session, farmers were given the detailed information
about the experiment and the monetary incentives. The farmers were informed that they
would be paid after participating in the survey and one farmer would receive at least
120,000 VND11 depending on their performances.

The first part of the experiment was a lottery choice task described above. In the
second part of the experiment, farmers were told that their investment would not affect
any of the others’ decisions and that their payoffs depended only on their personal level of
investment. Before starting the second part in which the simple organic investment game
was played, experimenters introduced the definition of organic farming to the farmers.
The definition is written as follows:

“Organic agriculture is a production method that excludes the use of most
chemicals (such as pesticides and fertilizers often used in conventional agri-
culture since the beginning of the 20th century), GMOs (Genetically Modified
Organisms) and crop preservation by irradiation. Organic farming contributes
to reducing environmental impacts (for example, by reducing water pollution
and protecting soil fertility, etc.) and improving food quality."

In the third part, farmers were informed that each individual was assigned to a posi-
tion in a particular network of five participants (star, circle, complete or empty network).
There were two groups per session (since there were ten participants per session). Only the
farmers knew their positions and thus nobody had any information about who would be
their neighbors (either direct or indirect) or which group they were in. This position would
be fixed determined all ten periods of the experiment. Experimenters also explained the
particular network structure that they were assigned to, and the direct and indirect neigh-
bors/links. They were also informed that there were peer effects due to the network links.
Farmers would benefit from their direct neighborhood investments. They were told that
there would be feedback after each round and that each farmer could observe the invest-
ment decision of his or her direct neighbors. The explanation of the role of networks is
summarized as follows:

“Organic farmers would benefit from the total organic investment of their di-
rect neighbors. This benefit would be the result of the market information that

11equivalent to about 5 USD.
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an organic farmer who has good market information might share with his or-
ganic peers about when and where to market their crops to receive high prices.
The peer benefits would also come from positive experiences and considerable
labor-sharing opportunities in their networks. From a social perspective, farm-
ers who adopt organic agriculture may motivate their neighboring farmers to
adopt it as well because most individuals are “conditionally cooperative"."

In the presence of social comparison (Sc), experimenters informed farmers that there
would be the peer effects depending on the network structures (star, circle or complete
network) and the social comparison. The peer effect was explained in the same way as
previously described. After each round, there was also feedback and each farmer would
receive the information about his or her group’s average investment decision. Regarding
the social comparison, it was explained as follows:

“Farmers would receive information about the average organic investment of
the total group (including themselves and their direct and indirect neighbors)
after each round. Organic farmers who invested less would then suffer a neg-
ative impact on the payoff. This negative impact would be calculated accord-
ingly by the given payoff function".

In the presence of an information nudge (ScNd), farmers were informed that informa-
tion would appear on the screen at the beginning of each round: their optimal investment
as well as that of all the other farmers in their group. If every farmer followed the instruc-
tion to choose the optimal level of investment, then all farmers would earn the optimal
profit/payoff. This information would appear every time at the beginning of each round.
For example, in the star network, the information was displayed as follows:

“The optimal decision for the whole group is: player 1 chooses X equal to 100%
and four other players choose X equal to 70.23%".

They can decide to follow or not this information. After each round, farmers would receive
feedback concerning information about the investment decision of their direct neighbors.
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Appendix C: Additional experimental results.

Table C.1: Mean investment per network and per treatment.

Empty network Circle Star Complete

No treatment - 0.568 0.567 0.641
(0.197) (0.132) (0.190)

Sc 0.520 0.677 0.551 0.671
(0.111) (0.185) (0.115) (0.220)

ScNd 0.510 0.636 0.618 0.756
(0.112) (0.176) (0.175) (0.193)

Notes: The standard deviation is in parentheses. Sc stands for
“social comparison" treatment. ScNd stands for “social compari-
son and information nudge" treatment.

Table C.2: Difference-in-mean across different network structures and the center/corner
of the star network (Wilcoxon Rank Sum test).

No treatment Sc ScNd

Center Corner Complete Center Corner Complete Center Corner Complete

Circle -0.10∗∗∗ 0.03 -0.07∗∗∗ 0.12∗∗∗ 0.13∗∗∗ 0.01 -0.06∗∗ 0.04∗∗ -0.12∗∗∗

(0.000) (0.094) (0.000) (0.000) (0.000) (0.778) (0.048) (0.016) (0.000)
Center - 0.13∗∗∗ 0.03 - 0.01 -0.11∗∗∗ - 0.10∗∗∗ -0.06

(0.000) (0.595) (0.435) (0.000) (0.000) (0.171)
Corner - - -0.10∗∗∗ - - -0.12∗∗∗ - - -0.16∗∗∗

(0.000) (0.000) (0.000)

Notes: The table reports the difference-in-mean and the p-value of the Wilcoxon Rank Sum test in parentheses. Sc stands for “social compar-
ison" treatment; ScNd stands for “social comparison and information nudge" treatment. Center and corner are presented for the subset of
only center and corner farmers in the star network.
∗∗ p < 0.05; ∗∗∗ p < 0.01.
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Table C.3: The 15 NEP scale items and their response distributions (in percentage).

NEP scale items Strongly
disagree

Partly
dis-
agree

Unsure Partly
agree

Strongly
agree

Corr

1:“We are approaching the limit of the number of people the earth can
support".

7.27 39.09 4.55 35.00 14.09 0.441

2:“Humans have the right to modify the natural environment to suit their
needs".a

6.36 14.55 0.45 55.45 23.18 0.535

3:“When humans interfere with nature, it often leads to disastrous
consequences".

6.82 44.09 3.64 33.64 11.82 0.466

4:“Human ingenuity will ensure that we do not make the earth unlivable".a 2.73 10.00 3.18 62.27 21.82 0.419
5:“Humans are severely abusing the environment". 6.36 25.91 2.27 41.82 23.64 0.387
6:“The Earth has plenty of natural resources if we just learn how to
develop them".a

2.73 1.36 1.36 58.18 36.36 0.456

7:“Plants and animals have as much right as humans to exist". 0.91 5.00 1.82 56.82 35.45 0.485
8:“The balance of nature is strong enough to cope with the impacts of
modern industrial nations".a

14.55 44.55 6.36 26.82 7.73 0.340

9:“Despite our special abilities, humans are still subject to the laws of
nature".

0.45 4.09 1.82 53.64 40.00 0.414

10:“The so-called “ecological crisis" facing humankind has been greatly
exaggerated".a

2.27 45.91 10.00 35.00 6.82 0.356

11:“The Earth is like a spaceship with very limited room and resources". 0.45 12.27 3.64 59.09 24.55 0.375
12:“Humans were meant to rule over the rest of nature".a 3.64 24.55 5.91 52.27 13.64 0.380
13:“The balance of nature is very delicate and easily upset". 1.82 19.09 5.91 64.09 9.09 0.390
14:“Humans will eventually learn enough about how nature works to be
able to control it".a

2.73 15.00 1.82 65.45 15.00 0.399

15:“If things continue on their present course, we will soon experience a
major ecological catastrophe".

0.91 8.18 3.18 63.18 24.55 0.485

Total NEP score. Mean = 46.87 and SD = 4.455.
Cronbach’s alpha = 0.6545

Notes: a Reverse coded.
The column Corr represents the item-total correlation, which tells us how much each item correlates with the total NEP score. Cronbach’s alpha is equal
to 65.4% in the reliability test, which suggests that 65.4% of the variance in the score is reliable.
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Table C.4: Correlation matrix of explanatory variables by different networks (with Pear-
son’s correlation test).

Empty network Circle network Star network Complete network

Sc Neighbor(t-1) Sc Center Neighbor(t-1) Sc Neighbor(t-1) Sc

Center - - - 1.00 - - - -

Neighbor(t-1) - 1.00 - 0.83 1.00 - 1.00 -
(0.00)

Sc 1.00 0.21 1.00 0.00 0.00 1.00 -0.06 1.00
(0.00) (1.00) (0.93) (0.150)

ScNd -0.15 0.06 -0.50 0.00 0.06 0.5 0.18 -0.50
(0.00) (0.166) (0.00) (1.00) (0.117) (0.00) (0.00) (0.00)

Notes: The p-value of the Pearson correlation test statistics are in parentheses.
The Pearson correlation test statistics suggest that there are correlations between the “Sc" and “ScNd" treatments and
between direct neighborhood investment Neighbor(t − 1) and Center. However, the correlation coefficients of these
variables are not too large, except for the correlation between center and Neighbor(t− 1) in the star network.
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Table C.5: The full estimation results.

Empty network Circle Star Complete

Variables Tobit Fractional Tobit Fractional Tobit Fractional Tobit Fractional

Neighbor (t-1) 0.149∗∗∗ 0.637∗∗∗ 0.019 0.080 0.176∗∗ 0.667∗∗

(0.034) (0.147) (0.026) (0.109) (0.070) (0.333)
Center -0.113 -0.568∗

(0.073) (0.325)
Center*Neighbor (t-1) 0.206∗∗ 0.996∗∗

(0.090) (0.409)
Sc 0.067∗∗∗ 0.289∗∗∗ -0.020 -0.084 0.038∗ 0.166

(0.021) (0.106) (0.012) (0.053) (0.022) (0.107)
ScNd 0.002 0.008 0.048∗∗ 0.210∗∗∗ 0.033∗ 0.143∗ 0.090∗∗∗ 0.349∗∗∗

(0.012) (0.051) (0.019) (0.092) (0.018) (0.080) (0.020) (0.101)
Period 0.001 0.006 0.012∗∗∗ 0.054∗∗∗ 0.007∗∗∗ 0.030∗∗∗ 0.020∗∗∗ 0.098∗∗∗

(0.002) (0.008) (0.003) (0.013) (0.002) (0.009) (0.004) (0.021)
Control variables
NEP 0.001 0.006 0.003∗ 0.014∗ -0.004∗∗∗ -0.017∗∗∗ -0.003∗ -0.016∗

(0.001) (0.006) (0.001) (0.007) (0.001) (0.006) (0.002) (0.010)
Female -0.012 -0.051 -0.030∗ -0.144∗ -0.105∗∗∗ -0.494∗∗∗ 0.077∗∗∗ 0.364∗∗∗

(0.014) (0.058) (0.017) (0.082) (0.023) (0.089) (0.022) (0.101)
Age (in log) 0.085∗∗ 0.346∗∗ 0.036 0.158 -0.062 -0.294 0.378∗∗∗ 1.666∗∗∗

(0.035) (0.141) (0.043) (0.207) (0.051) (0.216) (0.056) (0.292)
Education (below secondary as a base
category)
High school 0.026∗ 0.107∗∗ 0.048∗ 0.202∗ -0.001 0.004 -0.023 -0.120

(0.013) (0.054) (0.024) (0.120) (0.016) (0.065) (0.021) (0.111)
College 0.058∗∗ 0.235∗∗ -0.035 -0.121 - - -0.112∗∗∗ -0.492∗∗

(0.026) (0.104) (0.035) (0.163) (0.039) (0.193)
Health (bad health as a base category)
Good -0.014 -0.060 -0.037∗ -0.148∗ -0.051∗∗∗ -0.215∗∗∗ 0.066∗∗∗ 0.331∗∗∗

(0.014) (0.059) (0.019) (0.089) (0.015) (0.066) (0.024) (0.120)
Very good 0.018 0.074 -0.021 -0.085 -0.027 -0.100 0.157∗∗∗ 0.712∗∗∗

(0.021) (0.084) (0.021) (0.098) (0.024) (0.102) (0.027) (0.136)
Individual income (low income as base
category)
Medium 0.004 0.020 -0.014 -0.069 0.0004 -0.100 0.035∗ 0.138∗

(0.015) (0.060) (0.014) (0.070) (0.021) (0.091) (0.020) (0.100)
High -0.053∗ -0.213∗ 0.059 0.231 - - 0.025 0.134

(0.027) (0.109) (0.049) (0.274) (0.028) (0.143)
Risk investment (in log) 0.001 0.005 -0.006 -0.035 0.010 0.019 0.082∗∗∗ 0.394∗∗∗

(0.004) (0.018) (0.018) (0.084) (0.015) (0.061) (0.025) (0.130)
Farm size (in log) 0.019∗∗ 0.079∗∗ -0.023∗ -0.107∗ 0.0001 0.004 -0.021 -0.139∗

(0.009) (0.036) (0.013) (0.065) (0.009) (0.040) (0.013) (0.076)
Communist -0.019 -0.082 0.055∗∗∗ 0.251∗∗∗ -0.028 -0.110 -0.032 -0.072

(0.034) (0.136) (0.018) (0.080) (0.019) (0.079) (0.033) (0.164)
Farmer association -0.009 -0.036 0.003 0.010 0.115∗∗∗ 0.476∗∗∗ -0.049 -0.117

(0.016) (0.067) (0.022) (0.100) (0.035) (0.145) (0.036) (0.172)
Cooperative -0.082∗∗∗ -0.331∗∗∗ 0.007 0.034 -0.051∗∗ -0.218∗ -0.008 -0.094

(0.019) (0.077) (0.018) (0.080) (0.023) (0.109) (0.021) (0.105)
Organic approval (disagree as base
category)
Unsure -0.057∗ -0.233∗ 0.058 0.209 -0.188∗∗∗ -0.763∗∗∗ 0.083∗∗ 0.377∗∗

(0.034) (0.136) (0.042) (0.180) (0.037) (0.156) (0.033) (0.174)
Agree 0.026 0.103∗ 0.169∗∗∗ 0.736∗∗∗ -0.005 -0.017 -0.102∗∗∗ -0.478∗∗∗

(0.018) (0.075) (0.038) (0.175) (0.016) (0.075) (0.024) (0.120)
Intercept 0.094 -2.101∗∗ 0.308 -0.744 1.022∗∗∗ 2.203∗ -1.610∗∗∗ -9.460∗∗∗

(0.222) (0.875) (0.315) (1.500) (0.278) (1.157) (0.394) (1.856)

Observations 400 400 540 540 540 540 540 540
Log (pseudo)-likelihood 315.05 -276.19 185.60 -341.72 373.29 -359.45 66.94 -311.09
Wald χ2(q) 106.67∗∗∗ 104.93∗∗∗ 217.62∗∗∗ 200.51∗∗∗ 251.93∗∗∗ 228.51∗∗∗ 289.36∗∗∗ 248.77∗∗∗

q 18 18 20 20 20 20 20 20
Pseudo R2 -0.059 0.003 -0.742 0.029 -0.325 0.017 2.570 0.053

Note: The dependent variable is the individual investment. No treatment is a base category.
Bootstrapped standard errors are in parentheses with 500 bootstrap replications.
∗ p < 0.10; ∗∗ p < 0.05; ∗∗∗ p < 0.01.
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Figure 4.4: Density plot of individual decisions by different networks.
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Figure 4.5: Mean investment over time (with social comparison treatments).
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Figure 4.6: The experimental map.

