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Abstract
This dissertation examines the eﬀects of community-based institutional arrangements and
trust on the propensity to act cooperatively in natural resource commons. There are three
empirical studies comprising the major chapters of the dissertation. In Chapter 2, the eﬀects
of user group monitoring and sanctioning activities are empirically assessed as applied to
forestry. In Chapter 3, statistical models are tested to examine the propensity of both
user groups and external governments to engage in monitoring and sanctioning activities.
Chapter 4 relies on experimental work conducted in Bulgaria. It reports on the eﬀects of
common property institutions on cooperation in these experiments.
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CHAPTER 1

Introduction and Literature Review

Trust is good, but control is better.
Vladimir Ilyich Lenin

Trust, but verify.
Ronald Reagan

1. The Research Question
Why do humans cooperate? This is one of the most fundamental questions facing
contemporary social scientists. In every society humans are able to coordinate activities—
whether it be through markets, families, clans, governments, or local community institutions. Yet, while human cooperation is ubiquitous, its extent and eﬀectiveness varies
considerably across societies. This dissertation investigates cooperation in common-pool
resource dilemmas; when does cooperation emerge and what types are the most eﬀective at
achieving sustainable outcomes?
Common-pool resource (hereafter CPR) problems are a particular class of social dilemmas. CPRs are characterized by high costs of exclusion and rivalry in consumption; that
is, it is diﬃcult to exclude others from using the resource, and once resource units are harvested they are no longer available to others.1 Social dilemmas (also known as collective
1Hardin (1968) and Gordon (1954) were early attempts at formally deﬁning the CPR problem.
1
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action dilemmas, social traps, or a myriad of other monikers) are situations where individual interests are not in line with social interests, so that outcomes from human interaction,
from the view of society, are suboptimal (Taylor, 1987).
The extent of human cooperation is a theoretical mystery. By deﬁnition, in social dilemmas individuals have incentives to behave in ways that are not conducive to group beneﬁts.
Human cooperation is modeled as the ability of humans to overcome these incentives and
act in the interest of the group.2 Since there are strong incentives for individuals to act
non-cooperatively, traditional theories of collective action predict little or no cooperation;
but even casual empirical observation reveals the great extent and variation of human cooperation. Recent evidence suggests that if cooperation is to be sustained individuals must
either trust that other humans will cooperate reciprocally (Rothstein, 2005) or have some
means of monitoring and sanctioning non-cooperative behavior (Boyd, 2006).
1.1. The Challenge of Context. This dissertation focuses on the tradeoﬀs of monitoring, sanctioning and trust in CPR dilemmas. I will argue that the propensity of humans
to act cooperatively in social dilemmas depends on the context of the problem. Introducing contextual speciﬁcation into social dilemmas and theories of collective action (how to
overcome social dilemmas) is a formidable task. The challenge is to “avoid the extremes
of overly simple or overly complex theories (Poteete, Jannsen and Ostrom, 2009, ch.10).”
That is, when forming theories of context it is often tempting to make the “theory” ﬁt
the speciﬁc dimensions of a single case to maximize the explanatory power for that case.
However, doing so comes at the cost of generalizing the insights from the particular case to
other cases. On the other hand, if the theory is too simple, then one risks omitting relevant
variables from the analysis. The consequence of omitting relevant variables is theoretical
inferences are not accurate for any case.
Diﬀerent contextual variables are used in the three papers of the dissertation. The level
of analysis in the papers is at the group or individual level. The behavior of these groups or
individuals are measured and evaluated using diﬀerent methods. For example, in Chapter
2See Axelrod (1984) for a review of human cooperation in a particular social dilemma—the prisoner’s

dilemma.
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2 I perform a statistical analysis of forest management outcomes in a number of small-scale
forests around the world. In Chapter 3 I perform a statistical analysis to model what types
of entities monitor the use of these forests. In Chapter 4 I report the results of a series of
experiments on common property resources. In each case, however, variables representing
the context of the behavior are included. Groups of forest users, for example, are nested
within countries. Each country has a diﬀerent level of economic development and unique
governance arrangements. In Chapter 4 I account for variation in the experimental subjects’
experiences with common property and their social history.
Model development and testing is done at three separate layers: the individual or group
layer, the micro situation, and the broader context related to a socio-ecological system (Poteete, Jannsen and Ostrom, 2009, ch.10). The ﬁrst layer represents a careful analysis of the
model of human behavior. Do humans have others-regarding preferences and to what extent? How are decisions made? How do humans compensate with incomplete information?
The second layer, the micro situation, refers to the characteristics of other participants and
the expectations of their behavior in a particular setting. Can others be trusted in this situation? How many others must be trusted? Can rule-breakers be monitored and sanctioned?
The third layer, refers to characteristics of the broader context. How do past experiences
in this society aﬀect behavior? How do present governance arrangements encourage or discourage cooperation? Has there been sudden or drastic changes to the institutional, social,
or natural environment?
This dissertation sheds light on the challenge proposed by Poteete, Jannsen and Ostrom
(2009, ch.10),

“Understanding the link between situational variables and the capacity
of participants to gain trust and cooperate in micro-situations, such as
those found in laboratory experiments or small groups who harvest together from a resource, is easier to explain than the link from broader
contextual variables to level of cooperation in ﬁeld settings. In micro
settings studied in the lab or agent-based models, the attributes of the

1. INTRODUCTION

4

situation are speciﬁed very clearly by the researcher. With repetition of
the experimental conditions and replication of them by other scholars, one
can assess whether: (1) a particular situational variable has a consistent,
predicted impact on behavior in a diversity of settings, (2) its impact depends on the combination of structural variables present, or (3) it had an
impact in one setting only and should not play a role in future theoretical
development.”
The concluding chapter of the dissertation outlines the results from the dissertation that
add to this broader theory of collective action.

1.2. Trading Oﬀ Trust with Regulatory Enforcement? Should those dependent
on common-pool natural resources invest in building institutions to monitor and sanction
the actions of others or should they trust that others will comply with the rules? In the
second chapter of the dissertation I show that monitoring and sanctioning in forestry is
quite eﬀective at achieving sustainable outcomes. However, monitoring is often costly; if
individuals could trust that others would behave cooperatively they would not have to incur
this expense. In chapter three I investigate the causes of monitoring and sanctioning and
explain why some communities engage in such activities while others do not.
Trust, on the other hand, is susceptible to exploitation. In the fourth chapter of the
dissertation I report on the results from a series of experiments conducted in Bulgaria
designed to assess trusting behavior. I ﬁnd that trust in Bulgaria is quite low especially
in common property situations. Under communism, and since transition, Bulgaria has
experienced widespread corruption and arbitrary contract enforcement. This suggests a
relationship where corruption and poor monitoring and sanctioning institutions lessens the
propensity to trust. That is, insuﬃcient institutional enforcement can erode trust or prevent
it from emerging in the ﬁrst place. Trust is not likely to develop without some minimal
level of monitoring and sanctioning.
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1.2.1. Complements. There are two general schools of thought on the relationship between monitoring, sanctioning, and trust; those who view trust and enforcement institutions as substitutes and those who view them as complements. Putnam (2000), Ostrom
and Walker (2003), and Nooteboom (2007) see enforcement institutions as potentially complementing social trust. Scholars from this theoretical perspective argue that enforcement
institutions cannot perfectly substitute for trust because institutions are costly to enforce
(Ostrom, 2005). From this perspective, business partners trust each other, or seek out
trustworthy partners, to avoid the costs involved in enforcing their contracts. Contract enforcement is utilized when trust breaks down, but could never completely obviate the need
for trust.
Enforcement institutions are most eﬀective in situations where most citizens comply
with regulations most of the time (Boix and Posner, 1998). There is a plethora of empirical
evidence suggesting that complete monitoring of behavior is not needed to ensure that
regulatory mechanisms are eﬀective.3 Those being regulated are often compliant if there is
suﬃcient trust. Speciﬁcally, two types of trust are important to increase the likelihood of
compliance under imperfect regulation. First, those being regulated must be able to trust
that others being regulated will comply with the rules. Second, those being regulated must
be able to trust that the regulators are not corrupt and will act in an acceptable manner
(Rothstein, 2005).
When targets of regulation trust that other targets are likely to comply with rules, they
are more willing to comply with rules themselves even if enforcement institutions are weak.
Theoretically, this is surprising. Consider the canonical prisoners dilemma game in Figure
1.2.1. Here, there are two players who each have two choices: cooperate or defect. Both
players would be better oﬀ if both cooperate (both receiving a payment of 1), but there are
incentives for both players to defect and thus have a suboptimal payment (both receiving
a payment of 0). Under traditional theories of collective action, even strong trust that the
other player cooperates should not be suﬃcient to induce cooperation. Suppose that Player
1 trusts that Player 2 will cooperate in the game. Player 1 still has a strictly dominant
3This will be discussed in some detail later in this chapter.
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strategy to defect and earn 2 instead of 1 that he would earn if he were to cooperate.
Despite these incentives, players in laboratory experiments often cooperate in prisoners

Player 1 Cooperate
Defect

Player 2
Cooperate
Defect
1, 1
−1, 2
2, −1
0, 0

Figure 1.1. Prisoners Dilemma Game
dilemma games, although the propensity to cooperate is often carefully linked to other
players cooperative history. There is strong evidence that many people are “Conditional
Cooperators,” willing to cooperate only if others are willing to do so as well (Fischbacher,
Gächter and Fehr, 2001).4
For example, citizens seem willing to pay taxes because they trust others will pay taxes,
even in environments like the U.S. where there is weak enforcement (Frey and Torgler,
2007). Rothstein (2005, p.3) explains the diﬀerences in rates of tax compliance in Russia
and Sweden precisely for this reason. Russians tend not to trust that other citizens will pay
taxes and thus are much less likely to pay taxes themselves. In Sweden, however, “since
people believe that other people generally paid what they were supposed to, they also paid
(p.2).” Rothstein also explains the importance of the fact that those collecting taxes in
Sweden are more trustworthy than those in Russia. There is need both for trust among
citizens and between citizens and bureaucrats with whom they have direct contact.
Policy recommendations from this theoretical perspective put far more weight on building civil society to increase generalized trust. The emphasis is on getting business partners
to trust each other, rather than on lowering the costs of invoking contract enforcement.
4Evidence by Fischbacher, Gächter and Fehr (2001) reports that about 50% of Swiss subjects in public

goods games are conditional cooperators. When comparing subjects across social contexts, Kocher et al.
(2008) found that 80% of U.S. subjects are conditional cooperators, while only about 40% of subjects are
conditional cooperators in Austria and Japan. Despite the fact that many citizens cooperate if they trust
others will cooperate in turn, some citizens free ride no matter the contributions of others. For example,
Fischbacher, Gächter and Fehr (2001) found that about 14% of Swiss subjects free ride unconditionally in
public goods games. Kocher et al. (2008) ﬁnd that only 8% of U.S. subjects are unconditional free riders,
while 22% of subjects in Austria are, and 36% of subjects in Japan are. If there are many unconditional free
riders in society, generalized trust is unlikely to emerge and institutional designers should rely more heavily
on mechanisms of regulatory enforcement to increase compliance.
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Putnam (2000), for example, argues that one crucial way to build generalized trust is to
invest in civil society. Only in tandem with generalized trust can institutions be eﬀective.
Uphoﬀ (1986) describes a project in Sri Lankan irrigation that illustrates the need for
trust both between individuals and between individuals and bureaucrats. There are many
irrigation channels in Sri Lanka that require cooperation from farmers for maintenance and
water delivery. The Gal Oya left bank irrigation system had fallen into disrepair and the
Sri Lankan Irrigation Department (ID) had tried numerous times to improve the situation.
There were two noteworthy obstacles to improvement. First, there was minimal cooperation
and low trust among farmers. Second, there was even less trust between farmers and ID
oﬃcials; farmers recognized that the oﬃcials were corrupt and ID oﬃcials believed that
farmers could not be trusted to use water responsibly (Perera, 1986, p.89-91). A project
was initiated with support of staﬀ from Cornell University that utilized local instigators of
collective action to start small scale eﬀorts to build trust. Slowly, over time, farmers began
to engage in more cooperative ventures and because of this ID oﬃcials began to take their
preferences seriously. Eventually, large scale maintenance projects emerged and water was
distributed both more equitably and more eﬃciently. Ostrom (1990) concludes,