Figure 4.7: The first part of the experiment (lottery-choice task).

Figure 4.8: The second part of the experiment (simple organic investment game).
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Figure 4.9: The third part of the experiment (an example of the StSc scenario).
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Chapter 5

Farmers’ preferences towards organic
farming: Evidence from a choice
experiment in Northern Vietnam1

5.1 Introduction

In recent years, we have seen a significant increase in organic farming all over the world,
up to 11.7 million hectares of organic farming land (i.e., about 20% of agricultural land)
worldwide in 20172. Existing literature suggested that organic farming is a more prefer-
able farming technique compared to the conventional farming because organic farmers is
less likely to rely on pesticides and chemical fertilizers which could cause extreme soil,
water and crop pollution (Bengtsson et al., 2005; Zhengfei et al., 2005). As a result, the less
reliance of chemical inputs helps to preserve the soil fertility in the long term. Organic
farming could therefore help to produce good quality as well as healthy food for con-
sumers (i.e., increase well-being). Consequently, organic farming will continue expanding
worldwide if development and environmental conservation are to be reconciled.

Several developing countries like Vietnam are now in a start-up phase that needs a
strong support in its agricultural sector. According to the report of the Vietnamese Min-
istry of Agriculture and Development, a large proportion of land in Vietnam is dedicated
to agriculture (around 40%) and a majority of farmers is smallholder (i.e., about 89%) who

1This chapter is based on Boun My K., Nguyen-Quang H., Nguyen-Van P., Pham TKC., Stenger A., Tiet T.
and To-The N. (2020), Farmers’ preferences towards organic farming: Evidence from a choice experiment in
Northern Vietnam. Submitted.

2The whole report is available at https://shop.fibl.org/CHfr/mwdownloads/download/link/id/1202/
?ref=1

 https://shop.fibl.org/CHfr/mwdownloads/download/link/id/1202/?ref=1
 https://shop.fibl.org/CHfr/mwdownloads/download/link/id/1202/?ref=1
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mainly lives in the rural areas (Rapsomanikis, 2015). This indicates that the primary in-
come source of Vietnamese smallholder farmers comes from agricultural products. How-
ever, in one study, the authors have shown that farmers in Vietnam relied heavily on farm-
ing inputs, such as pesticides, fertilizers and crop protection inputs (Rapsomanikis, 2015).
As a result, in 2017, organic farming in Vietnam represents only about 0.5% of total agri-
cultural land (Willer and Lernoud, 2019).

Existing literature argued that farmers’ decisions to adopt or not organic farming are
influenced by various monetary and political factors, such as agricultural policy, market
configuration and technology design (Darnhofer et al., 2005). In their study, the authors ar-
gued that giving compensatory payments within organic farming could motivate farmers
to convert their farmlands to organic production for at least five years (Schneeberger et al.,
2002; Darnhofer et al., 2005). In addition to these monetary and political drivers as well as
social factors (including social influence, norms, nudges, etc.), could also help to influence
farmers’ decision-making processes (Lynne et al., 1988; Dessart et al., 2019; Streletskaya
et al., 2020). Indeed, the role of monetary and social forces is important to promote the
adoption of organic farming.

In today world, thanks to the development of online social network platforms, farm-
ers could easily connect to other farmers as well as several online farming organizations/groups.
In addition to the online network, most of farmers also belong to some offline networks,
such as a network of neighborhood farmers, friends and agricultural organization in the
local area (e.g., farmer’s association or cooperative, etc.). Hence, networks could be an ef-
fective source to diffuse information to farmers and thus help to motivate them to behave
positively toward organic farming. For instance, several studies suggested that farmers
are more likely to acquire information about dairy farming within their interpersonal so-
cial network to enhance their learning and productivity (Sligo and Massey, 2007). Some
other studies suggested that frequently communicating/discussing with other neighbor-
hood farmers could significantly help to promote organic farming adoption (Läpple and
Van Rensburg, 2011; Unay Gailhard et al., 2015).

Through discrete choice experimental design, our study aims to investigate farmer’s
preferences as well as their willingness to pay to adopt organic farming. In particular,
we aim to provide better understanding about how various market factors (including
sale contracts and logo with traceable code) and non-market factors (including role of
networks, leaders and training) could drive farmers’ decisions toward organic farming,
using a discrete choice experiment with 586 farmers in Northern Vietnam. Our results
suggest that sale contracts with either flexible or guaranteed prices are a major compo-
nent explaining farmers’ willingness to adopt organic farming. Moreover, “training and
technical advice" and “traceability" are also prominent factors that can be used to motivate
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farmers to move toward organic agriculture. Finally, non-market factors including “neigh-
bor" and “leadership" attributes are also important and need to be taken into account by
policymakers and future research because it could help to prioritize between programs
targeting on individual farmers or neighborhood networks to effectively promote the pro-
environmental behavior change. However, our results suggest that “informal leader" is
the only attribute that is statistically significant. This could be because farmers in Viet-
namese rural area mainly rely on their formal leaders to receive information as well as to
have practical lessons about organic farming.

The remainder of the paper is structured as follows. The background for the study
and the literature review are explained in Section 2. Section 3 summarizes our choice
experimental design, data collection, and farmers’ main characteristics. Section 4 describes
the econometric model. Section 5 discusses the main estimation results. Discussion and
conclusion are provided in Section 6.

5.2 Background and literature review

5.2.1 Organic farming in Vietnam

Most of Vietnamese farmers are in a conventional farming scheme, in which they highly
depend on the use of chemical pesticides and fertilizers. However, this type of farming
technique is recognized as unsustainable, even it helps to provide farmers with higher
yield as well as higher profit from farming (Berg, 2002). In fact, synthetic substances are
easy to be used and require low labor inputs (i.e., labor capital) (Richter et al., 2015). The
consequences of synthetic substances are, however, irreversible. For instance, the pesti-
cide overuse tends to increase insect resistance, and thus in the long-run it leads to serious
impacts on farmers’ as well as consumers’ health (Berg and Tam, 2018). Moreover, the
surrounding environment could also be seriously threatened (i.e., environmental degrada-
tion). Consequently, the negative effects of chemical inputs would lead to reverse impact
on the yield, such as decreasing productivity and profit (Berg and Tam, 2018).

In this perspective, Integrated Pest Management (IPM) was introduced as a method
for regulating the use as well for management of insect pesticides on the field. Some stud-
ies indicated that this method helps farmers to reduce the use of pesticide inputs (Berg,
2002). However, it has been evaluated as being unsuccessful in Vietnam as the use of
pesticides has continued to increase in farming practices (Hoi et al., 2016). One study sug-
gested that Vietnamese farmers do not follow the correct practices required for pesticides
and fertilizers in the field (Toan et al., 2013). This causes a severe chemical contamination
in soil and surface water, especially "ready-to-drink" sources. Thus, people living in the
surrounding area, are under the health risk in consuming polluted water (Toan et al., 2013;
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Richter et al., 2015). For instance, health problems relating to pesticide and fertilizer expo-
sure have affected around two million Vietnamese farmers (Thai et al., 2017). Vietnamese
consumers are more and more concerned about food safety since there were 5,552 case of
food poisoning and 23 related deaths in 2015 (World Bank, 2016). However, the govern-
ment is facing difficulties in managing and regulating those pesticide practices (Van Hoi
et al., 2013).

In 1995, Vietnamese government issued “safe vegetable" program to overcome food
problem (Mergenthaler et al., 2009; Thai et al., 2017). The objective of this program was to
build some safe farming practice and label for vegetable products. However, the quality
control and labeling were less reliable and without any standard process (Mergenthaler
et al., 2009). As a result, the government introduced a new program which is known as
Vietnam Good Agricultural Practices (VietGap) in 2008. VietGap is a Vietnamese stan-
dard with a legal regulation system and standardized requirements in agricultural prac-
tice, adjusted from Good Agricultural Practices (Chau and Anh, 2015; Thai et al., 2017).
A certification is given to farmers who strictly follow the VietGap’s guideline. The Viet-
Gap scheme has shown some positive impacts on farmer’s health and productivity (Chau
and Anh, 2015). However, after 10 years of implementation, there are only around 81,500
hectares of farming land allocating to VietGap, representing 0.2 percent of the total agri-
cultural land (Pham et al., 2009; Thai et al., 2017). The reasons are due to some weaknesses
in policy implication, unreliable certification process and distrust from consumers (Pham
et al., 2009; Thai et al., 2017). Therefore, there is still a need for appropriate agricultural
policy.

In 2017, there were around 58,018 hectares for organic agriculture which accounts for
0.5 percent of total agricultural land. This figure is lower than the one in 2015 (76,666
hectares) (Willer and Lernoud, 2019). However, Vietnam is one of the top ten countries
with largest organic aquaculture production in the world, with 10800 metric ton in 2016
(Willer and Lernoud, 2019). In term of organic production, in 2016, Vietnam had 10,150
organic producers and the organic agricultural product market develops gradually in Viet-
nam (Willer and Lernoud, 2019). On the other hand, Vietnamese consumers consider the
organic food as healthy and safety so they are willing to pay premium price for organic
products (Truong et al., 2012). However, Vietnamese consumers are not familiar with or-
ganic food label as well as certification because until recent years, there is no official na-
tional organic certification or label (My et al., 2017). As a result, in 2018, Vietnamese gov-
ernment issued an official document for the practices of organic agriculture, which aimed
to provide a legal framework and guideline for organic practices (Willer and Lernoud,
2019).

In addition to the national certification, there are also two other available certifying
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systems in Vietnam: (1) Participatory Guarantee System (PGS) and (2) Third-party certi-
fying organization. On the one hand, the PGS is developed by IFOAM - Organic Interna-
tionals certifying system for smallholder farmers. A group of farmers forms a team and
commit to the PGS guideline in agricultural production. Every year, the team evaluates
each member and certifies that whether members have fulfilled the requirements or not.
In Vietnam, there are seven PGS teams that are certified by International Federation of Or-
ganic Agriculture Movements (IFOAM - International organization). On the other hand,
third-party certifying organization is the certification process for international standards
such as USDA in US and EU-Bio in European Community. This certification is however
only applied to large-scale Vietnamese farmers or industries.

5.2.2 Discrete choice experiment and organic farming

The discrete choice experiment (DCE) is an experiment based on a repeated individual
choice to be done among different hypothetical scenarios which is differentiated by the
level of some attributes and the scenario of the status quo. The advantage of this methodol-
ogy is the possibility to estimate the marginal willingness to pay for each attribute (Chèze
et al., 2020). Choice experiment is an appropriate method for conducting research on how
different attributes influence farmers’ adoption to new technology (Espinosa-Goded et al.,
2010; Jaeck and Lifran, 2014; Kwanmuang et al., 2018). The choice experiment model can
be used to test whether financial burdens or some labor force prohibit farmers’ decisions
or not (Kwanmuang et al., 2018). The DCE is also applied to calculate the willingness
to pay or the willingness to accept in participating in some agricultural schemes (Schulz
et al., 2014; Diederich and Goeschl, 2014). Adoption of organic farming requires farmers
to change their habits in using less or even no pesticides and fertilizers. From farmer’s
perspective, reducing the use of pesticides and fertilizers could increase the risk of pro-
ductivity loss (Chèze et al., 2020). Therefore, farmers who are willing to adopt organic
farming require a certain guarantee in order to compensate the risk.