“Given the perverse incentives that beset all of the participants in Gal
Oya prior to the project, it seems unlikely that the farmers or the oﬃcials
by themselves would have overcome the structure of the situations they
faced without external intervention. . . Only after some initial success in
getting farmers to undertake collective actions that required some working together did any movement toward more formal organization take
place, and even then the ﬁeld organizations were deliberately kept simple and oriented toward problem solving. . . Mutual trust and reciprocity
were nourished on a face-to-face basis prior to attempts to organize farmers into larger groups . . . [but] eventually, farmers were organized . . . [and]
saw that their own proposals were treated seriously, for the ﬁrst time, by
irrigation oﬃcials, and they saw deﬁnite results.”
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Of course problems and conﬂicts remain with the Gal Oya irrigation system, but cooperation
is starting to build. Note that regulatory eﬀorts by the ID were not eﬀective until trust was
established both between farmers and between farmers and ID oﬃcials.
1.2.2. Substitutes. Levi and Stoker (2000) and later Cook, Hardin and Levi (2005) take
a much diﬀerent perspective. These authors see enforcement institutions as able to substitute for trust. In Cook, Hardin and Levi (2005) the authors argue that “trust works
primarily at the interpersonal level to produce microlevel social order and to lower the costs
of monitoring and sanctioning that might be required if individuals were not trustworthy
(p.1).” The logical implication is that if monitoring and sanctioning costs are low then
trust is less important. Eﬀective institutions lower the costs of monitoring and sanctioning.
Partners in a business transaction do not need to trust one another if there is eﬀective
and inexpensively enforced contract law in the place they do business. In other words,
institutions can substitute for trust.5
Further, scholars from this perspective argues that society-wide cooperation cannot be
built from small scale trust. The Cook, Hardin and Levi (2005) policy recommendations
from this theoretical perspective are to create strong state institutions such as “contract law
and courts to regulate markets and . . . elaborated arrangements for monitoring, enforcement,
and making accountable those who govern (p.186).” In this view, resources should be put
towards strengthening institutions instead of building civil society; a task seen as impractical
if not unimportant.
Some evidence suggests that formal regulation crowds out trust or that local trust may
crowd out the eﬃcacy of formal regulation. Cook, Hardin and Levi (2005) argue that
perhaps trust and eﬀective institutions are not as compatible as the former theoretical
perspective would have us believe. To test if formal regulation crowds out trust, Cardenas
(2004) ran a series of ﬁeld experiments of a CPR game in rural Colombia. Subjects were
allowed to invest resources (i.e. how many months to work in a ﬁeld) and then received
5Raymond (2006) applies this theoretical framework to show that parties to endangered species protection

eﬀorts need not trust each other in order to have the proper incentives when creating habitat conservation
plans. Instead, the author ﬁnds that speciﬁc institutional mechanisms and political leadership are more
important than trust.
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payoﬀs according to their share of the commons production. In ﬁve experiments, subjects
were allowed to make some rule about their investment in the commons. The subjects were
then told there was a probability of 1/16 that a subject would be monitored . When subjects
were allowed to make their own rules, the outcomes were at least as good as in the rule-free
environment. However, Cardenas, Stranlund and Willis (2000) then ran a series of ﬁve more
experiments where the subjects were given an optimal quota rule for the resource system
with the same probability of monitoring. Subjects actually increased their harvesting levels
in these experiments. This conﬁrmed Frey’s hypothesis that externally imposed rules can
crowd out intrinsic or community-based norms and rules (Frey and Oberholzer-Gee, 1997;
Frey, 1997). Cardenas, Stranlund and Willis conclude that they “have presented evidence
that the fundamental reason for the poor performance of external control is that it crowded
out group-regarding behavior in favor of greater self-interest (2000, p.1731).”
On the other hand, trust may crowd out the eﬀects of regulatory enforcement. Many
scholars argue that organized crime syndicates emerge in societies where regulatory enforcement is weak (Varese, 2001). It is unclear whether regulatory enforcement is weak because
of organized crime, or if organized crime emerges because of weak enforcement. What is
clear, however, is that these groups use trust relations and informal enforcement to escape
formal law, thus making regulations less eﬀective (Cook, Hardin and Levi, 2005, p.180).
Both theoretical perspectives provide valuable insight. Strong institutions can potentially lessen the need for trust, but probably cannot eliminate the need altogether. Trust
can potentially lessen the need for strong institutions, but cannot completely eliminate the
need. Indeed, Nooteboom (2007, p.146) has noted that,

“More trust will allow for less contract, ceteris paribus, but trust and
contract are both needed, as they are both limited in their grasp.”

The degree of substitutability depends on the particular institutions (both formal and informal) being investigated and the speciﬁc characteristics of the participants in the transaction.
For some situations, monitoring and sanctioning may be inherently more substitutable for
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trust than others. In other settings institutions may be complementary, requiring greater
levels of trust to operate eﬀectively.
In the remainder of the introductory chapter I will review the literature on these topics
and introduce the three chapters of the dissertation. The next section reviews the literature
on trust and Section 3 reviews the literature on monitoring and sanctioning. Section 4
introduces the three analytical chapters.

2. Trust
Trust is a widely studied social phenomenon. It has been linked to large scale economic
growth (Knack and Keefer, 1997; Easterly, 2006); successful democratization (Putnam,
1993); high social status, optimism, a favorable attitude towards democracy, and general
happiness (Rothstein, 2005); democratic transition and social network connections (Gibson,
2001); and the probability of successful collective action (Fukuyama, 1995; Ostrom, 1999;
Putnam, 2000).6
Some scholarship confuses interpersonal trust with an outcome of successful cooperation
(Sobel, 2002; Yamagishi et al., 2005; Elster, 2007).7 In order to clarify what I mean by trust
throughout the dissertation, and to distinguish trusting behavior from cooperative behavior,
I will deﬁne trust according to Sobel (2002): “Trust is the willingness to permit the decisions
of others to inﬂuence your welfare.”
6Although, see Sobel (2002) for a general critique of this work and Roth and Schüler (2006) for an empirical

critique of the relationship between trust and economic growth. See Jackman and Miller (1998) for a critique
of the theoretical causal mechanisms linking social capital, speciﬁcally trust, and political outcomes.
7Political scientists have distinguished between trust in political institutions and interpersonal trust. While
interpersonal trust refers to the actions of other individuals of society, institutional trust refers to “conﬁdence
that political institutions would not misuse their power” (page 478 Lühiste, 2006). Note that there is also
a substantial literature investigating both the causes and eﬀects of institutional trust, i.e. the trust that
individuals have in political and economic institutions. See Keele (2005) and Keele (2007) for examples and
references. This type of trust is not analyzed in this dissertation.
Interpersonal trust and institutional trust may be linked, but it remains unclear whether institutional trust is
a consequence of interpersonal trust or a cause (Lovell, 2001). Rothstein (2004) explains evidence from past
research indicating “no strong correlation between political trust, deﬁned as trust in democratic institutions,
and social trust.” (See also Holmberg, 1999; Newton, 1999). The author then gives a theoretical argument
about why this might be the case. Some forms of democratic politics are meant to be partisan and interest
driven. Democratic citizens will probably trust government institutions that are supposed to be partisan
dependent upon whether they are a member of the majority party; however, “it is diﬃcult to ﬁnd any logical
reason why these conditions should aﬀect [their] trust in other people (Rothstein, 2004, p. 22).”
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Uslaner (2002) distinguishes between generalized trust and particularized trust. Those
with particularized trust have a small group of people (e.g. family, friends, those with a
similar ethnicity) that they trust. Those with generalized trust extend beyond these groups
and believe that people can generally be trusted. Those with generalized trust are more
likely to experience the beneﬁts of trust mentioned previously (Rothstein, 2005). In almost
every society people trust kinfolk, but only in some societies does this trust extend outward
to strangers. Only societies with generalized trust tend to experience economic growth
(Knack and Keefer, 1997).8
Trust aﬀects virtually every aspect of human cooperation, from economic transactions
to social friendships. An example of the economic eﬀects of generalized trust are illustrated
by Easterly (2006, p.81),
“Malagasy grain traders carry out inspections of each lot of grain in person
because they don’t trust employees. One third of the traders say they
don’t hire more workers because of fear of theft by them. This limits the
grain traders’ ﬁrm size cutting short a traders success (Fafchamps, 2001).
In many countries companies tend to be family enterprizes because family
members are the only ones felt trustworthy. So the size of the company
is then limited by the size of the family.”
Similarly, there are beneﬁts of generalized trust in other realms. If citizens trust each
other in the political realm, then they are more likely to engage in democratic activities,
which in turn improves the eﬀectiveness of democracy (Putnam, 1988). Generalized trust
allows political activism to extend beyond small networks. For example, Andrews (2007)
shows that less interpersonal trust is associated with more cases of public service failure
(across a number of diﬀerent services) in England. If citizens do not trust each other
8Note that Hardin (2002) and Cook, Hardin and Levi (2005) argue that generalized trust is a poorly speciﬁed

theoretical construct. They argue that trust can only be analyzed with particular individuals in particular
circumstances; that is X trusts Y to do A under circumstance B. Humans do not trust all strangers under
every circumstance and under every scenario. Thus, the general question of the World Values Survey (WVS)
used in most empirical studies, “Can most people be trusted?”, seems ill equipped to handle the intricacies
of most trust relationships. Nonetheless, answers to the WVS questions appear highly correlated to many
positive social outcomes at the aggregate level and it seems unlikely that such a consistently “unusually
accurate” (Rothstein, 2005, p.52) correlation would be spurious.
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they have diﬃculty organizing to hold publicly elected oﬃcials accountable to provide such
services.
2.1. Post-Communism. Given the importance of trust, scholars have sought to ﬁnd
institutional settings and public policies that foster the ability of citizens to trust one another
and government agents. Some have argued that the capacity to trust depends on deeply
rooted cultural traditions (Fukuyama, 1995; Sobel, 2002). Yamagishi (1998), for example,
asserts that trust in Japan emerged over time under patterns of mutual reinforcement.
He found that those with high generalized trust are able to cooperate with others. This
cooperation, in turn, reinforces levels of trust. Those with low levels of generalized trust
engage in trusting relationships less frequently with strangers. On the rare occasions when
they do trust they are unable to discriminate trustworthy partners. More often they have
negative experiences when they risk trust. Thus, generalized trust and mistrust are selfreinforcing. Societies with more citizens that trust are even more likely to trust in the
future. Societies with fewer trusting citizens are even less likely to trust in the future.
Rothstein (2005, p.113) argues that this self-reinforcement implies a need for institutions
that give “individuals opportunities to seek contacts outside their routine and ingrained
frameworks” to raise levels of trust. Yamagishi (1998) argues that “collectivist societies”
destroy trust.9 Because group members in collectivist societies do not engage in trusting
relations with those outside their group generalized trust levels are low.
Many scholars have shown that low levels of trust persist in post-communist societies
(Gibson, 2001; Lovell, 2001; Kornai, Rothstein and Rose-Ackerman, 2004; Bahry and Wilson, 2006; Sapsford and Abbott, 2006; Shlapentokh, 2006). This is seen as an impediment
to the transitional democratization process (Gibson, 2001; Lovell, 2001). Cook, Hardin and
Levi (2005) argue that broad political and economic transitions create uncertainty about
the behavior of others in society. If others’ behavior is more uncertain, then citizens are less
likely to be willing to let others take actions that directly inﬂuence their welfare; they are
less likely to trust. In addition, new institutions are unproven and unfamiliar to citizens.
9He deﬁnes collectivist societies as those societies made up of groups whose members predominately exhibit

particularized trust.
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Trust in new institutions is unlikely until either interpersonal trust increases or institutions
prove adequate to address the problems they were created to tackle. Gibson (2001), for example, ﬁnds in a 1998 survey that Russians have very low levels of generalized trust: only 31
percent believed that most people can be trusted. Koford (2003) has found that Bulgarian
university students have very high levels of trust when the situation involves trusting others
from their same social groups—i.e. other students. However, students were far less trusting
of those outside their social groups—i.e. employers or professors. Many authors have found
generally lower levels of trust in post-communist and transition societies (Kornai, Rothstein
and Rose-Ackerman, 2004; Bjørnskov, 2007).
3. Monitoring and Sanctioning
Monitoring and sanctioning is the second mechanism identiﬁed in past research whereby
the probability of cooperation might be increased in collective-action dilemmas. In order
to consider the eﬀects of monitoring it is helpful to ﬁrst consider the motivations people
face when deciding whether to adhere to rules. Note that oﬃcials usually have limited
budgets and therefore a limited ability to monitor actions. If those being monitored care
only for monetary incentives, the optimal level of monitoring and sanctioning exists where
the marginal costs of engaging in such activities just equals the marginal costs (Hackett,
2006, ch.9). Indeed, scholars interpret monitoring and sanctioning as a deterrent; those
being monitored will adhere to the rules insomuch as the expected penalty of breaking the
rule is just equal to the expected economic gain (Hackett, 2006). This is often referred to
as the economic theory of crime (Becker, 1968).
The economic theory of crime was developed by Becker (1968) and Stigler (1970), and
is outlined in Polinsky and Shavell (2000). In its most basic sense, the economic theory
of crime states that an individual is willing to engage in a criminal act if the expected
marginal beneﬁts of violation are greater than the expected marginal costs of violation.
The expected marginal costs of committing a crime is equal to the product of: (1) the cost
of the penalty, (2) the probability of detection, and (3) the probability of being sanctioned,
given detection (Hackett, 2006). In the environmental policy arena, “the ﬁrm pollutes up
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to the point at which the marginal cost of further abatement equals the marginal savings
in terms of expected penalties (Heyes, 1998).”
In many areas of research, little empirical evidence exists to supports the economic
theory of crime. In laboratory settings, high rates of compliance have been observed in
many social dilemma settings (Sefton, Shupp and Walker, 2007). In the ﬁeld there is now
much evidence suggesting that citizens tend to comply with the law far more often then the
economic theory of crime would predict (Whitaker et al., 1982; McCluskey, Mastrofski and
Parks, 1999).10 Speciﬁcally, unexpectedly high rates of compliance exist in tax compliance,
environmental regulation, and among states that are party to international agreements.
Alm (1996) looks speciﬁcally at tax compliance, and proposed ﬁve competing theoretical
explanations for unexpectedly high levels of compliance:
(1) Detection and punishment follows Becker’s (1968) economics-of-crime. However,
this theory does not tend to ﬁt empirical observation.
(2) A prospect theory (Tversky and Kahneman, 1974; Kahneman and Tversky, 1979;
Dhami and al Nowaihi, 2007) of compliance. Taxpayers overweigh low probabilities;
even well informed individuals overweigh the probability of being caught in the
expected utility maximization problem.
(3) Burden of taxation: when the burden of taxation increases, less will be reported.
A higher tax rate discourages compliance (this is not a result from expected utility
theory).
(4) Taxpayers think of taxes as voluntary contributions to public goods. Even in
theoretical models, there may be some incentive to contribute to public goods
(Samuelson, 1954). Much research now shows public good contributions occur
even above the theoretically predicted levels of contributions. The amount of
these contributions tend to increase when provision is repeated and the rates of
compliance are well known (players know the compliance rates of others).
10In defense of this model, some scholars contend that the gap between theory and evidence might be closed

by assuming suﬃciently high risk aversion. This is not convincing as the risk aversion that is needed in
order to raise compatibility with actual compliance, at least in tax compliance, is not supported by evidence
(Graetz and Wilde, 1985; Alm, McClelland and Schulze, 1992; Feld and Frey, 2002).
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(5) Social Norms: People think it is morally imperative to pay taxes. If people behave
according to a “logic of appropriateness,” they may deﬁne one of their roles as a
citizen to pay taxes (March and Olsen, 1989). This imperative is diﬀerent across
cultures, so we should observe diﬀerent compliance rates across countries (Serra,
2003).11
Not only do individuals seem to comply with rules more often than would be expected
from the economic theory of crime, but individuals have also shown a willingness to monitor and enforce rules themselves. This is a second order collective action dilemma (Panchanathan and Boyd, 2004). We observe individuals willingly cooperating in ﬁrst order
collective action dilemmas (such as by harvesting fewer resource units in a CPR), but we
also observe them cooperating to monitor and sanction others that do not cooperate in the
ﬁrst order dilemma (such as by monitoring forest use).
Recent theoretical work shows how such behavior may evolve (Henrich and Boyd, 2001;
Boyd et al., 2003; Milinski, Semmann and Krambeck, 2002; Panchanathan and Boyd, 2004;
Hauert et al., 2007). These behaviors have also been investigated in experimental settings
with with students (Ostrom, Walker and Gardner, 1992; Ostrom, Gardner and Walker,
1994; Fehr and Gächter, 2000; Boyd et al., 2003; Fehr and Gächter, 2002; Sefton, Shupp
and Walker, 2007) and in ﬁeld experiments from societies around the world (Henrich et al.,
2006).
3.1. Common-pool Resources. Many studies have now shown that monitoring and
sanctioning are key elements in explaining sustainable CPR management (Hayes and Ostrom, 2005; Gibson, Williams and Ostrom, 2005; Ostrom and Nagendra, 2006; Pagdee, Kim
and Daugherty, 2006; Coleman, 2009). In Chapter 2 I show that monitoring and sanctioning activities by user groups can have a profound impact on forest outcomes, even after
11Increasing monetary ﬁnes may actually “crowd out” social norms to comply (Frey, 1997). For example,

Tenbrunsel and Messick (1999) describe a laboratory experiment where subjects were given a decision to
invest part of a managerial budget for scrubbers on factories to reduce emissions. The subjects’ compliance
to scrubber investment was then monitored; in two treatments subjects were given either high or low ﬁnes
based on their compliance. Surprisingly, with low ﬁnes compliance was higher than with high ﬁnes. When
ﬁnes were low the subjects thought they made an “ethical decision” and when ﬁnes were high the subjects
though they made a “business decision.” Levitt and Dubner (2005, p.23) warn that monetary ﬁnes can
“substitute an economic incentive for a moral incentive,” allowing people to buy oﬀ their guilt.
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controlling for a number of potentially confounding variables. Some research shows that
both external government monitoring and internal user group monitoring can be eﬀective
(Lejano and Ingram, 2007). Other research has shown that the source of monitoring may
be have diﬀerent impacts on outcomes. Cardenas (2004), for example, argues that externally imposed rules and monitoring institutions have often failed even if those rules are
mathematically optimal.
Monitoring may be more diﬃcult for some communities of resource users simply because
the nature of the resource makes information on others’ actions diﬃcult to obtain. Schlager,
Blomquist and Tang (1994) show that it is much more diﬃcult to monitor ambient resources
(rivers) than stationary resources (lakes). Thus, some type of CPRs may require diﬀerent
types of institutions to deal with more complex resources (Ostrom, 1998).
It is clear from a number of laboratory experiments that group monitoring reduces
harvesting in generic CPR games (Ostrom, Walker and Gardner, 1992; Ostrom, Gardner
and Walker, 1994; van Soest and Vyrastekova, 2006). van Soest and Vyrastekova (2006)
ﬁnds that subjects actually sanction too much in these games, reducing net eﬃciency at
least in early rounds. In later rounds of the CPR game, however, sanctioning appears to
diminish while harvesting remains low; the mere threat of sanction is suﬃcient to induce
cooperative behavior.

3.2. Environmental Regulation. Harrington (1988) asserts that compliance to EPA
rules in some sectors is as high as 90% despite the fact that enforcement is very weak.12 For
instance, from 1978-83 the state of Connecticut issued 800 notices of violations, but only
21 cases involved a penalty, and of these the average ﬁne was $363. Russell (1990) found
that large air pollution emitters were only visited once every 8 months and large water
pollution sources once every 5 months. Penalties per discovered violation ranged from $0

12However, Heyes (2001) mentions that an unpublished GAO study ﬁnds only 3% of ﬁrms designated as

compliant were actually compliant with the standard, and that compliance is quite diﬃcult to analyze
because it is generally unobserved.
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to $2,500. Given this data, it is diﬃcult to explain the relatively high levels of compliance
with environmental regulations in these areas.13
3.3. Tax Compliance. From the perspective of those studying tax compliance rates,
the the mystery is not that taxpayers cheat, but that they do not do enough cheating.
The IRS only audits about 1% of returns and has modest ﬁnes for noncompliance (75% of
unpaid taxes).
Alm and McKee (2004) treat tax compliance as a coordination game, rather than a
public goods or common-pool resource game. High tax compliance rates may be explained
by selective auditing by revenue agencies. If a particular taxpayer’s ﬁling “stands out”
from a group of their peers, then they are more likely to be audited. Alm and McKee
treat this as a coordination problem among taxpayers. If they could coordinate on a zero
compliance level, then they would all be better oﬀ. However, the authors ﬁnd little evidence
that subjects are able to coordinate at such low levels of compliance. In the language of
Schelling (1960), the focal point for this game appears to be a non-zero compliance rate.
This suboptimal focal point may be due to high transaction costs of coordinating—there are
many taxpayers (Coase, 1960) and no fora for face-to-face communication (Ostrom, 2005).
3.4. International Agreements. Two questions interest scholars of international
regime compliance: Do states comply? and Are international institutions the cause of
this compliance (Haas, 1989)? The answer to the ﬁrst question is that states generally comply with international institutions (Kegley and Raymond, 1982; Chayes and Chayes, 1993;
Chayes, 1994; Haas, Keohane and Levy, 1993; Mitchell, 1998; Mitchell and Simmons, 1994;
Mitchell, 1994; Young, 1989, 1994). Simmons (2000) argues that international law imposes
reputation beneﬁts; signers signal a credible commitment to comply with the regime, and
in so doing increase their post-treaty beneﬁts from compliance. She ﬁnds that reputation
eﬀects are regional in monetary law; that is, that states tend to have regionally signiﬁcant
reputation. If other states in their geographic region adhere to the regime, then those states
13Some have argued that high compliance rates may be due to environmental preferences of managers as

individuals within the ﬁrms who decide pollution levels (Sterner, 2003).
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are more apt to comply as well. If other states in the geographic region do not comply, then
a state is less likely to comply.14
Others, however, argue that the international regimes impose no additional costs or
beneﬁts to signatories of the treaties. Downs and Rocke (1995), for example, show how
domestic politics prevent states from entering into institutional arrangements that would
constrain domestic policy. They argue that we often see correlations between institutions
and behavioral change, but those changes would have been made anyway. In fact, Downs,
Rocke and Barsoom (1996) later showed that institutions might have negative eﬀects on
compliance.
Underdal and Hanf (2000) have shown that economic ﬂuctuations and changes in relative
prices of goods most eﬀected by the Long Range Transboundary Air Pollution Convention,
were the primary drivers of compliance, not the convention itself. Ringquist and Kostadinova (2005) have shown that the signatories to the 1985 Montreal Protocol have reduced
Sulfur Dioxide Emission; but, they ﬁnd no evidence that the Montreal Protocol Regime was
the cause of the reduction. Rather, they found similar economic trends to be the primary
drivers of compliance.

4. An Overview of the Chapters
In the previous sections I reviewed the literature on trust, monitoring, and sanctioning.
I conclude that compliance to rules is often quite high despite low levels of monitoring
and sanctioning; this is especially evident in tax compliance and environmental regulations,
and may also be true for many international environmental agreements. If this is the case,
then complete monitoring and sanctioning cannot be optimal.There is a role both for the
eﬀectiveness of generalized trust and for monitoring and sanctioning to increase regulatory
compliance.
The empirical sections of the three chapters test the role of monitoring, sanctioning, and
trust in natural resource settings. The ﬁrst chapter assesses the role of three institutions on
14It is important to note, however, that regimes that require little behavioral change may improve compliance

eﬀorts, but have no substantive eﬀect on outcomes.
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outcomes in forests from a number of sites across the world, using data from the International Forestry Resources and Institutions (IFRI) research program (Gibson, McKean and
Ostrom, 2000). The second chapter investigates correlates of the propensity of both local
and external government representatives to engage in monitoring and sanctioning activities
in forestry. This chapter also uses IFRI data. The third chapter assesses interpersonal
trust in two institutional settings in Bulgaria from a series of (artefactual) ﬁeld experiments
conducted in the Fall 2007. Each of these papers will be brieﬂy reviewed in light of the
previous literature review.
4.1. Institutions and Biological Outcomes in Forest Governance. Although
there is considerable interest in the impact of diverse policies aﬀecting the biophysical outcomes in forests, gaining a substantial sample over time of forests under diﬀerent institutional arrangements has been diﬃcult. This chapter analyzes data from 46 forests located in
six countries over time. In forests where policies have been adopted for conservation, active
monitoring and sanctioning by locals is associated with positive forest conditions. Forests
that allow user group harvesting, perhaps counterintuitively, are also shown to be associated with positive forest conditions. However, conditions in community-managed forests
are not statistically diﬀerent from government- or privately managed forests. This implies
that local communities can play an important role in achieving positive forest conditions
but that full management responsibilities need not be given to achieve these results.15
4.2. Monitoring and Sanctioning on the Commons: An Application to Forestry.
We examine theoretical determinants of monitoring and sanctioning at both the local community level and from external government agents using the Institutional Analysis and
Development (IAD) framework. We then estimate a bivariate probit statistical model to
test the theory using data from 100 forests in 14 countries collected by the International
Forestry Resources and Institutions (IFRI) research program. Among other things, we ﬁnd
that a right to harvest some portion of the resource is an important determinant of local
15This chapter was published as an article in the January 2009 issue of Journal of Policy Analysis and

Management.
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monitoring and sanctioning. The number of external aid agencies and NGOs is an important
determinant of external monitoring and sanctioning.16
4.3. Trust in Transition: Experimental Evidence from Bulgaria. I report the
results from a series of experiments designed to investigate behavior in private property and
common property institutional settings. The experiments closely parallel previous studies of
the trust game and were conducted with participants drawn from non-student populations
in Bulgaria in the fall of 2007. The primary research question relates to the eﬀect of the
initial allocation of property rights on trusting behavior in a transition society. I ﬁnd that
contrary to results from the United States, levels of trust and reciprocity in Bulgaria are
signiﬁcantly lower in a common property setting than in a private property setting.17

16This chapter is co-authored with Brian Steed and is a forthcoming article in Ecological Economics.
17This chapter has been submitted as a research article to the Journal of Economic Behavior and Organi-

zation and is currently under review.