Several studies suggested that farmers are often uncertain about markets for and
prices of the organic products (Jaeck and Lifran, 2014; Van den Broeck et al., 2017). Sale
contracts of organic foods (with either flexible or fixed prices) are a solution to overcome
the uncertainty of organic agriculture adoption (Greiner, 2016). Payment in terms of addi-
tional cost for the adoption is also an important determinants of organic farming adoption
(Greiner, 2016; Villanueva et al., 2015). Farmers often have information about the cost of
conventional farming, but they are uncertain about the cost of organic farming. Farmers’
decisions to adopt organic farming are not only constrained by economics factors but also
by non-economic ones. Influence of social acceptance on the adoption of farmers on or-
ganic farming is important and needs to be taken into account (Daxini et al., 2018). In
their study, the authors found out that Irish farmers observe other farmers’ behaviors and
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then consider the adoption to organic farming or not (Läpple and Kelley, 2013). Based on
the Theory of Planned Behavior (Ajzen, 1991), the change in behavior depends partly on
farmer’s understanding. The knowledge and know-how in adoption to organic farming
are also important to them. Farmers also need information and training to adopt organic
vegetable (Adebayo and Oladele, 2013). Without proper information, there can be resis-
tance to adoption (Bessette et al., 2019). In the model of new technology adoption, tem-
poral issues can play a role in the sense that some farmers will adopt earlier than others.
These farmers are called “opinion leaders". Opinion leaders influence on their followers
by giving some information on the quality of adoption (Padel, 2001).

In addition to these important determinants, farmer’s socio-demographic characteris-
tics, the size of farming land (i.e., large-scale or smallholder farmers) and farmers’ attitudes
toward the environment can also help to explain farmers’ decisions to adopt organic farm-
ing (Padel, 2001; Darnhofer et al., 2005; Läpple and Van Rensburg, 2011; Pilarova et al.,
2018). In the study of the determinants of sustainable agriculture adoption in Moldova,
the authors concluded that farmers’ household characteristics (e.g., age, number of chil-
dren, number of adults, etc.) and farm size are important factors that influence farmers to
adopt the sustainable agriculture (Pilarova et al., 2018). In addition, farmers’ awareness
and concern about the environment and the consequences from farming activities have
positive impacts on the adoption on sustainable agriculture (Zeng et al., 2019).

5.3 Choice experimental design

5.3.1 Attributes

Our choice experiment offers to respondents with multiple choice scenarios. Each time
involving a hypothetical situation, farmers were asked to choose one among three options:
two “organic farming" alternatives (option 1 and 2) and a “status quo" alternative in which
farmers decided to choose neither organic option 1 nor 2. The two alternative “organic"
options are described by a number of different attributes.

The selection of attributes in our study is not only based on the literature review, but
also discussions with experts in Vietnam. Before the experiment, we conducted a discus-
sion with several experts from agricultural sectors and NGOs. Following the discussion,
these experts suggested that two attributes “subsidies for organic farming" and “inspec-
tion or control" were discarded based on multiple criteria. Therefore, our study introduces
six remaining attributes affecting on the choice of farmers to organic farming: (1) Training
and technological advice, (2) Sale contract, (3) Traceability, (4) Neighbor, (5) Leadership,
and (6) Additional cost per unit. Each attribute contains different levels for building sce-
narios.
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Table 5.1: Attributes, their levels and experimental design in the choice experiment.

Attributes Attribute levels

Training and technical
advice

Without lesson.1

With lessons.

Sale contract No contract.1

Contract with guaranteed price.
Contract with flexible price.

Traceability Logo without traceability.1

Logo with traceability.

Neighbor No neighbor producing organic.
Other neighbors producing organic.

Leadership No leader producing organic.1

Formal leader producing organic.
Informal leader producing organic.
Both formal and informal leader
producing organic.

Additional cost per unit 0%1 / 10% / 30% / 60% / 100% /
150%.

Experimental design
Design approach Fractional factorial orthogonal design.

Alternatives Two hypothetical alternatives (option 1 and 2) and one
status quo alternative.

Blocks 3 blocks.

Choice tasks 10 choice tasks per block.

Notes: 1 is baseline category.
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Our experiment firstly aims to analyze farmers’ preferences for organic farming, pre-
sented by the first attribute “Training and technical advice". This is defined as practical
lessons delivered freely to farmers in order to improve their knowledge about organic
farming as well as about organic farming practices. In addition to the “Training", farmers
would have technicians or specialists in the local area to help them with technical advice
in doing organic farming. Secondly, the sensitivity to different sale contracts in organic
farming, presented by the attribute “Sale contract". This is defined as a sale contract be-
tween farmers and buyers. The buyers could be the retailers (supermarkets, companies),
cooperatives or direct consumers. We would have two different types of contracts: a con-
tract with fixed/guaranteed prices and a contract with flexible prices. Thirdly, the exper-
iment also includes attribute “Traceability", which is a traceable code going along with
the organic logo on each organic product. Traceable code on organic products not only
helps consumers to easily distinguish between organic products and non-organic ones,
but also indicates that farmer’s products have already gone through strict quality control.
Fourthly, the two last attributes “Neighbor" and “Leadership" indicates that there is the
presence of organic neighborhood farmers and leaders in the village. Finally, the “cost"
attribute which is a major element using to capture farmers’ willingness to pay for organic
farming. The cost includes 6 levels which are in terms of percentage increase in production
cost, 0%, 10%, 30%, 60%, 100%, 150%. The additional cost per unit is used to capture more
accurately farmers’ willingness to pay because farmers in different areas often produce
different types of agricultural products and even farmers who produce the same type of
products may also have a very different production cost. The detailed information about
attributes and their levels is reported in Table 5.1.

5.3.2 Experimental design

Our discrete choice experiment is based on a fractional factorial orthogonal design, which
contains 30 choice tasks divided in three blocks of 10 choice tasks (Table 5.1). The values of
attributes describing the two alternative organic options, varied across every choice task.
The choice experiment was conducted through face-to-face IPad-assisted interviews. In
particular, respondents were invited to select their favorite farming option among three
alternative options (i.e., two alternative organic options and one “status quo") across the
different choice tasks. There were several assistants during the experiment to help re-
spondents on the IPad. The experiment started with the definition of organic farming as
follows:

“Organic agriculture is a production method that excludes the use of most
chemicals (such as pesticides and fertilizers often used in conventional agri-
culture since the beginning of the 20th century), GMOs (Genetically Modified
Organisms) and crop preservation by irradiation. Organic farming contributes
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to reducing environmental impacts (for example, by reducing water pollution
and protecting soil fertility, etc.) and improving food quality."

Before delivering the choice card to respondents, each assistant explained to farmers
the detailed definition of each attribute. There were two choice card examples giving to
farmers to test their understanding of the experiment. Before making their choices, there
was an information giving to each farmer as follows:

“This experiment aims to gain a deeper insight into farmers’ interests in or-
ganic farming in the future. In order to do this, in the next step, we will in-
troduce to you several farming scenarios and in each scenario, we invite you
to select your most favorite farming management of your agricultural land for
the next 5 years. Note that your answers are very important to us, thus we in-
vite you to carefully consider your decisions whether to cultivate and continue
to cultivate organic farming or not, based on different assumptions of “train-
ing and technical advice", “sale contracts with guaranteed or non-guaranteed
prices for 5 years", “product traceability", “organic agricultural production de-
cisions of your neighbors", “organic agricultural production decisions of your
leaders, and the cost of organic farming". "

There were totally 10 choice cards, for which each respondent was invited to choose
their preferred alternative. There were also two additional choice card, used as examples
to test the farmers understanding of the experiment (see Figure 5.1 for an example of the
choice card).3 In each choice card, respondents had to choose one most preferred farming
option among two organic farming and one status quo (i.e., “no change" or “I prefer the
current farming situation") situation. The status quo option represents the current farming
situation, meaning that respondents were not doing organic farming. Totally, 17,580 valid
observations were collected from 586 farmers and were used for the empirical analysis.

In addition to the primary experiments, we also collected information from partic-
ipants on a variety of socio-demographic characteristics. In particular, we collected in-
formation on age, gender, farm size, household size, type of residence, individual and
household income, health, level of education, marital status, number of children in the
household, individual attitudes toward risks, attitudes toward the environment via NEP
questionnaires and perception of the adoption of organic farming. The detailed descrip-
tive statistics are presented in next Section.

3A Vietnamese version of the choice card is reported in Figure 5.2 in Appendix.



240
Chapter 5. Farmers’ preferences towards organic farming: Evidence from a choice

experiment in Northern Vietnam

Figure 5.1: Example of choice card (in English).

5.3.3 Data

Our data were collected from a choice experiment, carried out among farmers who were
not doing organic farming in 31 different villages in Northern Vietnam. The data collection
was conducted in August 2019 with 8 villages, in November 2019 with 11 villages and
from December 2019 to January 2020 with 12 villages. There were totally 596 farmers,
participated in the choice experiment (see the map of the experimental areas in Figure 5.3
in the Appendix). However, we finally obtain only 586 valid survey answers in total. There
were 10 invalid observations removed from the dataset because of missing information
about the respondent’s current production cost. Note that the current production cost is
an important element, which is required for calculating the “cost" attribute and estimating
the willingness to pay. The experiments were conducted with farmers in the village using
IPad. There were several assistants in the field to help farmers to use the IPad.

The experiment consists of four different parts. The first part of the experiment in-
cludes some warm-up questions, which is designed to obtain information about farmers’
current farming situations and their situations in past related to organic farming. The sec-
ond part addresses to the choice experiment, which includes 12 choice cards. Note that
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the first two choice cards were used as examples for respondents to better understand the
choice experiment. The third part of the experiment is designed to obtain information
about farmers’ production activities (e.g., main agricultural products, production cost,
etc.). The last part is designed to obtain information about farmers’ socio-demographic
characteristics, their lifestyles and attitudes toward the environment and perception of or-
ganic farming. In addition to farmers’ socio-demographic characteristics, we also elicit
information on a number of environmental concerns via 15 NEP questionnaires to help
us identify farmers’ perceptions of the environment (see the details of the NEP question-
naires in Table 5.7 in Appendix) (Dunlap et al., 2000). There are also several questions
related to environmental concerns asked in order to capture farmers’ opinions, attitudes
and concerns toward the environment. All questionnaires will be available in Supplemen-
tary Materials. Detailed summary statistics are reported in Table 5.2.

5.4 Econometric model

In this section, we briefly discuss about how Random Parameter Logit (RPL) and Hybrid
Choice Model (HCM) structures are applied to study farmer’s preferences towards or-
ganic farming (McFadden, 1973; Ben-Akiva et al., 2002; Bolduc and Alvarez-Daziano, 2010;
Anastasopoulos and Mannering, 2011). In a standard Random Utility Model (McFadden,
1973; Hensher, 1982), we consider that the individual i’s utility function for alternative n
in choice task t is given by:

Ui,n,t = Vi,n,t + εi,n,t, (5.1)

where, Vi,n,t is the deterministic component of i for alternative n in choice task t and εi,n,t

is the error component (i.e., random component) of the utility function.

Let xi,n,t be a set of observable attributes of the alternative n and zi be a set of respon-
dent i’s socio-economic characteristics (e.g., income, age, education, etc.). In a traditional
model, we have Vi,n,t = f (xi,n,t, zi, β) with f (.) be a linear-in-attribute specification. The
two organic farming option Vi,n,t for n = {1, 2} are written as follows:

Vi,n,t = µASC ASCi,n,t + βc(πi + πici,n,t) +
L

∑
l=1

βl Attributei,l,n,t +
S

∑
s=1

γs ASCi,n,t ∗ Controli,s.

(5.2)

It should be noted that our experiment is the unlabeled choice experiment (i.e., the
two organic alternatives are unlabeled). In order to capture the unobserved influences on
the utility function, let’s ASCi,n,t be the Alternative Specific Constant which is a dummy
variable taking value 1 if the organic alternatives are chosen. Thus, parameter µASC be
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the Alternative Specific Constant, which is a coefficient of the dummy variable ASCi,n,t.
The control variables Controls including a set of S socio-economic variables (e.g., farmer’s
characteristics, individual income, etc.). πi is the unit cost of farmer i associated with the
current production. ci,n,t is the levels of additional costs of alternative n farming compared
to the current production. πici,n,t is farmer i’s additional costs relative to the adoption of
alternative n. πi + πici,n,t is then the total cost of adopting alternative n organic farming.
Attributel is a set of L attributes including training and technical advice, sale contract,
traceability, neighbor, and leadership.

The utility function of choosing the status quo is denoted Vi,3,t (i.e., n = 3 represented
for the status quo) can be written as follows:

Vi,3,t = µ0 + βcπi. (5.3)

Random Parameter Logit Model

Following the existing literature, we assume that the errors are independently and iden-
tically distributed with an extreme-value, leading to a logistic form for the probability
of choosing alternative j (Hynes et al., 2005; Anastasopoulos and Mannering, 2011). How-
ever, differently from the literature, as the unit cost was collected after the choice sets in our
experiment, there are three ways to estimate the model. Firstly, we directly estimate (5.2)
by using a conditional logit (CL) model based on total costs πi + πici,n,t, other attributes,
and the ASC indicator. This regression gives estimates for µASC, βc, βl , γs. Secondly, there
could be some inconsistency or error in the amount of declared production costs πi, as
well as heterogeneity in individual preferences that could influence respondents’ deci-
sions. Consequently, our estimation should account for this by rewriting Equation (5.2) as
follows:

Vi,n,t = µASC ASCi,n,t + β̃c(πi + πici,n,t) +
L

∑
l=1

β̃l Attributei,l,n,t +
S

∑
s=1

γs ASCi,n,t ∗ Controli,s.

(5.4)

This corresponds to a model with parameter heterogeneity (or random parameter) asso-
ciated to attribute variables. Its estimation requires an additional assumption about this
heterogeneity, i.e.

β̃c = β̄c + ηc (5.5)

β̃l = β̄l + ϑl (5.6)

with ηc ' N (0, σ2
βc
) and (ηc, ϑl)

′ ' N (0, Ω), where Ω is the variance-covariance matrix
of dimensions K + 1 (which is the total number of levels in the attributes). The random
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parameter logistic (RPL) regression gives estimates for β̄c, β̄l , µn and γ.

Hybrid Choice Model

We consider that respondents’ decisions in adoption of organic farming are also influenced
by their concerns about the environment (i.e., attitudes towards the environment) in Table
5.7 and perceptions of the adoption of organic farming in Table 5.3. Let Ii be a set of
respondent i’s attitudes towards and perceptions of the adoption of organic farming (i.e.,
indicators of respondent i’s attitudes and perceptions). Existing literature indicated that
the simple inclusion of Ii in Vi,n,t is theoretically misguided and could lead to problems
with measurement error because questions about attitudes, concerns and perceptions are
not direct measures of such attitudes, concerns and perceptions (Ben-Akiva et al., 2002;
Bolduc and Alvarez-Daziano, 2010). Another reason is because of the risk of endogeneity
bias since there is likely to be correlation between Ii and other unobserved factors εi,n,t

influencing respondent i’s behavior.

Hybrid Choice Model (HCM) is an approach, developed to deal with these problems
by seeing Ii as a dependent variable rather than an explanatory variable. In particular,
in the HCM model, we hypothesize that the true underlying individual attitudes, con-
cerns and perceptions are described as a set of k unobserved latent variables, namely LVi,k.
These latent variables (LVs) could influence respondents’ responses to the attitudinal and
perceptional questions, as well as drive respondents’ behaviors in the actual choice situa-
tions. More specially, we have the latent variables for respondent i (i.e., structural equation
for latent variable) that are given by:

LVi,k =
S

∑
s

γLVk ,szi,s + ξi,k, (5.7)

where, zi,s is a set of S socio-demographic variables of respondent i (e.g., age, gender,
income, etc.) (all of the control variables are reported in Table 5.2), γLVk is k vector of esti-
mated parameters capturing the impacts of socio-demographic variables on LVi,k and ξk is
a random disturbance which follows a standard Normal distribution across individuals,
ξk ' N (0, 1). In our model, we include two latent variables (including environmental
concerns and perceptions of the adoption of organic farming), described by several atti-
tudinal and perceptional indicators (see Table 5.7 for 15-NEP questions and Table 5.3 for
four perceptional questions).

As previously discussed, the latent variables LVi,k are also used to explain the val-
ues of the indicators of attitudes and perceptions for respondent i (i.e., the measurement
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component for the indicators).

Ii,k = ηIk + h(LVi,k, ζ Ik) + ψIi,k , (5.8)

where, the functional form h() is left to the analyst to decide, but generally, a linear spec-
ification is used, η is a vector of constant, ζ is a vector of estimated parameters showing
the impact of the k latent variables on various indicators and ψ is a random disturbance.
Since the indicators Ii,k are categorical variables (i.e., 5-Point-Likert scale items), Equation
(5.8) can be estimated using ordinal regression (i.e., Ordered Logit Model) to capture the
discrete-ordered nature of the items (Daly et al., 2012). The likelihood of the observed
sequence of answers to the attitudinal and perceptional questions, LIi,k , can be written as
follows:

LIi,k(ζ Ik , τIk , LVi,k) = ∏
Ik

(
eτj,Ik

−ζ Ik LVi,k

1 + eτj,Ik
−ζ Ik LVi,k

− eτj−1,Ik
−ζ Ik LVi,k

1 + eτj−1,Ik
−ζ Ik LVi,k

)
, (5.9)

where, τ is a vector of threshold parameters for the indicators in the Ordered Logit Model.

In addition to the measurement component, we also have the choice model compo-
nent, where the latent variables are incorporated into the utility specification. Specially,
we have the utility function as follows:

Vi,n,t = (µASC + λkLVi,k)ASCi,n,t + β̃c(πi + πici,n,t) +
L

∑
l=1

βl Attributei,l,n,t (5.10)

+
S

∑
s=1

γs ASCi,n,t ∗ Controli,s,

where, λ is a vector of estimated parameters measuring the impact of the k latent variables
on respondent’s utility. In particular, we would have the likelihood of observed sequence
of Ti choices for person i as follows:

LCi(βi, γi, LVi,k) =
Ti

∏
t=1

eVi,n,t

∑3
j=1 eVi,j,t

, (5.11)

where, βi and γi are groups of random and deterministic components, respectively.

Consequently, the Hybrid Choice Model is made of two key components including
measurement components and choice model components. Both of these components de-
pend on the latent variables LVi,k, which are estimated simultaneously. It should be noted
that sequential estimation is possible, but it could result in a loss of efficiency. Thus, we
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have the combined log-likelihood as follows:

LL(Ω) =
N

∑
i=1

log
∫

βi

∫
LVi,k

LCi(βi, γi, LVi,k)LIi,k(ζ, τ, LVi,k) f (βi)g(LVi,k)dβidLVi,k, (5.12)

where, Ω = {µ, β, γs, γLV , ζ, λ} combines all model parameters; LCi is the likelihood of
observed sequence of choices for person i; LIi,k is the likelihood of the observed sequence
of answers to the k attitudinal and perceptional questions. The Log-likelihood requires
the integration over the distribution of βi and αi and thus this explains the presence of the
density function f (βi) and g(LVi,k).

Willingness to pay estimates

When estimates for parameters of the model are available, we can calculate the marginal
willingness to pay (WTP) for each of the attributes to pass from the state 3 (i.e., status
quo) to the alternative n (i.e., two alternative organic option n = {1, 2}) (Hanemann, 1984;
Hanley et al., 2001). We have the marginal WTP estimate is given by:

WTP = − 1
βc

log
[

∑i exp(Vi3)

∑i exp(Vin)

]
, (5.13)

where, βc is the coefficient of the cost attribute.

In traditional model, βc which is directly obtained by the regression based on total cost
variable. In reporting the willingness to pay for attribute n (i.e., WTPn), the log expression
in Equation (5.14) simplifies to the coefficient of this attribute, giving WTPn = −βn/βc.

However, when the random parameter associated to the k attributes β̃k for k = {n, c},
assumed to be log-normal distributed, we can estimate the WTP of the n attribute by

WTPn = − β̃n

β̃c
= − exp(bn)

exp(bc)
, (5.14)

where, β̃k ' exp(bk) and bk ' N(µk, σ2
k ) (Meijer and Rouwendal, 2006). Thus, WTPn is

lognormally distributed, WTPn ' LN(µ̃n, σ̃2
n), where µ̃n = µn − µc and σ̃2

n = σ2
n + σ2

c .
For any k = {n, c}, the mean µk and standard deviation σk can be estimated from the
random-coefficient model. From the mean and the standard deviation of the lognormally
distributed WTPn, one can calculate the mean, median and standard deviation of the WTP
values (i.e., WTP space) (Hole, 2008; Train, 2009). Moreover, when the random parameter
associated to the k attributes β̃k for k = {n, c}, are normally distributed (N(0, σ2

k )), we can
simply calculate the mean WTP by E(WTPn) = −β̄n/β̄c (see Equations (5.5) and (5.6) for
the assumptions about the parameter heterogeneity).
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5.5 Estimation results

5.5.1 Descriptive statistics

The descriptive statistics of socio-economic characteristics, individuals’ concerns about
the environmental and their perceptions of adoption of organic farming are presented in
Table 5.2. The socio-economic control variables include: Types of agricultural products in-
clude three dummy variables (Rice, Vegetables, and Others) that take a value of 1 if farm-
ers mainly produced rice, vegetables and other types of products, respectively; Female, a
dummy that takes a value of 1 if the farmer is female; Age is the log of individual age;
Education is a category variable that takes the value of 1, 2 or 3 if the individual level of
education is below secondary school (grade 6 to grade 9), or below vocational school (1 to
2 years after high school), or college and university; Health is a category variable that takes
the value of 1, 2 or 3 if the individual has bad health, good health or very good health, re-
spectively; Income is a category variable that takes a value 1 if the individual is in the low
income group (monthly earnings < 4 million VND), a value of 2 if the individual is in the
middle income group (monthly earnings from 4 to 8 million VND) and a value of 3 if the
individual is in the high income group (monthly earnings > 8 million VND); Farmsize is
the log of household farmer’s farming land (in m2).

In addition to the socio-demographic control variables, the psychological control vari-
ables include: NEP score is the aggregate score of individual 15 New Environmental Paradigm
questions (Table 5.7 in the Appendix) and Perception score is the aggregate score of four
items related to farmers’ perceptions of the adoption of organic farming in Table 5.3. Total
NEP score is the aggregate score of 15 NEP questions (in Table 5.7 in the Appendix), in
which the Cronbach alpha is equal to 79.02% and the questions number 2, 4, 6, 8, 10, 12
and 14 (even number questions) are reversely coded (Cronbach, 1951). While, the NEP
score variable is used to capture respondents’ environmental concern, the Perception score
measures respondents’ perceptions of the adoption of organic farming, which is an aggre-
gate score calculated using four 5-Point-Likert scale items (see Table 5.3).

According the statistics reported in Table 5.2, a majority of farmers in our sample pro-
duced rices (45.39%) and vegetables (33.62%). The rest of farmers produced fruits, corns
and other types of agricultural products. The average production cost over three different
types of agricultural products was about 5,843 VND/kg.4 Farmers were, on average, 51
years old, ranging from 18 to 74 years old. There were 66% of female farmers in our sam-
ple. A majority of the farmers in the sample was smallholder farmers with the average
farm size of 4,221 m2. Farmer’s education level is mainly below high school, with only 6%
of them graduated from college or university. About 78% of farmers in our study indicated

4equivalent to about 0.25 USD/kg.
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that they had a good health. Most of farmers belonged to the low income group since their
monthly income was a below 4 million VND5. Only 7% of farmers told us that they had a
high monthly income, which is higher than 8 million VND/month.

Table 5.2: Summary statistics of survey respondents (N=586)

Mean Std.Dev Min Max
Types of agricultural products
Rice 0.45 0.49 0 1
Vegetables 0.33 0.47 0 1
Others 0.21 0.40 0 1

Production cost (VND/kg) 5,843.81 4,316.78 500 46,723

Female 0.66 0.47 0 1

Age (yrs) 51.30 11.67 18 74
Age (in log) 3.90 0.25 2.89 4.30

Education
High school 0.27 0.44 0 1
College/University 0.06 0.23 0 1

Health
Good 0.78 0.41 0 1
Very good 0.17 0.37 0 1

Individual income
Middle 0.29 0.45 0 1
High 0.07 0.25 0 1

Farm size (m2) 4,221.17 7,035.40 50 70,000
Farm size (in log) 7.79 0.96 3.91 11.15

NEP score 47.60 4.63 35 64
Perception score 15.1 2.35 4 20

Notes: Other agricultural products include fruits, coins and other types
of products.

According to our hypotheses discussed in previous section (see Equation (5.8) for the
measure model component), we define two latent constructs (LVConcern and LVPerception)
which are measured by two sets of indicators, Ii,k. The first set of of 5-Point-Likert scale
items measures the respondents’ concerns about the environment (LVConcern) (i.e., respon-
dents’ awareness about the environment), covering the 15 NEP questions in Table 5.7. The
second set of 5-Point-Likert scale items is used to capture respondents’ perceptions of the
adoption of organic farming (e.g., does the adoption of organic farming approve by other

5equivalent to about 167 USD/month.
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villagers, etc.). The four indicators used for the perception of the adoption of organic
farming are listed in Table 5.3.

For consistency with the choice model, we use the same socio-demographic charac-
teristics for the structural estimation of the two latent variables. In other words, we apply
a same set of controli,s presented in Equation (5.10) to zi,s presented in Equation (5.7), but
we exclude the two variables including NEP score and Perception score since in the Hybrid
Choice Model, we have to separately estimate respondents’ concerns and perceptions in
the measurement model component (see Equation (5.8)). The separate identification of the
parameters associated with the same characteristics (i.e., the parameters of controli,s and
zi,s) is ensured by the fact that for one of them, the value is driven by both the choice data
and the indicator variables.