CHAPTER 2

Institutions and Biological Outcomes in Forest Governance

For the laws of nature, as justice, equity, modesty, mercy, and, in
sum, doing to others as we would be done to, of themselves, without
the terror of some power to cause them to be observed, are contrary
to our natural passions, that carry us to partiality, pride, revenge,
and the like. And covenants, without the sword, are but words and
of no strength to secure a man at all. Therefore, notwithstanding the
laws of nature (which every one hath then kept, when he has the will
to keep them, when he can do it safely), if there be no power erected,
or not great enough for our security, every man will and may lawfully
rely on his own strength and art for caution against all other men.
Thomas Hobbes

1. Introduction
Policy scholars have long examined common pool resource (CPR) systems and the great
variety of institutions used to govern them (National Research Council, 1986, 2002; Ostrom,
1990, 2005).1 A CPR is a resource for which it is relatively costly to exclude users but the
use of the resource is subtractable or rivalrous in consumption (McKean, 2000; Ostrom,
Gardner and Walker, 1994). Early scholars demonstrated that in open access, commons
1This chapter appeared as the following article: Coleman, Eric. 2009. “Institutional Factors Aﬀecting

Biophysical Outcomes in Forest Management.” Journal of Policy Analysis and Management 28(1): 122–
146.
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users will deplete the resource (Hardin, 1968). Hardin proposed that this tragedy could be
avoided by either privatization or external government regulation.
Ostrom (1990) has argued that many CPRs are not open access and that communities
often, although not always, create institutions to prevent tragedy. There is now much policy
debate on how to incorporate communities into resource governance. Some argue that
policies should enable local communities to manage such resources (Uphoﬀ, 1998; Wade,
1994). A whole literature on community-based natural resource management (CBNRM)
has emerged from this paradigm (Kellert et al., 2000). Others are quite skeptical of this
approach (Agrawal, 2001b; Blaikie, 2006). Some argue that national preserves are the only
way to save forests and other biologically diverse ecosystems (Terborgh, 1999). Still others
advocate for some form of privatization (Anderson and Leal, 2001). In recent work, Ostrom,
Janssen and Anderies (2007) argue that there is no panacea for such problems and that local
institutions need to be adapted that ﬁt the particularities of a situation.
Many types of policies have been implemented to incorporate local communities into
forest management activities. This paper sheds light on the eﬀects of some of these policies
on the biophysical outcomes in forests. It has been diﬃcult to gain a substantial sample
over time of CPR outcomes under diﬀerent institutional arrangements to test the relative
eﬃcacy of diﬀerent policies. The data set employed in this paper, consisting of over-time
observations in 46 forests, oﬀers a unique opportunity to analyze the eﬀects of diﬀerent institutions on forest outcomes. I ﬁnd that the forest management type (private, government,
or local) does not signiﬁcantly aﬀect biophysical outcomes in the models analyzed. Instead,
I ﬁnd that monitoring regularity, the existence of rights to local users to harvest from the
forest, and socioeconomic conditions are associated with positive forest conditions.
For the remainder of this section, I review the literature on forest policy and monitoring
and sanctioning. In the next section, I outline a strategy to analyze forest outcomes across
the sites and over time. In the third section, I propose and estimate an empirical model
of forest conditions dependent on a number of social, economic, and biophysical variables.
In the ﬁnal sections, I report and discuss the estimation results and conclude with policy
recommendations and a discussion of the shortcomings of the paper.
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1.1. Forest Policy. A large amount of research examines the types of rules that might
be used to eﬀectively manage long-enduring resource systems. Much empirical evidence exists examining rules and comparing them to management outcomes (Ostrom, 1990; Agrawal,
2001a; Dietz, Ostrom and Stern, 2003). Recently, Pagdee, Kim and Daugherty (2006) conducted a review of the existing literature in forestry and concluded that among the institutional variables identiﬁed as important, “eﬀective enforcement” has one of the strongest
associations with success in forest management. This conﬁrms work by Gibson, Williams
and Ostrom (2005) that argues regular sanctioning and monitoring of rules is a necessary
condition for successful management.
Many empirical studies link institutional variations with variation in forest outcomes.
For example, Gibson, Lehoucq and Williams (2002) assess a number of biophysical criteria
in Guatemalan forests to show that privatized forests do not outperform community forests.
Agrawal and Chhatre (2006) look at forests in Nepal and relate attributes of communities
and their forest institutions to explain variations in forest outcomes. A book edited by
Gibson, McKean and Ostrom (2000) contains many empirical studies. Varughese (2000)
assesses the role of population growth and many other variables on the willingness to participate in collective action and the subsequent eﬀects on forest conditions. Agrawal (2001b)
examine institutions in India and ﬁnd that large forest councils are more successful than
smaller councils.
Recent work by Gibson, Williams and Ostrom (2005) and Hayes and Ostrom (2005)
attempted to compare forest conditions across diverse ecologies and countries. These papers
do not use physical measures of forest conditions such as basal area or species diversity, but
instead focus on (subjective) assessments of forest conditions by expert foresters and local
community members. Ostrom and Nagendra (2006) recently extended this analysis by
assessing changes in physical measures over time. They then compare physical changes
across diverse ecologies and countries. However, the authors looked only at diﬀerences
in mean characteristics across institutional types. In this paper, I examine the eﬀects of
institutional variation on biophysical outcomes in diverse settings, while controlling for
potentially confounding variables.
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1.2. User Group Monitoring and Sanctioning. Monitoring and sanctioning has
been shown to be a key element in explaining successful CPR management (Gibson, Williams
and Ostrom, 2005; Hayes and Ostrom, 2005; Ostrom and Nagendra, 2006; Pagdee, Kim and
Daugherty, 2006). There are two important issues, however, in assessing the role of monitoring and sanctioning in forestry. First, what type of monitoring and sanctioning are most
likely to be the most eﬀective? Second, how eﬀective can monitoring and sanctioning be?
Some research has shown that the source of monitoring and sanctioning is important.
Externally imposed rules and monitoring institutions have often failed even if those rules
are shown to be mathematically eﬃcient in a general CPR model (Cardenas, Stranlund
and Willis, 2000; Cardenas, 2004; Ostrom, 1990; Ostrom, Gardner and Walker, 1994). For
example, Cardenas, Stranlund and Willis (2000) ran a series of ﬁeld experiments in rural
Colombia. Subjects were allowed to allocate resources (that is, how many months to harvest
in a forest) and then received payoﬀs according to their share of the commons production.
In ﬁve designs, subjects were allowed to make some rule about their investment in the
commons. The subjects were then told there was a probability of 1/16 that a subject
would be monitored.2 When subjects were allowed to make their own agreements, the
outcomes were at least as good as in the rule-free environment, and often much better.
Cardenas, Stranlund and Willis (2000) then ran a series of ﬁve more experiments where the
subjects were given an optimal quota rule for the resource system with the same probability
of monitoring. Subjects actually increased their harvesting levels in these experiments.3
Cardenas, Stranlund and Willis (2000) conclude that they “have presented evidence that
the fundamental reason for the poor performance of external control is that it crowded out
group-regarding behavior in favor of greater self-interest” (p.1731).

2The experimenter would roll a die to determine whether there would be monitoring. If the die was even,

then the experimenter randomly selected one of the eight subjects to monitor. Thus, the probability of being
monitored was 1/16.
3This conﬁrms the hypothesis of Frey and Oberholzer-Gee (1997) and Frey (1997) that externally imposed
rules can crowd out intrinsic or community-based norms and rules and lead to worse outcomes (Ostrom,
2005).
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In this paper, I examine the role of user group monitoring and sanctioning because,
following Cardenas, Stranlund and Willis (2000), it is expected to have the greatest potential eﬀect. This augments the existing literature by reporting the eﬀects of user group
monitoring across a number of forest CPRs in ﬁeld settings to conﬁrm what those authors
found in ﬁeld experiments. If user group monitoring can improve forest conditions, then
external governments may, to some extent, rely on local eﬀorts to devise and monitor their
own rules adapted to local conditions. This allows governments to allocate resources more
eﬀectively while at the same time preserving user group eﬀorts of collective action that
might otherwise be crowded out. On the other hand, government monitoring and sanctioning might still play an important role in “monitoring the monitors” and backing up local
eﬀorts (Ostrom, 1990; Lejano and Ingram, 2007).
The other important issue is measuring the eﬀects of monitoring and sanctioning, and
its relative eﬃcacy vis--vis other institutional factors. As discussed, there is a fair amount
of literature testing the eﬀects of monitoring and sanctioning in commons problems in
laboratory settings.4 Many case studies also conclude that monitoring and sanctioning are
important.5 Why do monitoring and sanctioning play such a prominent role in common
pool resource management? Part of the problem of analyzing monitoring and sanctioning is
that it presents a second-order collective action problem (Ostrom, 2005; Panchanathan and
Boyd, 2004). Monitoring and sanctioning are public goods, beneﬁting the group at personal
costs to the individual. To suggest that common pool resource problems can be solved with
monitoring and sanctioning merely introduces a second-order dilemma. Still, many groups
eﬀectively engage in monitoring and sanctioning activities, so these eﬀorts need to be taken
seriously.
The decision to engage in monitoring and sanctioning is often presented in terms of
one-shot decisions. If instead we think of the willingness to engage in monitoring and
sanctioning in terms of the reputations that can be built among group members over time
in repeated games, then it may be possible for humans to successfully commit to such
4See Ostrom, Gardner and Walker (1994), Cardenas, Stranlund and Willis (2000), and Cardenas (2004).
5See Pagdee, Kim and Daugherty (2006).
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actions. There are now cogent theoretical arguments suggesting that users can credibly
engage in costly monitoring and punishment in such repeated game situations (Milinski,
Semmann and Krambeck, 2002; Boyd et al., 2003; Panchanathan and Boyd, 2004; Hauert
et al., 2007). In addition, there is empirical evidence from experimental laboratory work
indicating that subjects do, in fact, engage in costly punishment (Fehr and Gächter, 2000,
2002; Ostrom, Walker and Gardner, 1992; Sefton, Shupp and Walker, 2007) and also ﬁeld
experiments in developing countries to conﬁrm this (Henrich et al., 2006).
This literature also shows that monitoring and sanctioning are eﬀective. In a recent
paper, Sefton, Shupp and Walker (2007) conduct a public goods game where cooperation
is measured each round by the number of tokens that subjects allocate to a group fund.
The authors had three treatments where, in the latter rounds of the game, subjects could
punish others in their group at a cost to themselves, reward others at a cost to themselves,
or reward and punish. The authors found that all of the treatments increased cooperation
above the baseline treatment where no sanctions or rewards were allowed. The CPR experimental literature also indicates that both pecuniary and nonpecuniary measures can
induce cooperation on the commons (Ostrom, Walker and Gardner, 1992). There is also
much ﬁeldwork documenting instances and types of social shaming that induce community
members to comply with institutional requirements (Ostrom, 1990). Monitoring exposes
rule breakers to these social consequences. Where there is no monitoring, even if sanctioning
rules exist, they are not enforced because rule breakers cannot be caught. It is also likely
that where there is no monitoring, sanctioning mechanisms may be weak (either small ﬁnes
or little ability for a community to eﬀectively shame a member).
2. Comparing Outcomes Across Forests
As mentioned, researchers have recently begun to compare community forest conditions
under diﬀerent management schemes and institutional types (Gibson, Williams and Ostrom,
2005; Hayes and Ostrom, 2005; Ostrom and Nagendra, 2006). I extend this research in
three important ways. First, this paper does not solely rely on subjective measures of
forest outcomes. Gibson, Williams and Ostrom (2005) and Hayes and Ostrom (2005) relied
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on expert foresters evaluation of the forest. I use biological outcome measures taken from
sampled forest plots at a number of community forests throughout the world. The outcomes
measured are binary variables indicating signiﬁcant change over time in Basal Area, which is
a strong indicator of biomass (Husch, Beers and Kershaw, 2003), and the Shannon Diversity
Index (a measure of species diversity).
Second, I control for a number of potentially intervening variables that prior research
does not. Gibson, Williams and Ostrom (2005), Hayes and Ostrom (2005), and Ostrom and
Nagendra (2006) all assess diﬀerences in evaluation criteria by looking at the distribution of
outcomes by management type and user group monitoring. The diﬀerences these authors
ﬁnd may be due to the variables they are examining or due to a host of other intervening
factors. In this paper, I control for a number of biophysical and socioeconomic variables,
as described in the next section.
Third, I assess biophysical outcomes according to conservation policies of the forest.
Andersson and Gibson (2007) have convincingly argued that the outcome measures used
to assess institutional arrangements have often not taken into account policy goals. It
may make no sense to declare a community-managed forest as a failure when a forest is
commercially logged, if the goal of the manager is to generate revenue. Thus, if we are to
assess forest conditions, we must be sure that the public policies aim to achieve the outcome
measures. Of course, in practice, this is diﬃcult to do. Few public policies explicitly set
goals to increase biomass or species diversity. For the purposes of this paper, I assume
that forests that restrict harvesting do so implicitly with the goal in mind to increase Basal
Area and the Shannon Diversity Index. The important comparison for this paper, then, is
not whether community-managed forests have more basal area than government-managed
forests. A community-managed forest may have less basal area because the policy goal is
to harvest from the forest. This can hardly be called a management failure. The important
question is whether community-managed forests have more basal area than governmentmanaged forests conditional on policies to restrict harvesting.
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3. Empirical Analysis
3.1. Data. I use data gathered from the International Forestry Resources and Institutions (IFRI) program. IFRI is an eﬀort by a worldwide network of colleagues to systematically assess social-biological forest systems that aﬀect local communities.6 Research teams
are deployed to sites where a forest is used by a local community. They assess local forestry
management, society, and biology of the forest. Researchers at each site follow the same
set of data-gathering protocol for both biological and social data. This ensures a relatively
consistent way to compare data across forests. Over 200 site visits have been conducted
by IFRI colleagues. In this paper, I use data from 46 of these forests. Only data from
forests that have been visited twice were used. These data come from six countries. The
number of sites from each country is reported in Table 1. These forests do not represent
a random sample of all forests in the world (it is hard to imagine a process for such selection). However, IFRI sites are not selected on the basis of the dependent variable biomass,
species diversity, or any comparable outcome. The criteria for selection of IFRI sites vary
across countries, time, and IFRI network colleagues research interests; however, sites are
nonetheless selected based on values of independent variables. For example, often sites are
selected to include one community-managed forest, one government-managed forest, and
one privately managed forest in a local ecology. None of the sites were sampled because
they stood out as being a particularly successfully managed forest.
The data do not restrict the range of possible values for the dependent variable but
may constrain the values of the independent variables upon which the cases have been
selected. The popular inference from such a design is that the parameter estimates hold
for the sample, but not the population. However, it is more correct to say that the results
are generalizable to cases with similar variation in the independent variables under the
sampling procedure (King, Keohane and Verba, 1994, ch.4). Thus, care should be taken