Table 5.3: Descriptive statistics of perceptional variables (in percentage).
Item Description Strongly

dis-
agree

Disagree Unsure Agree Strongly
agree

Perceptions of organic farming
Perception1 Food safety problem was

seriously caused by abuse of
pesticides and fertilizers in
farming.

3.58 6.83 1.37 57.00 31.23

Perception2 It is useful for farmers to adopt
organic farming to protect the
environment and population
health.

2.39 0.68 1.37 66.21 29.35

Perception3 Adopting organic farming
practices is common in the
village.

7.85 23.04 14.85 46.76 7.51

Perception4 Most other villagers approve of
adopting organic farming
practices during the production.

2.39 9.56 20.99 58.02 9.04

Total Perception score Mean = 15.1 and SD = 2.35.
Cronbach’s alpha = 0.51

5.5.2 Results

Our results are first estimated using the Conditional Logit (CL) and Random Parameter
Logit (RPL) models. Estimation results for the CL and RPL models are reported in Table
5.4. In Table 5.4, Models (CL 1) and (CL 2) correspond to the utility function in Equa-
tion (5.2), which is estimated by the Conditional Logit with and without control variables.
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While Model (CL 1) is estimated without any control variable, Model (CL 2) is estimated
by taking farmers’ socio-demographic control variables into account. Because of identifi-
cation issue (i.e., respondent’s characteristics do not vary across choices), only interaction
terms between these control variables and the ASC (i.e., Alternative Specific Constant) can
be estimated. The ASC, which is code as a dummy taking a value of 1 if farmers preferred
the “organic farming" options to the “status quo". Hence, the estimation with relevant
interaction terms are presented in Model (CL 2), such as their interactions (Female, Age,
Farm size, Income, Education, Health, NEP score, Perception score and types of agricul-
tural products) with ASC. The Likelihood ratio test of Model (CL 1) and (CL 2) suggest
that Model (CL 2) with interaction terms is preferable with χ2(13) = 174.89 and p < 0.001.
Therefore, further econometric analysis should involve the model with interactions.

The three columns (RPL 1), (RPL 2) and (RPL 3) in Table 5.4 report the results of the
Random Parameter Logit (RPL) model. Model (RPL 1) corresponds to the model specified
by the utility function (5.4) and the heterogeneity in the “cost" attribute (5.5). Model (RPL
2) is similar to Model (RPL 1), but we take respondents’ socio-demographical variables
into account. Model (RPL 3) corresponds to the model, where the coefficients of all of the
attributes and the ASC include the random heterogeneity. We observe that the standard
deviations of majority of the attributes are statistically significant, except for the “Trace-
ability", “Neighbor" and “Leadership". This indicates that the RPL model controlling for
the heterogeneity of “ASC", “Cost", “Training" and “Sale contract" attributes, provides a
significantly better representation of choices than the conditional logit model in capturing
heterogeneity among respondents. The Likelihood ratio (LR) test of Models (RPL 3) and
(RPL 2) is equal to χ2(8) = 21.674 with p = 0.005. This suggests that the full Random Pa-
rameter Logit model with interaction terms (RPL 3) is preferable. The LR test also indicates
that Model (RPL 2) is preferred to Models (RPL 1), which suggests that the model with in-
teractions is preferred to the one without interactions (the test statistics is also reported in
Table 5.4).
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Table 5.4: Summary results of the Conditional and Random Parameter Logit models.

Variable Conditional Logit Random Parameter Logit

CL 1 CL 1 RPL 1 RPL 2 RPL 3

Mean estimation
ASC -0.723∗∗∗ -4.506∗∗∗ 4.913∗∗∗ -9.919∗∗∗ -15.275∗∗∗

(0.089) (0.849) (1.702) (3.329) (5.372)
Training and technical advice 0.685∗∗∗ 0.690∗∗∗ 0.894∗∗∗ 0.890∗∗∗ 1.350∗∗∗

(0.043) (0.043) (0.064) (0.063) (0.221)
Sale contract
With guaranteed price 1.003∗∗∗ 1.010∗∗∗ 1.405∗∗∗ 1.385∗∗∗ 2.089∗∗∗

(0.049) (0.050) (0.092) (0.087) (0.335)
With flexible price 0.963∗∗∗ 0.966∗∗∗ 1.085∗∗∗ 1.096∗∗∗ 1.529∗∗∗

(0.060) (0.060) (0.088) (0.086) (0.223)
Traceability 0.489∗∗∗ 0.493∗∗∗ 0.620∗∗∗ 0.615∗∗∗ 0.943∗∗∗

(0.044) (0.044) (0.070) (0.068) (0.175)
Neighbor 0.212∗∗∗ 0.218∗∗∗ 0.474∗∗∗ 0.457∗∗∗ 0.715∗∗∗

(0.045) (0.045) (0.080) (0.076) (0.155)
Leadership
Formal leader 0.664∗∗∗ 0.662∗∗∗ 0.449∗∗∗ 0.473∗∗∗ 0.572∗∗∗

(0.075) (0.075) (0.129) (0.123) (0.183)
Informal leader 0.409∗∗∗ 0.407∗∗∗ 0.205 0.224∗ 0.154

(0.078) (0.079) (0.138) (0.132) (0.219)
Both leaders 0.422∗∗∗ 0.423∗∗∗ 0.478∗∗∗ 0.472∗∗∗ 0.551∗∗∗

(0.063) (0.068) (0.103) (0.100) (0.154)
Cost -0.103∗∗∗ -0.106∗∗∗ -0.360∗∗∗ -0.340∗∗∗ -0.492∗∗∗

(0.006) (0.006) (0.042) (0.038) (0.093)
Std.Dev estimation
ASC 7.790∗∗∗ 6.115∗∗∗ 9.810∗∗∗

(1.911) (1.178) (2.337)
Cost 0.428∗∗∗ 0.395∗∗∗ 0.565∗∗∗

(0.062) (0.056) (0.120)
Training and technical advice 1.605∗∗∗

(0.444)
Sale contract
With guaranteed price 1.449∗∗∗

(0.538)
With flexible price 0.908∗∗

(0.436)
Traceability 0.197

(0.416)
Neighbor 0.097

(0.312)
Leadership
Formal leader 0.512

(0.383)
Informal leader 1.021

(0.852)
Both leaders 1.102∗∗∗

(0.421)
Mean estimation of interaction terms
ASC*Age 0.918∗∗∗ 2.908∗∗∗ 4.438∗∗∗

(0.141) (0.701) (1.170)
ASC*Middle income -0.171∗∗ -0.500∗ 1.046∗∗

(0.082) (0.303) (0.526)
ASC*Good health -0.538∗∗∗ -1.631∗∗ -2.351∗∗

(0.204) (0.702) (1.033)
ASC*Very good health -0.584∗∗∗ -1.861∗∗ -2.609∗∗

(0.219) (0.775) (1.148)
ASC*High school 0.163∗ 0.669∗∗ -1.588∗

(0.085) (0.324) (0.944)
ASC*Perception score 0.061∗∗∗ 0.216∗∗∗ 0.338∗∗∗

(0.014) (0.069) (0.120)
ASC*Rice 0.547∗∗∗ 2.181∗∗∗ 3.578∗∗∗

(0.091) (0.504) (1.009)
ASC*Vegetables 0.412∗∗∗ 1.645∗∗∗ 2.752∗∗∗

(0.096) (0.453) (0.863)

Observations 17,580 17,580 17,580 17,580 17,580
Log likelihood -5380.95 -5293.38 -5266.7 -5185 -5174.3
LR χ2(q) (2114, q=10) (2289, q=23) (2149.01 q=2) (2007.45, q=2) (2133.21, q=10)
p-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Note: Standard error in parenthesis. ASC stands for Alternative Specific Constant.
Control variables including Female, Farm size, High income, College/University, NEP score and Concern score, are significant at the
10% level.
LR test of RPL 1 and RPL 2: χ2(13) = 163.34 with p < 0.001. LR test of RPL 3 and RPL 2: χ2(8) = 0.005 with p = 0.005.
∗ p < 0.1; ∗∗ p < 0.05; ∗∗∗ p < 0.01.
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The results of both CL and RPL models suggest that the coefficients of all attributes
are statistically significant and have expected sign (i.e., only cost attribute has negative
sign, while the sign of other attributes are positive), expect for the “Informal leader" at-
tribute. Thus, farmers appreciate providing training and technical advice, supporting sale
contract, providing logo with traceable code (e.g., QR code), encouraging their neighbor’s
organic farming, as well as formal and both leaders’ organic farming to promote organic
agriculture. As expected, the cost attribute coefficient has a negatively significant impact
on farmers’ decisions which indicates that higher cost has a negative effect on respondent’s
utility. The results of Table 5.4 also suggest that ASC (i.e., Alternative Specific Constant)
is negative and significant after controlling for both the random and deterministic het-
erogeneity (see Model (RPL 3) in Table 5.4). The coefficient of the ASC is negative and
statistically significant at 1% level, meaning that farmers in our experiment valued posi-
tively the fact of staying in the “status quo" situation (i.e., farmers prefer the “status quo"
to the organic farming).

Hybrid Choice Model

In addition to the CL and RPL models, the Hybrid Choice Model (HCM) is presented
in order to enrich the underlying behavioral characterizations with the explicit modeling
of latent psychological variables (i.e., respondents’ concerns about the environment and
their perceptions of the adoption of organic farming) (Ben-Akiva et al., 2002; Bolduc and
Alvarez-Daziano, 2010). The estimation results of the HCM model (HCM 1) with one la-
tent variable “Perception" (LVPerception) are reported in Table 5.5, while Table 5.9 (in the
Appendix) presents the results of the Hybrid Choice Model (HCM 2) with two latent vari-
ables “Perception" (LVPerception) and “Concern" (LVConcern). The results are obtained using
simulation-based approach with 500 Halton draws to ensure the stability of the presented
results. Note that a more number of Halton draws is required in order to obtain a stable
estimation result. However, a too high number of draws could increase drastically the esti-
mation time because of the high number of observations, several different latent variables,
and a large number of random parameters.

The first part of the results in Tables 5.5 and 5.9 (in the Appendix) shows the estima-
tion of the choice model component, which is estimated using the combined log-likelihood
in Equation 5.12, allowing the heterogeneity of ASC and all of the attributes as previously
discussed in the RPL model (i.e., mixed logit estimation). The choice model is estimated
with the same set of control variables as in the CL and RPL models, except for the two
concern and perceptional score variables since we will estimate them separately in the
measurement component model. The right hand side of Table 5.5 and Table 5.9 (in the Ap-
pendix) represents the results of the coefficients (γ) of the structural equation of the LVs
defined in Equation (5.7) using the same set of control variables as in the choice model.
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The coefficients of the LVs (ζ) of the measurement component for the four indicators and
the threshold parameters (τ) (i.e., four threshold parameters per indicator should be esti-
mation since we have 5-Point-scale dependent variable) are estimated using the Ordered
Logit Model, which are reported in the last part of Table 5.5. Note that in the case of the
presence of two latent variables, the coefficients (ζ) and threshold parameters (τ) of each
LV on 19 indicators (i.e., 15 NEP and four perceptional indicators) should be estimated.
The results are reported in Table 5.9 in the Appendix.

A comparison of Tables 5.4 and 5.5 leads to the following conclusions. The result
of the HCM confirms that the ASC has a negative and statistically significant impact on
respondents’ choices. It suggests that farmers generally seem to be less willing to move
towards organic farming (i.e., they prefer the “status quo" to the organic farming options).
We find that the major reason that Vietnamese farmers do not prefer “status quo" alter-
native, is not because they are not interested in organic farming, but because there is lack
of subsidies and information related to organic agriculture. From our follow-up survey,
we observe that there were total about 7% of farmers always choosing the “status quo"
option. A majority of these farmers said that they do not prefer organic farming alterna-
tives because they believe that there is no neighbor doing organic farming (37.21%), lack
of sufficient information related to organic farming (34.88%), lack of subsidies from the
government (27.91%), and it is too difficult to market organic products (25.58%).

The estimates of the coefficients of the attributes in the Model (HCM 1) are more or
less close to the results of the RPL model. We observe that all attributes are positive and
statistically significant, while the “cost" attribute has a negative and significant impact of
respondents’ choices, as we expected. However, the results of both Tables 5.4 and 5.5 con-
firm that the “Informal leader" is the only attribute which is not statistically significant at
the 10% level. The “Informal leader" attribute is defined as the presence of informal leaders
(e.g., religious leaders or the most successful farmers in the village, etc.) in the village who
is doing organic farming. This means that the presence of organic informal leaders could
not significantly influence farmers to behave positively toward organic farming. While
informal leaders have no significant effect on organic farming adoption, the presence of
formal and of both leaders play important role in promoting organic farming. It should
be noted that, unlikely people living in the cities, people who live in the Vietnamese rural
areas often have close ties/connections, not only to their informal leaders but also to the
formal leaders. However, farmers in the rural areas in Vietnam often rely on their formal
leaders (e.g., village leaders or a president of farmer’s association, etc.) to obtain infor-
mation, knowledge as well as practical lessons about organic farming. As a result, they
prefer to have either formal leaders or both formal and informal leaders in their villages
to motivate them to move towards organic farming (Pielstick, 2000; Sleeth-Keppler et al.,
2017).
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Table 5.5: Summary results of the Hybrid Choice Model with “Perception" latent vari-
able.

HCM 1

Variable Coef. Variable Coef. Variable Coef.

Choice model component Socio-demographic variables on LV “Perception" LV “Perception" on its indicators
ASC -9.965∗∗ γPerception,Female 0.145 ζPerception,1 1.192∗∗∗

(5.171) (0.125) (0.371)
Training and technical advice 1.008∗∗∗ γPerception,Age 0.743∗∗∗ τPerception,11 0.997

(0.075) (0.252) τPerception,12 2.234
Sale contract with fixed price 1.546∗∗∗ γPerception,FarmSize 0.103∗∗ τPerception,13 2.386

(0.101) (0.049) τPerception,14 5.825
Sale contract with flexible price 1.223∗∗∗ γPerception,MiddleIncome 0.122 ζPerception,2 2.905∗∗∗

(0.095) (0.138) (0.659)
Traceability 0.662∗∗∗ γPerception,HighIncome 0.110 τPerception,21 5.196

(0.077) (0.314) τPerception,22 5.560
Neighbor 0.441∗∗∗ γPerception,GoodHealth -0.045 τPerception,23 6.119

(0.065) (0.411) τPerception,24 13.622
Formal leader 0.516∗∗∗ γPerception,VeryGoodHealth -0.090 ζPerception,3 0.599∗∗∗

(0.116) (0.459) (0.220)
Informal leader 0.177 γPerception,HighSchool 0.444∗∗∗ τPerception,31 -0.184

(0.124) (0.156) τPerception,32 1.522
Both leaders 0.414∗∗∗ γPerception,College 0.914∗∗∗ τPerception,33 2.193

(0.098) (0.344) τPerception,34 5.065
Cost -0.335∗∗∗ γPerception,Rice -0.030 ζPerception,4 1.181∗∗∗

(0.028) (0.160) (0.369)
λLVPerception

0.762∗∗∗ γPerception,Vegetable -0.160 τPerception,41 0.519

(0.183) (0.175) τPerception,42 2.383
Std.Dev estimation
ASC -3.355∗∗∗ τPerception,43 3.879

(0.373) τPerception,44 7.618
Training and technical advice 0.640∗∗∗

(0.126)
Sale contract with fixed price 0.969∗∗∗

(0.102)
Sale contract with flexible price 0.532∗∗∗

(0.211)
Traceability 0.753∗∗∗

(0.102)
Neighbor -0.307∗∗

(0.153)
Formal leader 0.231

(0.385)
Informal leader 0.510∗∗

(0.217)
Both leader -0.021

(0.240)
Cost 0.310∗∗∗

(0.032)
Estimation of interaction terms
ASC*Age 2.483∗∗∗

(0.452)

Observations 17,580 LL of the combined model -6683.49 AIC 13492.99
Estimation time 08h:09m:43s LL of the choice model -4224.97 BIC 13913.57
Number of parameters 63

Note: Estimation performed on an 8 cores and 100Gb ram computers.
Results of Model (HCM 2) with two latent variables “Concern" and “Perception" are reported in Table 5.9 in the Appendix.
Robust standard errors in parenthesis. ASC stands for Alternative Specific Constant.
Control variables of the Choice model, including Female, Farm size, Income, Education, Health and Types of agricultural products, are not reported since they
are not statistically significant at the 10% level.
∗ p < 0.1; ∗∗ p < 0.05; ∗∗∗ p < 0.01.

In addition to the “leadership" attribute, the “neighbor" attribute, which is defined
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as the presence of neighborhood farmers in the village doing organic farming, has a posi-
tive and statically significant impact on farmers’ decisions in adoption of organic farming.
This indicates that network of farmers (e.g., neighbors or friends) could play an important
role in promoting organic farming. This is because farmers living in the rural areas of-
ten interact frequently with their neighbors/friends as they always live nearby and thus,
they know really well each other (i.e., they have strong connections with their neighbors).
This result is in line with the existing literature since individual-to-individual links are
important and valuable of sources of information, knowledge as well as thoughts for in-
dividuals that could help to significantly motivate people to behave positively towards
pro-environmental behaviors (Olli et al., 2001; Jackson, 2010; Axsen et al., 2013; Lazaric
et al., 2019).

Regarding the effect of the latent variables on farmers’ choice, we observe that the
coefficient λLVPerception is positive and statistically significant in Table 5.5 and 5.9 (in the
Appendix), while the coefficient λLVConcern is statistically significant (see Table 5.9 in the
Appendix). This suggests that individuals who have stronger perception of adoption of
organic farming (e.g., they believe that “it is useful for farmers to adopt organic farming to
protect the environment and population health), will be more likely to choose the organic
farming alternatives than others who do not. This confirms our prior expectations. How-
ever, we observe that the coefficients ζPerception (including ζPerception,1, ζPerception,2, ζPerception,3

and ζPerception,4, which represent for the impacts of the LV “Perception" on four percep-
tional indicators listed in Table 5.3) are positive and significant, which suggest that a higher
value of the latent variable corresponds to stronger perception of organic farming. Our re-
sults suggest that the model with only “Perception" latent variable could give us better
interpretation of respondents’ choices since the effect of the LV “Concern" (λLVConcern ) is not
significant and the HCM model with two LVs (HCM 2) provide a poor estimation results
in the measurement model component (see Table 5.9).

Since the socio-demographic and -economic variables do not change over choice cases,
we interact them with the ASC. In Model (HCM 1) in Table 5.5, we observe that a majority
of coefficients of the interaction terms is not statistically significant, including, “Female",
“Farm size", “Education", “Income", “Health" and “Types of agricultural products". This
means that these socio-demographic characteristics could not significantly influence farm-
ers’ decisions in adopting organic farming. However, we observe that older farmers are
more and more aware of health risk and are more about their future generations (e.g., chil-
dren and grand-children), thus they seem to be more likely to adopt organic agriculture
than the younger. We observe also that older farmers have stronger perception of adop-
tion of organic farming than the younger since the coefficient γPerception,Age is positive and
significant (see column 2 of Table 5.5). Larger scale farmers (i.e., larger farm size) seem to
have stronger perception of organic farming than smaller scale ones (i.e., γPerception,FarmSize
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is positive and significant) and thus they are more likely to choose the organic farming
alternative. This is because large scale farmers are often more able to approach the organic
farming technique other smallholder ones. Farmers who graduated from high school and
college, are willing to behave positively toward organic farming compared to others. This
reveals that farmers with better education have stronger perception of adoption of organic
farming, are more concern about the problem of conventional agriculture than others and
thus they are more willing to change their farming method to organic farming.

Estimation of willingness to pay

Table 5.6 reports the calculation of the mean Willingness to Pay (WTP) for all the attribute
levels, using three different Models (RPL 3), (HCM 1) and (HCM 2). In the result, we
also look at the differences in WTP in different types of agricultural products (i.e., rice,
vegetables and other products). We observe that the results of the WTP estimates are very
close in these three models, especially between Models (HCM 1) and (HCM 2). There is
no WTP of the “Informal leader" attribute since its coefficient estimate is not statistically
significant at the 10% level. As a result, in HCM Model, we estimate only the WTP for the
case of all products because of costly computational estimation cost for estimating several
time the HCM model and also because we would expect to have the similar results to the
ones of the random parameter logit model (RPL 3).

According to the result in Model (HCM 1), we observe that farmers are willing to pay
on average 3.00 thousand VND/kg to get practical lessons about organic farming and to
have technicians or specialists in the village or in the field to advise them in doing or-
ganic farming. Farmers seem to be willing to pay more to obtain the sale contract with
buyers or retailers (e.g., industries, supermarkets, direct consumers, etc.), about 4.60 and
3.64 thousand VND/kg for sale contract with guaranteed prices and flexible prices, re-
spectively. Farmers seem to prefer the contract with fixed/guaranteed prices (i.e., product
prices are fixed over 5 years) to the one with flexible prices (i.e., product prices float by
market prices). The farmers are willing to pay on average 1.97 thousand VND/kg to get
a organic logo with traceable code on their products. The “neighbor" and “leadership" at-
tribute are also important since farmers are also willing to pay to have farmers and leaders
in their village doing organic farming.
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Table 5.6: Estimated willingness to pay (WTP) for the attribute levels.

HCM 1 HCM 2 RPL 3
Attributes All products All products All products Rice Vegetables Others

Training and technical
advice

3.00 2.97 2.74 2.21 4.52 3.27

[2.69,3.31] [1.49,4.44] [2.11,3.36] [1.86,2.55] [2.49,6.56] [2.38,4.17]

Sale contract
With guaranteed prices 4.60 4.58 4.24 2.82 8.15 5.75

[4.18,5.03] [3.10,6.05] [3.45,5.02] [2.43,3.22] [5.43,10.87] [4.80,6.69]

With flexible prices 3.64 3.60 3.10 1.69 6.24 4.13
[3.24,4.05] [1.48,6.05] [2.24,3.96] [1.35,2.03] [3.09,9.39] [3.15,5.11]

Traceability 1.97 1.91 1.91 1.13 2.99 2.88
[1.69,2.25] [0.86,2.96] [1.34,2.48] [0.84,1.42] [1.45,4.52] [1.92,3.83]

Neighbor 1.31 1.27 1.45 1.37 1.87 1.78
[1.10,1.52] [1.05,1.50] [0.99,1.90] [1.02,1.73] [0.79,2.95] [0.89,2.68]

Leadership
Formal leader 1.54 1.58 1.16 0.96 1.79 -

[1.15,1.93] [0.79,2.54] [0.30,2.01] [0.65,1.28] [0.59,4.17]

Informal leader - - - - - -
-

Both leaders 1.23 1.30 1.11 0.75 - 1.55
[0.90,1.55] [0.59,1.96] [0.44,1.79] [0.33,1.17] [0.49,2.61]

Note: WTP are in thousand VND/unit.
Confidence interval (CI) at 5% significant level. Standard deviation is calculated by the delta method (for the detail of
computation, see the paper of Hole (2007)).
Model (HCM 1) is the Hybrid Choice Model with one LV variable “Perception". Model (HCM 2) is the Hybrid Choice
Model with two LV variables “Perception" and “Concern".
The WTP estimates are calculated from the results of Models (HCM 1), (HCM 2) and (RPL 3) which are the model
with socio-demographic and psychological control variables. The “All products" is the model with all three types of
agricultural products.
There is no WTP estimate for the “Informal leader" attribute because their coefficient estimates are not statistically
significant.

The estimated willingness to pay are of significant importance to policymakers. Rel-
ative importance of the attributes can be derived from the values of their WTP, whereby
those with higher WTPs are assigned more resources than the others. In this study, the
WTP of sale contract including contracts with guaranteed prices and with flexible prices
are consistently higher than other attributes. This reflects the fact that farmers involved
in organic farming, highly value the sale contract with buyers or retailers to ensure that
their products can be sold to the market with either flexible or fixed prices. This is consis-
tent with intuition as guaranteed product prices and outcomes is very important because
majority of farmers in our study are smallholder farmers. The existing literature argued
that smallholder farmers in Vietnam strongly depend on traders to sell their products, but
traders are the ones who set the price and farmers have to accept the price offered to them
(Minot, 2006).

Looking at the results in different types of agricultural products (including rice, veg-
etables and other products), our results indicate that farmers generally have a positive
WTP for organic farming. Farmers who produce mainly vegetables seem to be willing
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to pay more to change their farming method to organic farming than others who pro-
duce mainly rice. This could be because it is often more costly for vegetable producers
to invest in organic farming than rice producers because of the high production cost per
kilogram (kg) of vegetable products (i.e., production price per kg is often higher in veg-
etables than rice). Moreover, all types of producers seem to be willing to pay to more to
have sale contracts with flexible prices, but less to have neighbors doing organic farming.
These results are intuitive because sale contract directly links to the profit or revenue of the
organic farming which is one of the major barriers to organic farming adoption (Schnee-
berger et al., 2002; Läpple and Kelley, 2013). The organic neighbors otherwise do not have
direct link to the income from farming, but neighbors could help each other by sharing
recommendations, advice, knowledge as well as important alerts during the implementa-
tion of organic farming, which are also important for maintaining a long-run sustainable
behavior (Genius et al., 2006; Hall and Rhoades, 2010).

It should be noted that the WTP is calculated when both parameters (i.e., βn and βc

see Equation (5.14)) used in calculation are statistically significant, otherwise no meaning-
ful WTP measure can be established. For this reason, there is no WTP estimate for either
only informal leadership or only formal leadership attributes in case that farmers produc-
ing mainly other type of products (e.g., fruit, corn, etc.). We observe that “formal leader"
attribute only has a significant impact on the willingness to pay for organic farming of rice
and vegetable producers. However, vegetable producers does not seem to be willing to
pay to have both their formal and informal leaders doing organic farming. In other words,
only farmers who produced rice are willing to pay to have leaders (either formal or infor-
mal) in the local area doing organic farming. This could be because organic rice farming
is often more difficult to be accessed and takes longer to cultivate, and more importantly
organic rice has limited demand and inadequate marketing (i.e., more difficult to market
organic rice), compared to organic vegetables or other type of products (Chouichom et al.,
2010; Mishra et al., 2018). Consequently, smallholder rice producers are willing to pay
to have leaders who are also doing organic farming in their village, and thus the leaders
could help not only to share their knowledge and practical lessons to local farmers, but
also to provide them information to market their crops.