6IFRI was originally started at Indiana University, Bloomington, and has partnered with research centers

in countries around the world. The coordination of the IFRI program was, until recently, located at the
Workshop in Political Theory and Policy Analysis at Indiana University but is now shifting to the School of
Natural Resources at the University of Michigan.
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Table 2.1. Distribution of Sites by Country
Country Frequency Percent
GUA
IND
KEN
NEP
UGA
USA

1
5
3
11
20
6

2.17
10.87
6.52
23.91
43.48
13.04

Total

46

100.00

when generalizing these results to forests that have values of independent variables outside
of the range of this study. Summary statistics for all variables are found in Table 2.
Table 2.2. Summary Statistics
Variable
Basal Area
Shannon Index
Forbid Harvest
Monitor and Sanction
Private
Government
Community
HH per Forest Hectare
Forest Value
Socioeconomic Conditions
Prop Rights
GDP per Capita PPP
Wage
Fuelwood Dependency

Mean Std. Dev.

Min.

Max.

N

1
1
1
1
1
1
1
377
8

46
46
46
46
46
46
46
46
46

0.543
0.630
0.326
0.391
0.174
0.543
0.283
10.587
5.163

0.504
0.488
0.474
0.493
0.383
0.504
0.455
55.446
1.376

0
0
0
0
0
0
0
0
2

0

1.838

-1.183

5.017
5483.678
5.904
60.02

4.664 46

1.664
3.54
9.040 46
11815.805 576.300 36837.258 46
13.361
0
40 46
38.025
0
100 46

3.2. Outcome Variables. Biological data are obtained by randomly selecting forest
plots in each forest. Mensuration is then performed to determine speciation, density, tree
height and diameter, as well as other indicators. About 30 plots are selected for each
forest; however, the number of plots in each forest varies considerably due to the variability
found in diverse forests. The speciﬁc number of plots selected for each site depends on a
performance curve. A suﬃcient number of plots are selected so that the variation in mean
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estimates of a key variable (such as basal area) becomes very small if additional plots are
added. Determining the number of plots depends on the biophysical variability and size of
the forest as well as the comparisons to be made with the data.
The most frequent number of plots selected for the forests used in this study is 30. Figure
1 shows a histogram of the number of plots selected in each forest for each visit. Because
there are 46 forests and there are two visits per forest, the total number of visits is 92. The
ﬁgure clearly shows that the most frequent number of plots chosen for comparison is 30.
However, many forests have fewer than 30 plots and ﬁve forests have fewer than 10 plots.
This is because there is virtually no biophysical variation at forests in these sites, making
more plots unnecessary. For example, two of the ﬁve forests are from a ﬁrst and second
visit to a site in India where the forest has been completely denuded. Thus, selecting more
forest plots for mensuration would not improve the estimate of basal area for the forest,
which is 0.
The outcome variables used in this paper, Basal Area and the Shannon Diversity Index,
are constructed for each forest in the following manner: First, estimates for each of these
measures is calculated for each plot during each visit (adjusting for size of the plot if there
has been a change); second, a comparison of means t-test is performed to assess whether
each variable has changed during the interval between site visits (about ﬁve years); and
ﬁnally, each measure is coded as a binary variable, taking the value of 1 if the measure
has stayed the same or increased from the previous visit, or a value of 0 if the measure
has decreased since the previous visit. In coding the variables, I use a one-sided t-test at
α = 0.10 level of signiﬁcance.
3.2.1. Basal Area. Basal Area is calculated from measurements of stem diameter, d. A
researcher enters a randomly selected plot in the forest and measures all trees above ten
centimeters. Stem diameter then is calculated at breast height. Generally, researchers use
diameter tapes for this measure.7 Basal area for tree t is then calculated as BasalAreat =

7See Husch, Beers and Kershaw (2003, 85-99) for a discussion on calculating stem diameter.

40
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Frequency
20

30

39

19

10

13

5

5

5
2

3

0

1

0

20

40

60

Number of Plots

Figure 2.1. Histogram of the number of plots randomly selected for each
site and for each visit. IFRI researchers most frequently selected 30 plots
for each visit. Five sites had fewer than 10 forest plots. This is because
there was little variability in ecological characteristics of these forests (they
were completely denuded) and selecting more plots would not substantially
improve the estimates of ecological variables.

2

π d4 . The basal area for the entire plot i is then calculated as
(1)

BasalAreai =

Ti


BasalAreat

t=1

where Ti is the total number of trees in the plot. Basal area is often used to indicate
biomass, which plays a “role in biodiversity, global climate change, carbon sequestration,
wildlife habitat evaluation, and forest fuel assessment” (Husch, Beers and Kershaw, 2003,
p.236-238).
3.2.2. Shannon Diversity Index. The Shannon Diversity Index is a measure of the diversity of tree species in the plot. In order to derive the index I ﬁrst deﬁne two characteristics
of the forest plot. First is the total count of all tree individuals from all species, Ti . Second,
let us index the species found in each plot i by si = 1, . . . , Si , where Si is the total number
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of unique species. Species abundance is calculated as the total number of individuals in the
plot for each species, denoted Ais . The Shannon Diversity Index is then calculated as,


Si

Ais
Ais
ln
(2)
Shannoni = −
Ti
Ti
si =1

The Shannon Diversity Index measures tree diversity by weighting the total number of
unique species by their relative abundance in the plot. The more unique species there are,
the higher will be the index measure. More equal distribution of species within the plot
also increases the index measure.

3.3. Institutional and Policy Variables. The primary interest of this paper is to
assess diﬀerences among community and government forests, the eﬀects of socioeconomic
conditions, and the eﬀects of user groups monitoring and sanctioning. To assess these
eﬀects, it is imperative to control for the conservation policies in each forest. The outcome
measures mentioned in the previous section have little meaning if not attached to some
policy goal.
3.3.1. Management Type. Three dichotomous variables are created indicating the type
of forest management. Community-managed forests are those for which a group of local
users are the primary decision makers. Government-managed forests are those for which
a central government agency has the responsibility for making management decisions. Examples include national parks and national forests. Privately managed forests are those for
which an individual or small group of individuals make management decisions in a formal
partnership. About 54 percent of the forests in the sample are government-managed, 17
percent are privately managed, and 28 percent are community managed.
3.3.2. Monitoring and Sanctioning. User group monitoring and sanctioning is a binary
variable indicating the frequency of user group monitoring and sanctioning in the forest,
taking a value of 1 if there is regular user group monitoring and sanctioning (seasonal or year
round) and a value of 0 if there is occasional or no activity. There may be many diﬀerent user
groups that use a particular forest. There may be timber harvesters, mushroom collectors,
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and wildlife viewers. The monitoring variable indicates the maximum level of monitoring
and sanctioning that any user group conducts.
In addition, sanctioning activities may be pecuniary or nonpecuniary. Nonpecuniary
sanctions include verbal chastisement, forced public apology, or other social shaming. Pecuniary sanctions may include ﬁnes, in-kind contributions of materials or labor, or restrictions
on future harvesting. Further, in many forests the sanction varies by the severity of the violation and the number of times a violator has broken a rule. This variable is hypothesized
to be positively related to the outcome variables, as discussed in the introductory section.
3.3.3. Forbid Harvesting. Approximately one-third of the forests have policies such that
no user group has a right to harvest trees. The dummy variable for forbid harvesting takes
the value of 1 if harvesting of trees is forbidden to all user groups and a value of 0 if
harvesting is permitted to at least one user group. Note that all private forests take a value
of 0 because harvesting is at least permitted by the owner of the forest, even if the owner
does not exercise that right. Therefore, the eﬃcacy of privately managed forests cannot be
measured with this variable.
This variable represents a de facto rule. If a forest is managed to conserve trees yet
harvesting is still permitted to at least one user group, then that forest is not considered to
have “forbid harvesting” policies. The outcome measures have the most relevance in these
forests, so in the following discussion I discuss the results in terms of conditioning on the
fact that a forest does not allow harvesting. I do not simply eliminate forests that do not
forbid harvesting, because of the eﬃciency gains from the additional data supplied by those
observations.

3.4. Socioeconomic Conditions. To control for diﬀerences in socioeconomic conditions across sites, I calculate a single index of socioeconomic conditions from four variables:
property rights, gross domestic product adjusted for purchasing power parity, the average daily wage rate at the site, and dependency on fuelwood. Analysis of these variables
suggests they are highly correlated. To create the index, I perform principal components
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analysis (PCA) on these variables.8 PCA is a statistical technique used for data reduction.
It decomposes multivariate relationships to a smaller number of core underlying factors by
solving for data eigenvectors (that is, principal components) that account for as much of
the variation as possible. In this case, I solve for the ﬁrst principal component of the four
socioeconomic variables.
PCA results indicate that the ﬁrst principal component accounts for more than 84
percent of the underlying variation in the four variables. The index for socioeconomic
conditions is formed by weighting each variable according to its estimated loading on the
ﬁrst principal component. Property rights, per capita gross domestic product adjusting
for purchasing power parity, and wage rates are positively related to the socioeconomic
conditions index, whereas the variable for dependence on fuelwood is negatively related.9
Each of the socioeconomic variables is discussed below.
3.4.1. Property Rights. Strength of property rights is measured on a scale of 0 to 10 and
is taken from the Gwartney and Lawson (2006) economic freedom indicators; it is weighted
to the year nearest to the time of visit.10 It is positively associated with socioeconomic
conditions. The variable comes from the Legal System and Property Rights classiﬁcation
of that survey, which is compiled from ﬁve indexes taken from the World Economic Forum
Global Competitiveness Report, the World Bank Governance Indicators Project, and the
PRS Group International Country Risk Guide. These indices are (1) judiciary independence, (2) impartial courts, (3) protection of property rights, (4) military in politics, and
(5) law and order.11
8See Kaplan (2000, ch. 3) for a review of this methodology.
9Results from the principal components analysis are included in the chapter appendix.
10The value is included for each year where the survey has data available for the year of the visit. However,

in the early years of the property right index, data was only collected every ﬁve years. In these cases,
property rights are assumed to be a weighted average of the year nearest to the time of visit. For example,
if the visit took place in 1999 and property rights data were only available for 1995 and 2000, then the data
would be entered as 0.8 × P ropRight2000 + 0.2 × P ropRight1995 .
11
The following explanation is given in the data supplied by Gwartney and Lawson (2006):
A Judicial independence
This component is from the Global Competitiveness Reports question: “Is the
judiciary in your country independent from political inﬂuences of members of
government, citizens, or ﬁrms? Noheavily inﬂuenced (= 1) or Yesentirely independent (= 7).” The questions wording has varied slightly over the years. Source:
World Economic Forum, Global Competitiveness Report (various issues).
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Does the enforcement of national property rights reﬂect the situation at IFRI sites?
There is undoubtedly variation in property rights enforcement across geographic localities,
socioeconomic status, and ethnicity within most countries. Property rights as measured at
the national government level, however, are particularly important given that they represent a higher level conﬂict resolution mechanism to resolve disputes at the local level, an
important design principle developed by (Ostrom, 1990). If these indices are high, it represents the fact that higher-level conﬂict resolution is less likely to be arbitrary or capricious.
For example, Culas (2007, p.435) uses strength of contract enforcement, as measured with

B Impartial courts
This component is from the Global Competitiveness Reports question: “The legal
framework in your country for private businesses to settle disputes and challenge
the legality of government actions and/or regulations is ineﬃcient and subject to
manipulation (= 1) or is eﬃcient and follows a clear, neutral process (= 7).” The
questions wording has varied slightly over the years. Note: The “Rule of Law”
ratings from the World Banks Governance Indicators Project have been used to
ﬁll in omitted countries in the primary data source since 1995. Sources: World
Economic Forum, Global Competitiveness Report (various issues); World Bank,
Governance Indicators (various years).
C Protection of property rights
This component is from the Global Competitiveness Reports question: “Property rights, including over ﬁnancial assets are poorly deﬁned and not protected
by law (= 1) or are clearly deﬁned and well protected by law (= 7).” Note:
This replaces previous Global Competitiveness Report question on protection of
intellectual property. Source: World Economic Forum, Global Competitiveness
Report (various issues).
D Military interference in rule of law and the political process
This component is based on the International Country Risk Guides Political Risk
Component G: Military in Politics: “A measure of the militarys involvement in
politics. Since the military is not elected, involvement, even at a peripheral level,
diminishes democratic accountability. Military involvement might stem from an
external or internal threat, be symptomatic of underlying diﬃculties, or be a
full-scale military takeover. Over the long term, a system of military government
will almost certainly diminish eﬀective governmental functioning, become corrupt,
and create an uneasy environment for foreign businesses.” Note: The “Political
Stability and Absence of Violence” ratings from the World Banks Governance
Indicators Project have been used to ﬁll in omitted countries in the primary
data source since 1995. Sources: PRS Group, International Country Risk Guide
(various issues); World Bank, Governance Indicators (various years).
E Integrity of the legal system
This component is based on the International Country Risk Guides Political Risk
Component I for Law and Order: “Two measures comprising one risk component.
Each sub-component equals half of the total. The ‘law’ sub-component assesses
the strength and impartiality of the legal system, and the ‘order’ sub-component
assesses popular observance of the law.” Source: PRS Group, International Country Risk Guide (various issues).
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a country-level indicator, to show that “improvement in institutions that empower people
through secure property rights for forest resources and better environmental policies will
ultimately reduce the pressure on resources and lead to better conservation of forestland.”
Furthermore, de Soto (2000) argues that if formal property rights are well deﬁned and
enforced, owners are both accountable for their use of assets and are better able to realize
the beneﬁts from their investments. State policies that bolster formal property rights help
ensure avenues to track and defend property rights when they are violated. According to
de Soto (2000, p.54), strong formal property rights shift legitimacy of rights to the resource
from “local communities to the impersonal context of law.” Thus, state enforcement of
property rights has a distinctively important role in providing incentives for resource users.
3.4.2. GDP Per Capita Purchasing Power Parity (PPP). Per capita Gross Domestic
Product is measured adjusting for purchasing power parity. It is taken from the World
Bank World Development Indicators and is reported in nominal USD and measured at time
of visit. It is positively related to socioeconomic conditions.
3.4.3. Wage. Average daily wage rates are measured in nominal USD. Nominal exchange rates are calculated at the time of visit to the forest as reported by IFRI teams.
Wage rates are positively related to socioeconomic conditions.
3.4.4. Fuelwood Dependency. Fuelwood dependency represents the fraction of forest
user groups needs for fuelwood supplied by the forest. Andersson and Gibson (2007) use
fuelwood dependency as a proxy for socioeconomic conditions in their analysis of 29 forests
in Bolivia. The authors argue that this variable gives an indication both of the general
level of development and information about the importance of forest products to users
groups. This variable was also used by Gibson, McKean and Ostrom (2000) in their analysis of community forestry in Ecuador. This variable is negatively related to socioeconomic
conditions.

3.5. Control Variables.
3.5.1. Households Per Forest Hectare. The number of households that use the forest is
expected to be negatively associated with the outcome measures. This is for three reasons:
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First, more households imply a greater demand for forest services; second, more households
generate more competition for forest resources; and third, as the number of households
increases, the probability of successfully acting collectively to restrain use diminishes (Olson,
1965). There is a long history, and much empirical evidence, linking human population
pressure to environmental conditions (Cropper and Griﬃths, 1994). What constitutes a
household is deﬁned by the local culture of the community of the forest being studied. The
absolute number of households is less important than the number of households per forest
hectare, which represents a potential strain on the resource.
3.5.2. Forest Value. The forest value is taken by combining two measures in the IFRI
data set. At the conclusion of each site visit an expert forester is asked to rate the forest
on a number of criteria. Two of those criteria are the subsistence value of the forest and
the commercial value of the forest. Each of these measured is on a scale of 1 to 5. The
question is, In your best judgment, given the topography and biophysical zone in which
this forest is located, how would you judge the (commercial or subsistence) value of the
forest: 5—substantially above normal, 4—above normal, 3—normal, 2—below normal, or
1—substantially below normal? Forest value is taken as the sum of commercial and subsistence value and thus has a maximum value of 10 and a minimum value of 2.12
Agrawal and Ostrom (2001) argues that the value of the resource and market pressure
faced by resource managers needs to be integrated into models of forest extraction. Regev
et al. (1998) show that impacts of market forces can endanger the sustainability of resources
by inducing resources users to harvest above biophysically sustainable levels. The value of
the forest is an important alternative explanation to the eﬀects of monitoring and sanctioning in particular. The value of the forest might both increase the level of forest harvesting
and increase the incentive to engage in monitoring and sanctioning; thus, it is important to
control for the value of the resource to ensure that monitoring and sanctioning are causing
changes in the outcome variables and not diﬀerences in forest value across sites.
12

It would be preferable to use data on price of forest products; however, these forests produce multiple
forest products, some of which have market prices and some of which do not. In addition, the methodology
of weighting the prices for each product is uncertain. The value of the forest is taken from the ﬁrst time
period, as described in the next section, thus mitigating endogeneity problems of looking at total value
rather than just price.
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3.6. The Model. I estimate a binary logit model of forest conditions, where the probability of success (equivalent or increased measures on the outcome variables) depends on
the independent variables (the institutional, policy, socioeconomic conditions, and control
variables) described in the previous sections. For notational convenience, let us deﬁne y as
the binary outcome variable indicating signiﬁcant change between visits and x as a vector
of independent variables.
To estimate the model, I take measures of each independent variable at the time of the
ﬁrst site visit, and use this to explain any signiﬁcant change, y, so that,
(3)

P r(y = 1) = Λ(βx1 ),

where Λ(x1 ) represents is the logistic cumulative distribution function (See Cameron and
Trivedi, 2005) and each x is evaluated at the ﬁrst visit. This mitigates any endogeneity
concerns that, monitoring, for example, may be an eﬀect rather than a cause of forest conditions. It is unlikely that a change in future forest conditions will cause forest monitoring
retroactively.

4. Results
The results of six diﬀerent logit regression estimations for each outcome variable and
their model diagnostics are reported in Tables 3 and 4. Because each of the socioeconomic
variables is highly correlated, separate models using diﬀerent measures of socioeconomic
conditions are estimated: Model 1 uses the property rights index; Model 2 uses GDP per
capita adjusted for purchasing power parity; Model 3 uses average daily wage rates; Model 4
uses fuelwood dependency; Model 5 uses the composite index of socioeconomic conditions as
described in the previous section; and Model 6 does not control for socioeconomic conditions
in any way. The estimated standard errors are reported in parentheses and are clustered by
country. Each continuous variable in the models (each socioeconomic variable, households
per forest hectare, and forest value) are standardized to have a mean of 0 and a standard
deviation of 1. Such a transformation helps mitigate any potential problems of collinearity
among the variables. The largest Variance Inﬂation Factor (VIF) of any variable in any of
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the models is 5.21 (for the property rights variable in Model 1 for Basal Area); this is well
below the accepted threshold of 20 suggested by Greene (2003, p.58). The mean VIF of all
variables is reported at the bottom of Tables 3 and 4.
Table 2.3. Logit Regression Results for Basal Area

Monitor and Sanction
Private
Government
Forbid Harvest
HH per Forest Hectare
Forest Value
Prop Rights

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

2.008***
(0.78)
1.354
(0.86)
1.497
(1.13)
−1.033
(0.65)
2.852
(3.23)
−0.240
(0.22)
0.089
(0.28)

2.027***
(0.66)
1.975*
(1.02)
2.410***
(0.81)
−1.099
(0.70)
3.361
(3.59)
−0.108
(0.20)

1.559*
(0.84)
0.984
(0.86)
1.407
(1.01)
−0.863*
(0.52)
3.282
(3.33)
−0.111
(0.23)

1.933***
(0.68)
1.251
(1.01)
1.689
(1.32)
−1.317**
(0.62)
4.118
(3.60)
−0.062
(0.31)

1.636**
(0.73)
1.177
(0.87)
1.645
(1.07)
−1.092**
(0.54)
3.791
(3.56)
−0.094
(0.25)

2.113***
(0.82)
1.360
(0.87)
1.424
(1.12)
−1.015
(0.68)
2.621
(3.30)
−0.265
(0.23)

0.535**
(0.24)
−0.455
(1.10)

−0.937
(1.05)

GDP per Capita PPP

0.001
(<0.00)

Wage

0.101**
(0.05)
−0.018***
(0.01)

Fuelwood Dependency
Socioeconomic Conditions
Constant
N
McFadden’s R2
McKelvey & Zavoina’s R2
Log-Likelihood
AIC
BIC
Mean VIF

−1.330
(1.59)
46
0.184
0.740
−25.875
61.750
70.893
2.364

−2.424**
(1.23)
46
0.264
0.974
−23.331
54.662
61.977
1.685

−0.884
(1.07)

0.456
(1.05)

46
0.224
0.808
−24.595
59.190
68.334
1.668

46
0.225
0.847
−24.567
59.135
68.278
1.841

46
0.219
0.833
−24.768
59.537
68.680
1.567

46
0.183
0.710
−25.921
61.842
70.985
1.420

Coeﬃcients standardized for continuous variables. Standard Errors, clustered on countries, in parentheses. Two
tailed hypothesis tests: * p <0.10, ** p <0.05, *** p <0.01.