5.6 Discussion and conclusion

This paper aims to investigate farmers’ preferences to adopt organic farming. We use a
quantitative approach based on discrete choice experiment with 586 farmers in Northern
Vietnam to measure how various factors could influence farmers’ decisions in adopting
organic farming. We value farmers’ willingness to pay for both market and non-market
components of their decisions such as practical training lessons and technical advice in
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the local area, sale contract with guaranteed or flexible price with retailers (e.g., direct
consumers, supermarkets, industries, etc.), organic logo with traceable code, the presence
of neighbors and leaders in their village doing organic farming.

Our results suggest that all above mentioned attributes have significant impacts on
farmers’ decisions to adopt organic farming. Firstly, we find that sale contracts with ei-
ther flexible or guaranteed prices are major components explaining farmers’ willingness to
adopt organic farming. This is because a majority of farmers in our study are smallholders,
who always experience more difficulties to market their crops, and thus the agricultural
product outcome commitment from buyers is seen by them as an opportunity for support-
ing organic agriculture. This result is in line with the literature of “contract farming" (i.e.,
purchaser provides farmers credit, technical advice, market service, etc. In return, farmers
produce certain quantity and quality products and sell them to purchaser), indicating that
such arrangement could contribute positively to farmers’ revenue in particular as well as
to growth and poverty reduction in general (Weiss and Khan, 2006; Bolwig et al., 2009).

Secondly, the “traceability" attribute is also an important factor that help to encour-
age the adoption of organic farming. In fact, it is often required for farmers who would
like to obtain a sale contract to have logo with traceable code because it indicates that the
organic products have go through strict quality controls as well as production monitory
systems. Thus, our result suggests that farmers are willing to pay on average 1.97 thou-
sand VND/kg for obtaining traceable code. Additionally, consumers are always more
likely to pay higher prices for higher quality foods, and thus logo with traceable code
could also help them to distinguish the good quality organic foods from the low quality
ones. As a result, traceability stands as the best tool for food quality control as well as for
encouraging consumer confidence in organic products that will be consumed (Wu et al.,
2011; Spence et al., 2018).

Thirdly, in addition to the market factors, training and technical advice is a prominent
non-market factor that can be used to motivate farmers to move toward organic agricul-
ture. All else being equal, farmers are willing to pay 3.00 thousand VND/kg to get practi-
cal training lessons and technicians or specialists in local area for technical assistance. This
amount will be much higher (4.52 thousand VND/kg) for farmers who produce mainly
vegetables compared to other types of agricultural products. This result is straightforward
because several existing study suggests that technical knowledge of organic farming prac-
tices is one important barrier to organic transition (Brock and Barham, 2013; Dimitri and
Baron, 2019). Therefore, providing training and technical assistance to farmers is really
important to motivate the adoption of organic farming.

Fourthly, the “neighbor" attribute is also important to encourage farmers to change
their farming method to organic farming. More importantly, our results shed light on the
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role of neighborhood organic farming on farmers’ decisions since we observe that farmers
are willing to pay 1.31 thousand VND/kg to have farmers in their neighborhood doing
organic farming. This suggests that the presence of neighborhood farmers doing organic
farming plays an important role in promoting the organic agriculture in the region like
Northern Vietnam. Existing literature also indicated that programs targeting whole com-
munity are more effective than targeting individual farmers to induce behavioral changes
(Nyblom et al., 2003; Wollni and Andersson, 2014; Läpple and Kelley, 2015). In their study,
the authors argued that individual farmers are less likely to apply the organic practice that
helps to restore soil function because they fear that their neighborhood farmers may free-
ride on their investments into soil and fertility improvements, unless all farmers in the
neighborhood commit this organic practice (Wollni and Andersson, 2014). Therefore, the
role of networks (i.e., neighborhood farmers doing organic farming) is also important and
need to be taken into account by policymakers because it could help to prioritize between
programs targeting on individual farmers or neighborhood networks to effectively pro-
mote the pro-environmental behavior change.

Finally, our results find that farmers’ willingness to pay are very different across dif-
ferent types of agricultural products (e.g., rice, vegetables, fruits, corns, etc.). For instance,
organic vegetable farmers are willing to pay more than rice or other types of producers, but
rice producers are the only ones, willing to pay to have formal leaders as well as both for-
mal and informal leaders in their village doing organic farming. This is not only because
of differences in unit cost of different types of products, but because organic farmings of
some types of agricultural products (like rice) are more difficult to market compared to
organic vegetables or other type of products. Therefore, further research is still needed
to establish the actual costs and benefits of organic farming adoption by taking the differ-
ent types of agricultural products into account in this research area. The complementary
cost-benefit analysis can additionally provide policymakers with other benefits that may
be caused by long-term reduction of pesticide uses and the uses of other harmful plant
protection products. The long-run discount rate should also be considered because the
organic farming investment has welfare effects for future generations.
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Tables

Table 5.7: The 15 NEP scale items and their response distributions (in percentage).

NEP scale items Strongly
disagree

Partly
dis-
agree

Unsure Partly
agree

Strongly
agree

Corr

1:“We are approaching the limit of the number of people the earth can
support".

6.14 24.74 17.06 40.96 11.09 0.471

2:“Humans have the right to modify the natural environment to suit their
needs".a

7.68 15.87 6.83 55.46 14.16 0.477

3:“When humans interfere with nature it often produces disastrous
consequences".

9.73 31.40 10.24 38.74 9.90 0.469

4:“Human ingenuity will ensure that we do not make the earth unlivable".a 5.63 9.22 8.70 63.82 12.63 0.557
5:“Humans are severely abusing the environment". 7.68 21.33 4.10 48.12 18.77 0.542
6:“The Earth has plenty of natural resources if we just learn how to
develop them".a

4.44 2.22 4.44 71.50 17.41 0.617

7:“Plants and animals have as much right as humans to exist". 3.75 7.00 4.78 65.87 18.60 0.611
8:“The balance of nature is strong enough to cope with the impacts of
modern industrial nations".a

11.09 39.25 16.55 28.16 4.95 0.316

9:“Despite our special abilities, humans are still subject to the laws of
nature".

3.75 3.92 1.88 70.31 20.14 0.556

10:“The so-called “ecological crisis" facing humankind has been greatly
exaggerated".a

9.56 43.34 18.09 25.94 3.07 0.381

11:“The Earth is like a spaceship with very limited room and resources". 3.41 6.14 8.02 67.58 14.85 0.571
12:“Humans were meant to rule over the rest of nature".a 5.63 23.04 16.04 46.76 8.53 0.505
13:“The balance of nature is very delicate and easily upset". 3.24 12.46 12.80 63.14 8.36 0.524
14:“Humans will eventually learn enough about how nature works to be
able to control it".a

3.58 18.60 9.22 59.56 9.04 0.535

15:“If things continue on their present course, we will soon experience a
major ecological catastrophe".

3.58 6.31 7.00 64.16 18.94 0.570

Total NEP score Mean = 47.60 and SD = 4.62.
Cronbach’s alpha = 0.7902

Notes: a Reverse coded.
The column Corr represents the item-test correlation, which tells us how much each items correlates with the total NEP score. The Cronbach’s
alpha equals to 79.02 % in the reliability test, which suggests that 79.02% of the variance in the score is reliable.

Table 5.8: Correlation matrix of nine indicators of the “Concern" and “Perception" latent
variables (with Pearson’s correlation test).

Concern 1 Concern 2 Concern 3 Concern 4 Concern 5 Perception
1

Perception
2

Perception
3

Perception
4

Concern 1 1.00

Concern 2 -0.20 1.00
(0.00)

Concern 3 0.28 -0.04 1.00
(0.00) (0.00)

Concern 4 -0.13 0.31 -0.19 1.00
(0.00) (0.00) (0.00)

Concern 5 0.25 -0.09 0.42 -0.28 1.00
(0.00) (0.00) (0.00) (0.00)

Perception 1 0.17 -0.06 0.13 -0.11 0.21 1.00
(0.00) (0.00) (0.00) (0.00) (0.00)

Perception 2 0.15 -0.11 0.11 -0.21 0.16 0.40 1.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Perception 3 0.06 -0.06 -0.02 -0.07 0.00 -0.03 0.16 1.00
(0.00) (0.00) (0.02) (0.00) (0.60) (0.00) (0.00)

Perception 4 0.07 -0.05 0.00 -0.16 0.04 0.11 0.33 0.40 1.00
(0.00) (0.00) (0.54) (0.00) (0.00) (0.00) (0.00) (0.00)

Notes: The p-value of the Pearson correlation test statistics are in parentheses.
The Pearson correlation test statistics suggest that the correlation between the indicators of the two latent variables exist. However, the correlation
coefficients of these indicators are not too large (i.e., a majority of the correlation coefficients is below 0.20).
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Table 5.9: Summary results of the Hybrid Choice Model with “Concern" and “Percep-
tion" latent variables.

HCM 2

Variable Coef. Variable Coef. Variable Coef.

Choice model component Socio-demographic variables on LV “Concern" LV “Concern" on its indicators
ASC -11.019∗∗∗ γConcern,Female 0.014 ζConcern,1 0.861

(3.170) (0.382) (0.701)
Training and technical advice 0.984∗∗∗ γConcern,Age 0.653 ζConcern,2 -1.139∗

(0.232) (1.132) (0.601)
Sale contract with fixed price 1.517∗∗∗ γConcern,FarmSize 0.102 ζConcern,3 0.817∗

(0.148) (0.178) (0.431)
Sale contract with flexible price 1.193∗∗∗ γConcern,MiddleIncome -0.049 ζConcern,4 -1.591

(0.379) (0.243) (1.027)
Traceability 0.633∗∗∗ γConcern,HighIncome -0.174 ζConcern,5 1.211∗∗∗

(0.182) (0.848) (0.390)
Neighbor 0.422∗∗∗ γConcern,GoodHealth -0.198 ζConcern,6 -1.894∗∗∗

(0.129) (1.554) (0.282)
Formal leader 0.525∗∗∗ γConcern,VeryGoodHealth 0.048 ζConcern,7 1.832∗∗∗

(0.137) (1.651) (0.654)
Informal leader 0.223 γConcern,HighSchool 0.083 ζConcern,8 -0.218

(0.166) (0.740) (0.346)
Both leaders 0.431∗∗∗ γConcern,College 0.356 ζConcern,9 1.419

(0.106) (1.007) (0.912)
Cost -0.331∗∗∗ γConcern,Rice -0.131 ζConcern,10 -0.454

(0.093) (0.920) (0.373)
λLVConcern

-0.070 γConcern,Vegetable -0.440 ζConcern,11 1.490∗

(0.876) (0.615) (0.855)
λLVPerception

3.076∗∗∗ ζConcern,12 -1.094∗∗

(0.968) Socio-demographic variables on LV “Perception" (0.536)
Std.Dev estimation
ASC 0.509 γPerception,Female 0.354 ζConcern,13 1.438∗∗∗

(1.114) (0.611) (0.506)
Training and technical advice -0.602∗∗ γPerception,Age 2.523∗∗∗ ζConcern,14 -1.464∗∗∗

(0.311) (0.997) (0.198)
Sale contract with fixed price 0.973∗∗∗ γPerception,FarmSize 0.275 ζConcern,15 1.796∗∗∗

(0.146) (1.079) (0.607)
Sale contract with flexible price -0.457 γPerception,MiddleIncome 0.513

(1.098) (2.020) LV “Perception" on its indicators
Traceability 0.654∗ γPerception,HighIncome 0.700 ζPerception,1 0.265

(0.428) (0.698) (0.343)
Neighbor 0.043 γPerception,GoodHealth 0.102 ζPerception,2 0.400

(0.611) (1.209) (0.440)
Formal leader -0.345 γPerception,VeryGoodHealth 0.012 ζPerception,3 0.224

(0.881) (0.642) (0.181)
Informal leader -0.161 γPerception,HighSchool 1.557 ζPerception,4 0.308

(4.035) (1.235) (0.382)
Both leader -0.299 γPerception,College 2.821∗∗∗

(0.703) (1.073)
Cost 0.317∗∗∗ γPerception,Rice -0.014

(0.080) (1.237)
Estimation of interaction terms
ASC*Age -5.367∗∗∗ γPerception,Vegetable -0.194

(1.795) (0.648)
ASC*Middle income -2.280

(3.183)
ASC*High income -2.893∗∗

(1.473)
ASC*High school -4.681∗∗∗

(1.769)
ASC*College -9.018∗∗∗

(1.222)

Observations 17,580 LL of the combined model -16649.41 AIC 33598.81
Estimation time 115h:00m:30s LL of the choice model -4229.32 BIC 34600.2
Number of parameters 150