4.1. Model Speciﬁcation. A number of scalar model statistics are reported to compare the six models estimated for each outcome variable. These are found at the bottom
of Tables 3 and 4. The McFadden R2 is calculated as 1 minus the ratio of the model loglikelihood to the log-likelihood of an intercept-only model. When comparing results across
models for the same dependent variable, a higher measure indicates that the model has a
greater likelihood value. McKelvey and Zavoinas R2 reports the fraction of predicted model
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Table 2.4. Logit Regression Results for Shannon Diversity Index

Monitor and Sanction
Private
Government
Forbid Harvest
HH per Forest Hectare
Forest Value
Prop Rights

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

1.981***
(0.49)
0.195
(1.01)
−0.173
(0.71)
0.528
(0.54)
−0.496***
(0.15)
0.099
(0.29)
0.045
(0.31)

1.614***
(0.33)
0.185
(0.75)
0.136
(0.71)
0.579
(0.53)
−0.475***
(0.18)
0.181
(0.28)

1.538***
(0.36)
−0.203
(0.84)
−0.230
(0.77)
0.626
(0.49)
−0.466***
(0.17)
0.169
(0.30)

1.946***
(0.72)
0.239
(1.11)
0.171
(0.81)
0.327
(0.57)
−0.408***
(0.12)
0.214
(0.33)

1.638***
(0.41)
0.041
(0.94)
0.026
(0.68)
0.463
(0.54)
−0.450***
(0.14)
0.175
(0.31)

2.040***
(0.56)
0.205
(0.98)
−0.203
(0.82)
0.536
(0.51)
−0.500***
(0.16)
0.092
(0.29)

GDP per Capita PPP

<0.000
(<0.00)

Wage

0.095**
(0.04)
−0.018
(0.01)

Fuelwood Dependency
Socioeconomic Conditions
Constant
N
McFadden’s R2
McKelvey & Zavoina’s R2
Log-Likelihood
AIC
BIC
Mean VIF

−0.414
(1.25)

−0.848
(0.89)

−0.238
(0.81)

0.839
(1.65)

0.503
(0.45)
0.046
(1.06)

46
0.181
0.334
−24.812
59.625
68.768
2.364

46
0.224
0.901
−23.517
55.034
62.349
1.685

46
0.209
0.517
−23.964
57.928
67.071
1.668

46
0.220
0.401
−23.645
57.290
66.433
1.841

46
0.207
0.445
−24.026
58.053
67.196
1.567

−0.202
(0.81)
46
0.181
0.334
−24.822
59.644
68.787
1.420

Coeﬃcients standardized for continuous variables. Standard Errors, clustered on countries, in parentheses. Two
tailed hypothesis tests: * p <0.10, ** p <0.05, *** p <0.01.

variance to total variance given the assumed variance of the logistic cumulative distribution function. Higher measures indicate a higher fraction of explained variance. Although
these variables should not be used for model selection (Long, 1997), they do provide some
information on the ability of the model to explain the data. Both pseudo-R2 measures
indicate more explanatory power for Model 2 (the model using GDP per capita PPP), for
both outcome variables.
The log-likelihood, Akaike Information Criteria (AIC), and Bayesian Information Criteria (BIC) indicate the relative likelihood of each model for a given dependent variable
(See Greene, 2003, p.159-160). The log-likelihood represents the relative likelihood of the

2. INSTITUTIONS AND FORESTS

41

data given the estimated model parameters. AIC and BIC measures penalize models for including nonrelevant variables. Models are often selected based on the following guidelines:
a signiﬁcantly greater log-likelihood value, smaller AIC values, and smaller BIC values.
Again, however, it must be cautioned that these provide indications of model relevancy but
are not hard and fast rules for model selection. For both outcome variables Model 2 has
the largest log-likelihood value, the smallest AIC value, and smallest BIC measure.13
The actual coeﬃcient estimates appear to be fairly robust across model speciﬁcations.
In Model 6, which omits control for any socioeconomic variable, the estimated coeﬃcient
for monitoring and sanctioning is larger than in all other models. It appears that socioeconomic conditions are positively correlated both with monitoring and sanctioning and the
outcome measures. Omission of socioeconomic conditions in Model 6 overstates the eﬀect
of monitoring and sanctioning; part of the reason that forests with monitoring and sanctioning are able to sustain Basal Area and the Shannon Diversity Index is because they
have higher socioeconomic conditions on average. For the remainder of the paper, I focus
on the results from Model 5 because the socioeconomic conditions index has components of
each socioeconomic variable. When assessing the role of particular socioeconomic factors,
however, I will refer to the other models for ease of interpretation.

4.2. Eﬀects of Independent Variables. Table 5 reports each independent variables
estimated marginal eﬀect, taken from Model 5 for each outcome measure, while holding all
other variables at their means and conditional on being in a forest that forbids harvesting.
Standard errors for these estimates are reported in parentheses and are calculated via the
delta method Greene (2003, p.70). For continuous variables (households per forest hectare,
forest value, and socioeconomic conditions) the marginal eﬀects represent the change in
probability of sustaining Basal Area or the Shannon Diversity Index from a marginal change

13In addition to the scalar model indicators, I also analyzed model residuals to check for outliers and in-

ﬂuence. I plotted Pearson standardized residuals for Model 5 for both outcomes. For Basal Area, each
standardized residual was within a range of ±2.5. For the Shannon Diversity Index, however, two standardized residuals laid slightly outside of that range but still within ±3.3, the conventional threshold (Andersson
and Gibson, 2007, p.114). A plot of these residuals is found in the chapter appendix.
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in the continuous variable. For a binary variable (monitoring and sanctioning, governmentmanagement, and private-management), they represent a discrete change in probability. For
example, the eﬀect of government management is calculated by subtracting the predicted
probability of sustaining the outcome variable given a forest is community managed from
the predicted probability given a forest is government managed, while holding all other
variables at their means and forbid harvesting at 1.14
Table 2.5. Marginal Eﬀects of Model 51
Basal Area
Monitor and Sanction2

0.377**
(0.18)
Private2
0.265
(0.19)
Government2
0.388
(0.22)
HH per Forest Hectare
0.939
(0.86)
Forest Value
−0.023
(0.06)
Socioeconomic Conditions
0.133**
(0.05)

Shannon Index
0.268***
(0.08)
0.007
(0.17)
0.005
(0.12)
−0.081***
(0.05)
0.032
(0.05)
0.091
(0.08)

Standard errors in parentheses, calculated via the delta method. Two
tailed hypothesis tests: * p <0.10, ** p <0.05, *** p <0.01.
1 Marginal eﬀects are conditional on Forbid Harvest=1 and holding
all other variables at their means.
2 Marginal

eﬀects of binary variables are discrete changes; they are
calculated by subtracting the predicted probability given the variable
is zero from the predicted probability given the variable is one.

Table 5 indicates that forests with active monitoring and sanctioning have a 0.377 higher
probability of sustaining Basal Area (p < 0.05) and a 0.268 higher probability of sustaining
the Shannon Diversity Index (p < 0.01) than average forests that forbid harvesting and do
not engage in regular monitoring and sanctioning. Tables 3 and 4 show that this eﬀect is
14

As discussed previously, it is important to consider the impacts of these variables in forests that forbid
harvesting. In nonlinear models, such as the logit model, the eﬀects of each explanatory variable implicitly
depend on the level of the other model variables (Long, 1997). Thus, to assess the eﬀects in forests that
forbid harvesting, the marginal eﬀects are assessed based on this condition.
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positive and consistent across model speciﬁcations and outcome variables. Monitoring and
sanctioning is positive, of consistent magnitude, and statistically signiﬁcant in every model
estimated.
Figures 2 and 3 show how the eﬀects of monitoring and sanctioning change as socioeconomic conditions change as measured from Model 5. Monitoring and sanctioning has
the strongest impact in forests with low socioeconomic conditions, but as socioeconomic
conditions increase, the role of monitoring and sanctioning diminishes. As previously detailed, socioeconomic conditions are a weighting of a property rights index measure, per
capita GDP adjusted for purchasing power parity, average local wage rates, and fuelwood
dependency. As fuelwood dependency decreases, the measure of socioeconomic conditions
increases; therefore, the large positive eﬀect of socioeconomic conditions is in part due to
less pressure that user groups place on forest resources. This can be seen in the separately
estimated coeﬃcient for fuelwood dependency in Model 4.
As average local wage rates increase, which is the opportunity cost of harvesting from
the forest, socioeconomic conditions increase. This also helps explain why, as socioeconomic
conditions increase, the probability of sustaining Basal Area and the Shannon Diversity
Index increases. The positive eﬀect of wage rates can be seen separately estimated in
Model 3.
The role of formal property rights at the national level are surprisingly less important.
A standard deviation increase in property rights score (1.644) increases the value of socioeconomic conditions by a value of 0.852 (0.5184 × 1.644, where 0.1584 is the estimated
eigenvalue from the principal components analysis). Socioeconomic conditions, in turn, positively aﬀect the probability of attaining the outcome measures. Although property rights
eﬀects measured separately in Model 1 are positive, they are small and insigniﬁcant for both
outcome measures. GDP per capita adjusted for purchasing power has a negligible eﬀect.
Thus, any role that property rights or GDP play is contingent upon other socioeconomic
factors.
A fairly consistent ﬁnding across model speciﬁcations is the lack of eﬀect of management
type on the outcome variables. The estimated coeﬃcients for government-managed forests
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Figure 2.2. The eﬀects of management type, monitoring, and socioeconomic conditions on Basal Area, given that no harvesting of trees is permitted in the forest, and holding all other variables from Model 1 at their mean.
Government-managed forests have a higher probability (not statistically signiﬁcant) of sustaining or increasing Basal Area than community-managed
forests. Forests with some monitoring have a higher probability of sustaining or increasing Basal Area than those that do not. As the socioeconomic
conditions improve, the probability of sustaining or increasing Basal Area
increases.

on Basal Area are quite large, as reported in Table 3; however, this coeﬃcient estimate
generally has a large variance and is not statistically distinguishable from 0 at the α = 0.10
level. In Model 2, using GDP per capita adjusted for purchasing power parity as a control,
the eﬀect of being a government-managed forest is statistically diﬀerent from 0 at the
α = 0.01 level. A similar signiﬁcant eﬀect, however, is not found in the remaining 11 models.
Also, for the Shannon Diversity Index outcome, the eﬀect of management type is quite small
and negative in three of the six models. The predicted probabilities for government- and
community-managed forests, as reported in Figure 3, are nearly identical in forests that
forbid harvesting. It appears that management type does not have a signiﬁcant impact
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Figure 2.3. The eﬀects of management type, monitoring, and socioeconomic conditions on the Shannon Diversity Index, given that no harvesting
of trees is permitted in the forest, and holding all other variables from Model
1 at their mean. Community-managed forests have a nearly identical probability of sustaining or increasing the Shannon Index to government-managed
forests. Forests with some monitoring have a higher probability of sustaining
or increasing the Shannon Diversity Index than those that do not. As the
measure of socioeconomic conditions increases, the probability of sustaining
or increasing the Shannon Diversity Index increases.
on the outcome variables overall, although a larger sample might more accurately estimate
standard errors to conﬁrm this ﬁnding.
An important predictor of the Shannon Diversity Index outcome is the pressure on forest
resources measured by the number of households per forest hectare. As reported in Table
5, a marginal change in this variable decreases the probability of sustaining the Shannon
Diversity Index by 0.081, holding all other variables at their mean and in a forest that
forbids harvesting. Table 4 shows that the estimated eﬀect is remarkably consistent across
model speciﬁcations and signiﬁcant in each model. However, there is not a statistically
signiﬁcant eﬀect of this variable as measured in the Basal Area models. Thus, it appears
that forests are more homogeneous yet have more basal area the greater the pressure on
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forest resources. This may be because some timber (perhaps low valued) is left to grow in
such forests as users are able to identify and harvest diﬀerent high-valued species at younger
ages. Perhaps surprisingly, the eﬀect of forbidding harvesting has the opposite anticipated
eﬀect in three of the six models estimated for Basal Area. Again, this variable represents
a de facto rule for local users. It is interesting that those forests that seek to eliminate
harvesting do a poorer job of sustaining Basal Area. There is not a statistically signiﬁcant
eﬀect of this variable as measured in the Shannon Diversity Index models. This result is
discussed in some detail in the following section.

5. Discussion
The empirical results suggest that management type probably plays little role in determining whether forests sustain Basal Area and the Shannon Diversity Index. This conﬁrms
previous work by Hayes and Ostrom (2005), Gibson, Williams and Ostrom (2005), and
Ostrom and Nagendra (2006). Still, there is much ongoing debate about the eﬃcacy of
centralized resource management. Table 6 lists some of the most often cited advantages of
central and local resource management. The results presented in the previous section indicate that on average these advantages do not distinguish one management arrangement as
being more eﬀective than another. The results do not suggest, however, that management
type is never important. In some particular instances, a particular advantage of central resource government may be more important in achieving forest conservation objectives. For
example, some locally managed forests may lack the scientiﬁc and technological resources
to eﬀectively manage a forest, and governments from a central forest oﬃce might have such
resources. On the other hand, indigenous knowledge in some cases may be more important
for management purposes; in these cases, local forest management might be preferred. The
point is to move beyond blueprint thinking such as believing that central government is
always best or that local management is always best. Instead, we need to focus on the
speciﬁc management needs of speciﬁc forests (Ostrom, Janssen and Anderies, 2007).
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Table 2.6. Strengths of Central and Local Resource Management
Central

Local

Eﬀective at solving local collective action problems and building social capital (McGinnis and Ostrom, 1992; Cardenas, 2004; Cardenas, Stranlund and
Willis, 2000; Frey and OberholzerGee, 1997; Ostrom, 1990).
Diﬀusion of power and rulemaking,
greater accountability, and increased
Avoid empowering local tyrannies opportunities for participation (Ostrom, 1987, 1991b, 1997; Ostrom, Bish
(Ostrom, 1997).
and Ostrom, 1988; Andersson and
Gibson, 2007).
“Transboundary Spillovers” (Sigman,
2005): local management boundaries
may not coincide with ecosystem
boundaries; central management can
be more inclusive (Blaikie, 2006; Butler and Macey, 1996).