Note: Estimation performed on an 4 cores and 8Gb ram computers.
Robust standard errors in parenthesis. ASC stands for Alternative Specific Constant.
Threshold parameters τ of the measurement component of LV “Concern" and LV “Perception" are estimated, but they are reported.
Control variables: Female, Farm size, Health and Types of agricultural products of the Choice model, including Rice, Vegetables and Others, are not reported
since they are not statistically significant at the 10% level.
∗ p < 0.1; ∗∗ p < 0.05; ∗∗∗ p < 0.01.
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Figures

Figure 5.2: Example of choice card (in Vietnamese).
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Figure 5.3: Experimental areas.
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Chapter 6

Conclusion

This dissertation contributes to the existing literature by providing insight into the role
of network in promoting the pro-environmental behavior in theoretical and experimental
ways. The contribution of the first chapter to the existing literature is to study the effective-
ness of several social incentives that help to promote pro-environmental behavior. More
specifically, we contribute to the literature by addressing all of the seven groups of social
incentives together in order to answer the following question: Which social incentives are
more effective than others in encouraging pro-environmental behavior? Moreover, we also
took the impact of the aggregation level into account by organizing the seven social incen-
tive groups into three higher aggregated social groups (i.e., social influences, network and
trust) and investigated their relative relevance with respect to the metadata. We find that
network and internal social influence (i.e., that motivates people to change their percep-
tions and attitudes) play important role in incentivizing individuals to behave positively
toward the environment. The purpose is to quantify the strength and relevance of social
incentives in regard to pro-environmental behavior and to give some recommendations in
terms of public policy. However, there is one issue which has not been fully addressed, is
the impact of country’s cultural differences on pro-environmental behavior. This issue is
important enough to be investigated in depth in a future study, in which the general char-
acteristic of a national culture can be captured by using the Hofstede’s values (??, hof), for
example, and adopting a previously proven approach (Morren and Grinstein, 2016). Since
in our meta-analysis, several studies conducted in multiple countries, we cannot apply
the Hofstede’s values to capture the impacts of country’s cultural differences. Our meta-
regression, however, partially addressed the country heterogeneity by using geographical
regions and study-specific effects.

Chapter 2 contributes to the literature by taking the role of social comparison through
different network structure (e.g., empty network, star, circle and complete network) into
account in promoting the common pool resource conservation. We consider that agents are
connected to exogenous networks, meaning that networks are formed by a central plan-
ner. An advantage of the exogenous network is that it helps to capture the causal effect of
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network structures on individual behaviors as network varies. We also distinguish the so-
cial comparison into assimilation (i.e., individuals minimize the difference between them
and their reference group) and contrast (i.e., individuals maximize the difference between
them and their reference group) in comparison and deeply investigate how the assimi-
lation in comparison could play a role in shaping individual behaviors. In this Chapter,
we find that the assimilation in social comparison (i.e., changing behaviors in order to fit
in with a group) performs sufficiently well in centralized networks (like a star network)
compared to decentralized networks (like a circle or complete network) in incentivizing in-
dividual to conserve the common pool resource. However, our study has not yet explored
the possibility of the contrast in comparison, which agents have incentives to differentiate
with their neighbors. The reason is that since there is the “substractability" property of the
commons, no agent is willing to differentiate with others by extracting less the common
resource. The contrast in comparison will be, however, interesting to be studied if one can
justify that there exists the case “doing worse, but feeling better" (Lockwood et al., 2004;
Toma, 2013). In other words, ones would feel good by extracting less resource than others.
Moreover, we suggest that instead of using Nash equilibrium, we could study this model
using the Lindahl equilibrium because in fact, at the equilibrium, each agent shares the
same share of the common good but some agents may value the common good differently
than others (Franke and Leininger, 2018; Foley, 1970; Lindahl, 1958). However, one of the
limitation of the Lindalh equilibrium pricing is we do not exactly know how much each
agent values the certain good. But, it is important that the future research could take this
issue into consideration.

Chapter 3 contributes to the literature by taking the social influence in endogenous
networks into account in order to investigate the individual behaviors in a common pool
resource game. The endogenous network assumption makes the model fit well to the
reality, where individuals can make decisions in choosing either the effort to extract the
resource and the number of neighbors to form links with depending on themselves and
their neighborhood performances. Our result suggests that the system of a CPR game is
not always locally stable as the network size varies. In particular, we find that the CPR
game will become locally unstable if there are more than six agents competing in harvest-
ing a common resource. However, this chapter has several shortcomings which could be
addressed by future research. Firstly, since this is the static Nash equilibrium model, the
agents did not take their own previous actions into account and thus this makes the model
become less realistic. However, this kind of one-shot Nash equilibrium has been studied
a lot in the public good game and thus it is simple but it is still very interesting to apply.
In fact, in some situations, agents make decision regardless to their own previous behav-
iors, for example, agents who make their first decisions whether they should contribute
to public good or not. Secondly, instead of using simultaneous move game, a sequential
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game in which agents would play a network formation game (i.e., agents choose their di-
rect neighbors) and then participate in a CPR game with the network given in the previous
step, could be also relevant and interesting to be studied. Finally, a strong or weak social
influence in networks in our model depends on the social influence parameter. However,
in reality, the social influence depends on how strong is the social norm in the agent’s
network (Gavrilets and Richerson, 2017). Thus, it is important to note that emergence of
social norm is out of scope of this study. It is, however, worth to be deeply investigated
in a future because the social influence parameter depends on social norms and thus de-
termines whether it is beneficial or not for an agent to initiate a link with his or her target
neighbor.

In chapter 4, this dissertation contributes to the experimental literature on role of net-
works in promoting adoption of organic farming using a contextualized lab-in-the-field
experiment. Particularly, we contribute by studying how the social comparison (i.e., in-
formation about the average group investment) and information nudge (i.e., information
about the socially optimal investment) in the presence of different types of network struc-
tures could impact farmers’ investment decisions in organic agriculture. In order to cap-
ture the causal effect of networks on farmers’ behaviors, we consider the organic invest-
ment game with the given network structures (exogenous network) and allow the network
to vary. Future studies should also take the endogenous structure of the network into ac-
count in order to capture which network pattern could result in a higher level of adoption
of organic agriculture. Our results suggest that there is a possibility of a crowd in effect
as the effect of social comparison combined with information nudge exceeds the effect of
social comparison (Brandon et al., 2019). However, in this study, we have not yet taken
the effect of only information nudge treatment into account, and thus we cannot conclude
whether there is a presence of crowding in or out in social nudges (e.g., social comparison
and information nudge). The mechanism of crowding in and out in social nudges deserves
our attention since it may have important implications in promoting sustainable agricul-
ture.

Chapter 5 contributes to discrete choice experiment literature by taking the role of
network and leadership in farmers’ preferences as well as several other factors (training
and technical advice, sale contract and traceability) into account in order to study farmers’
preferences towards organic farming. The use of choice modeling can contribute towards
public policy for sustainable agriculture in the context of Vietnam as well as in many other
developing countries. These attributes of organic farming adoption have been quantified
and hence can be utilized for justification of promoting organic agriculture in Northern
Vietnam. However, our results find that farmers’ willingness to pay are very different
across different types of agricultural products (e.g., rice, vegetables, fruits, corns, etc.). This
is not only because of differences in unit cost of different types of products, but because
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organic farmings of some types of agricultural products (like rice) are more difficult to be
accessed and takes longer to cultivate, and more importantly organic rice, for instance,
has limited demand and inadequate marketing (i.e., more difficult to market organic rice),
compared to organic vegetables or other type of products. Therefore, further research
is still needed to establish the actual costs and benefits of organic farming adoption by
taking the different types of agricultural products into account in this research area. The
complementary cost-benefit analysis can additionally provide policymakers with other
benefits that may be caused by long-term reduction of pesticide uses and the uses of other
harmful plant protection products. The long-run discount rate should also be considered
because the organic farming investment has welfare effects for future generations.

In conclusion, this dissertation contributes to the literature by deeply investigating the
role of networks, the role of social incentives (such as, social comparison and information
nudge) in networks and its impacts on pro-environmental behaviors (such as, resource
extraction and adoption of organic farming). In a more and more connected world, under-
standing the network structure is essential in order to effectively provide the social incen-
tives to promote the pro-environmental behaviors. For instance, we find that it is effective
to encourage social comparison in a network with fewer connections and to provide in-
formation nudge to a network with more connections in order to promote the adoption of
organic farming. Moreover, since in a real world, the network structure cannot be easily
and fully observed, we contribute by also taking the endogenous network (i.e., network is
not given and individuals can decide who they would like to form a link with) into account
and investigate how social influence in networks could affect individuals’ behaviors in a
common pool resource game. For instance, we find that when the network endogenous,
either a sufficiently low cost of linking and small network size are essential to ensure a
stable equilibrium resource extraction. Additionally, instead of using simultaneous move
game, a next step is to enlarge this theoretical model by firstly taking the network forma-
tion into account (i.e., a sequential game in which agents play a network formation game
and then a CPR game with a given network structure in the previous step), and then also
applying in studying individuals’ behaviors in, for example, a public good or a organic
farming investment game (in Chapter 4).

Policy implications

Firstly, our results suggest that the social incentives and networks play important roles
in encouraging the pro-environmental behaviors. In other words, public policies, which
aim to promote the emergence of pro-environmental behavior, should not be based only
on subsidies, but also more essentially on information (e.g., social comparison and in-
formation nudges) given, not only to individuals, but also to groups of individuals (e.g.,
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information about the neighborhood actions/behaviors). This is because be a network
of neighbors or/and friends is a valuable source of knowledge, information and moti-
vations that helps to incentivize and sustain individual’s pro-environmental behaviors
(Van Campenhout et al., 2017). Thus, it is important that policymakers and individuals
themselves should always try to establish a channel to promote individual-to-individual
links as well as to promote individual social identity which can help to strengthen the so-
cial comparison and social influence in the network. Moreover, understanding the role of
networks (e.g., social/network structures, how individuals interact with each other, etc.)
could help policymaker to prioritize between programs targeting on individuals or neigh-
borhood networks to effectively promote the pro-environmental behavior change.

Secondly, in addition to the network connection (i.e., numbers of connections that
each individual has), network structure (i.e., decentralized or centralized network) is also
important and deserves deep investigation. Our results indicate that promote social incen-
tives (e.g., social comparison and nudges) in different types of network structures result
very different impacts of individual behavior change. Our theoretical model also suggests
that we can more effectively promote the common resource conservation by encouraging
the assimilation social comparison in centralized networks (like a star network) compared
to decentralized networks (like a circle or complete network). This means that in a social
world where there is at least a central agent who can plays a role in motivating others
(e.g., a leader, a seeding, an influencer or an influential person), motivating the role of
the central agents could help to significantly promote the common resource conservation.
Therefore, in addition to individual-to-individual relationships, policymakers should also
take the role of “environmental leader” who takes the first step in creating consciousness,
awareness and action on protecting the environment into account in order to promote
the pro-environmental behavior (Akiyama et al., 2013). Because an environmental leader
could play a role as an example and model to others, he or she could therefore help to
effectively drive individuals toward a more sustainable environment.

Thirdly, our results suggest that in a network where everyone can fully observe oth-
ers’ behaviors (e.g., complete network), providing individuals the social comparison (in-
formation about their average group/network behavior) has no significant impact on their
pro-environmental behaviors. This result is straightforward because when individuals can
fully observe others actions/behaviors, social comparison will not play any role as provid-
ing individuals additional information about others’ behavior. In other words, the com-
parison effects among individuals in the network dominate the comparison effect of the
social comparison (information about their average group/network behavior). However,
in reality, it is always very difficult for policymakers to fully observe the actual network
structure, and individuals themselves cannot also fully observe the behaviors, actions or
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decisions of their neighbors/friends. In this situation, providing social comparison to in-
dividuals (e.g., feedback on their behaviors and the average behaviors of their neighbors
or social comparative feedback), could help to stimulate self-evaluation as well as com-
petition (Allcott and Rogers, 2014; Dupré and Meineri, 2016). Therefore, it helps to shape
individuals’ behaviors and thus incentivize them to behave positively towards environ-
mental sustainability (Festinger, 1954).

Finally, our analysis reveals that the “social comparison combined with information
nudge" has a positive impact on farmers’ decisions in encouraging them to invest in or-
ganic farming in all types of networks. This indicates that information nudge (i.e., infor-
mation about the socially optimal behaviors) can help to alter individuals’ behaviors in a
predictable way (i.e., to behave towards a socially optimal behavior) (Thaler and Sunstein,
2008). For instance, timely reminders about not only the importance of organic agricul-
ture but also the socially optimal organic investment (i.e., information nudge) can help
to increase farmers’ awareness about organic agriculture and to help them to maintain
commitments and schedules (Fabregas et al., 2019). As a result, it helps to nudge them
towards bridging the gap between their intentions and their actions. However, we also
observe in our study that the effect of “information nudge" can be different depending
on different network structures because our theoretical model suggests that the socially
optimal is different across different networks. Therefore, nudges related to information
are context-specific and thus they should be carefully tested since same nudges might not
have the same effect across different subgroups in society (Bénabou and Tirole, 2006).
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