Indigenous knowledge (Berkes, Folke
Scientiﬁc and technical capacity (Os- and Colding, 1998; Berkes, Colding
trom, 1998; Blaikie, 2006).
and Folke, 2003; Folke et al., 2007;
Blaikie, 2006).
Financial, administrative, or technoRelatively low information costs for
logical resources (Andersson, 2003;
monitoring and enforcement (McGinBoone, 2003; Falleti, 2005; O’Neill,
nis and Ostrom, 1992).
2003).
Goals of conservation, as opposed to Experimentation and isolation of pollocal goals of development (Taylor, icy failure (Ostrom, 1991a, 1990; Low
2001).
et al., 2003; Simon, 1981).
Longer time horizons for planning Shorter time horizons for planning
(McCarthy, 2004; Andersson and Gib- (McCarthy, 2004; Andersson and Gibson, 2007).
son, 2007).

More research needs to be devoted to exploring instances of when local management
might be more appropriate than central management and when it is not. Interesting hypotheses in this vein might be that where local social capital is low, central management
might be more eﬀective (to guard against the possibility of local tyranny). When enforcement of rules is the primary obstacle to management success, local management may be
more eﬃcient. Or when there are serious local ﬁnancial constraints for management and
investment, central management might be more eﬀective. I do not endorse any of these
hypotheses but simply submit them as interesting questions that need further empirical
investigation.
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Important policy variables do appear to have broad impacts, however. In this paper, I
ﬁnd that socioeconomic conditions, forest policies to forbid harvesting, and local institutions
of monitoring and sanctioning appear to play an important role in sustaining the outcome
measures used in this paper. Each is discussed below.

5.1. Monitoring and Sanctioning. The results show a remarkably consistent positive eﬀect of monitoring and sanctioning, conﬁrming the ﬁndings of a recent meta-study
of community forestry by Pagdee, Kim and Daugherty (2006). The monitoring and sanctioning variable represents whether regular local monitoring occurs and whether sanctions,
broadly deﬁned, are imposed on rule breakers. Further, this variable only indicates monitoring and sanctioning activities carried out by local user groups, not any activities that
are carried out by external authorities. These results add an important element to the literature on forestry, common pool resource management, and human cooperation in general.
The lesson from this paper is not that local eﬀorts to engage in monitoring and sanctioning
are more eﬀective than external eﬀorts, but that local eﬀorts are eﬀective. This ﬁnding
draws from a number of cases and empirically measures how eﬀective local monitoring and
sanctions can be. Average forests with local users that monitor and sanction are much
more likely to sustain Basal Area and the Shannon Diversity Index than forests without
such users. Speciﬁcally, local eﬀorts of monitoring and sanctioning increase the probability
of sustaining Basal Area by 0.377 and increase the probability of sustaining the Shannon
Diversity Index by 0.268.
An important ﬁnding is that ﬁeld data conﬁrm the consistently positive eﬀect of user
group monitoring and sanctioning found in the experimental laboratory (Ostrom, Walker
and Gardner, 1992; Ostrom, Gardner and Walker, 1994; Cardenas, Stranlund and Willis,
2000; Cardenas, 2004; Sefton, Shupp and Walker, 2007). Laboratory experiments of monitoring and sanctioning have looked at both external monitoring and sanctioning (that is, as
imposed by the experimenter) and internal monitoring and sanctioning (that is, as imposed
by subjects participating in the experiment). Many of these studies assess pecuniary incentives to comply with harvesting rules; however, other research has shown that “cheap talk,”
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or nonbinding communication, also decreases harvesting levels in CPR situations (Ostrom,
Walker and Gardner, 1992; Ostrom, Gardner and Walker, 1994).
Two broad areas of research are needed to further investigate the eﬀects of monitoring
and sanctioning on forest conditions. First, more analysis of the relative eﬃcacy from different sources of monitoring and sanctioning needs to be done (Tucker and Ostrom, 2005,
p.100-101). For example, one of Ostroms (1990, pp. 101102) design principles is that
“monitoring . . . [is] organized in multiple layers of nested enterprizes.” In this sense, external government monitoring and sanctioning can be seen as a complement to local monitoring
and sanctioning eﬀorts. However, there is also evidence that government monitoring and
sanctioning might crowd out local eﬀorts and be counterproductive (Cardenas, Stranlund
and Willis, 2000; Cardenas, 2004). Furthermore, local and external monitoring and sanctioning activities might substitute for each other if, for example, locals feel like government
oﬃcials can handle the problem. Further empirical evidence, then, needs to be directed to
investigate what conﬁgurations of local and external monitoring and sanctioning are best
able to meet forest management objectives.
Second, we need a better understanding of what types of monitoring and sanctioning
are eﬀective. Social shaming, for example, may be a powerful deterrent in some cultures
or in small groups but be less eﬀective in large, anonymous groups. Pecuniary sanctions,
however, may crowd out the eﬃcacy of local shaming. Levitt and Dubner (2005, p.23) warn
that monetary ﬁnes can “substitute an economic incentive for a moral incentive,” allowing
people to buy oﬀ their guilt. Pecuniary incentives in local communities may crowd out
moral incentives to abstain from harvesting from the forest. Further research is needed to
disaggregate the eﬀects of pecuniary and nonpecuniary sanctions and to assess their eﬀects.

5.2. Socioeconomic Conditions. Some authors have argued that improvements in
socioeconomic conditions lead to better environmental conditions. The relationship is often
cited as being nonlinear; that is, deforestation rates would increase in early stages of economic growth but would later improve as economic growth ensued. Culas (2007), among
others, has conﬁrmed the existence of an environmental Kuznets curve for deforestation.
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Cropper and Griﬃths (1994) argue that as incomes increase, people generally substitute
other energy sources for fuelwood and shift productive assets away from agriculture, which
can be a major driver of deforestation.
Other authors are more skeptical of this relationship (Lawn, 2007, ch.12). Still other
authors have concluded that there is inconclusive evidence for such a relationship (Arrow
et al., 1995). Recent work, however, has shown the important role of institutional arrangements mitigating the eﬀects of economic growth on environmental impacts (Culas, 2007;
Aubourg, Good and Krutilla, 2008). Looking at deforestation rates at the macro level,
across countries and across time, for example, Culas (2007) found that macro-institutional
variables, such as secure property rights, decrease the rate of deforestation at all income
levels.
My results suggest that increases in socioeconomic conditions positively aﬀect the sustainability of the outcome variables between visits. As shown in Figures 2 and 3 at low
levels of socioeconomic conditions, the eﬀects of increases in socioeconomic conditions are
quite strong, but the beneﬁts diminish as socioeconomic conditions continue to increase.
This is manifest in a steeper slope at points of lower income levels and a ﬂatter slope at
points of higher income levels. Speciﬁcally, I found that as user groups rely less on the forest
for fuelwood and have higher wage rates, the forest is more likely to sustain the outcome
variables. This provides microlevel evidence to the notion that as communities develop,
local forests are more likely to sustain the outcome measures used in this study.

5.3. Forbid Harvesting. In the previous section, I presented results indicating that
forests that forbid harvesting to all user groups have signiﬁcantly less Basal Area than
those that do not. This might be due to the “CAMPFIRE eﬀect.” CAMPFIRE is a
program instituted in Zimbabwe with the goal to empower local communities to manage
wildlife (Sterner, 2003). Colonial wildlife management policy banned hunting and set up
large game reserves. There was great resentment of this policy from both from white
colonialists and the native population. In 1975, Zimbabwe legalized ownership of animals
on private land and an incredible boom occurred for sport hunting. In 1982, Zimbabwe
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enabled smallholders on community land to similarly proﬁt from hunting. Owners now had
a greater incentive to protect wildlife because they beneﬁted ﬁnancially from them. Sterner
presents evidence that hunting of wildlife declined at the same time that income from the
CAMPFIRE program grew.15 Prior to the CAMPFIRE program, locals resented the ban
on wildlife hunting, seeing it as a symbol of repression. Poachers were heroes. However,
under diﬀerent institutional arrangements where locals now incurred the costs of poaching,
there was a greater incentive to prohibit others and abstain oneself from poaching.
Similarly, in the forests studied in this paper, if harvesting rights are not given to locals,
then forest conditions tend to be poor, holding all else constant. This might be for two
reasons. First, if no harvest rights are given, there may be incentives to illegally harvest
from the forest because community members do not see any beneﬁt when abstaining from
harvesting. Local norms may not deter illegal harvesting, as there is no local residual
claimant on the resource. Illegal harvesting may hurt “the government” but not the locals.
Second, there is little incentive for others to invest in the forest. Much research from
property rights theory argues that individuals are more likely to invest in resources for which
they have property rights (de Soto, 2000). User groups are unlikely to invest resources in
sustaining forests if they have no use rights and therefore no foreseeable beneﬁt.
6. Conclusion
There is still much academic and policy debate about how to best incorporate local communities into natural resource management, ranging from no involvement, to joint management sharing, to full management responsibilities given to local communities. The empirical
results suggest that, broadly speaking, forest management responsibilities need not completely reside with local communities, but that communities still play an important role in
aﬀecting forest conditions.
The most consistent and strongest ﬁnding from this paper is that communities that engage in monitoring and sanctioning activities are more likely to sustain basal area and species
diversity in local forests than those that do not. Full management of the resource, however,
15However, there is still debate about the broad success of these programs (Jones, 2006).
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does not appear important to sustaining these outcomes. This implies that whether or
not forests are managed by central managers or local communities, management objectives
would be well served by enlisting local monitors.
Local eﬀorts of active monitoring and sanctioning have the potential to achieve the
beneﬁts often outlined in eﬀorts of “stakeholder participation.”16 Unfortunately, eﬀorts
of stakeholder participation are often relegated to token consultation or demands that local resource users participate in already established government programs. In fact, real
democratic participation implies power sharing that allows elaboration, design, and/or implementation of policies and projects (Wester, Merrey and de Lange, 2003). The empirical
results presented here suggest that when stakeholder participation is real (that is, when
user groups are allowed to harvest from the forest and actively engage in monitoring and
sanctioning activities), forest conditions are signiﬁcantly better. These types of activities
reﬂect the spirit of stakeholder participation and are here shown to be eﬀective management
tools.

16For a recent review of stakeholder participation in the sustainable development literature, see Backstrand

(2006).
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Appendix
Table 2.7. Correlation of Socioeconomic Variables and Estimated Eigenvalues from the First Principal Compoenent
GDP per Prop Rights
capita PPP
GDP per capita PPP
Prop Rights
Wage
Fuelwood Dependency

1
0.9322
0.9976
−0.6215

Wage

Fuelwood Eigenvalues
Dependency

1
0.9260
1
−0.6004 −0.6149

1

0.5325
0.5184
0.5308
−0.4074

Table 2.8. Proportion of Explained Variation in Principal Components
Analysis of Socioeconomic Variables
Component Proportion Cumulative
Comp1
Comp2
Comp3
Comp4

Principal Components Analysis.

0.8443
0.1317
0.0234
0.0005

0.8443
0.9761
0.9995
1
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Figure 2.4. Pearson standardized residuals from Model 5. Horizontal lines
indicate the value of ±2.5. Most residuals lie within this range, but two
observations lay slightly outside. Observations are on an ordered index of
socioeconomic conditions and plotted numbers are from a forest identiﬁcation
variable.
Model Residuals.

CHAPTER 3

Monitoring and Sanctioning in the Commons: An
Application to Forestry

Eric A. Coleman
and
Brian Steed

Social connectedness in premodern society is strong, and the expected
level of punishment imposed by social norms is high. As a result,
undesirable acts are deterred. In this environment, law, which is
costly, is not required. There is only a slim possibility that law can
improve such a society. In other words, social norms and law are
substitutable, and there is no reason for the existence of costly formal regulations. In contrast, social connectedness in modern society
is weak, and the expected level of punishment by social norms is low.
In such a society, only social norms monitor undesirable acts. As
a result, such acts are insuﬃciently deterred. In this environment,
law is required even if it is costly (the emergence of law). Law complements social norms in such a society, and the society arrives at
a more desirable outcome with the existence of law. This idea is
consistent with a historical assertion that there has been a gradual
displacement of informal regulation by formal regulation.
Yoshinobu Zasu (2007)
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1. Introduction
Since the late 1960s, policymakers have become increasingly interested in the successful
management of common-pool resources (CPRs).1 CPRs are deﬁned as resources possessing
two characteristics: rivalry between resource users and high costs involved in excluding
resource users from accessing and using the resource. Thus, CPRs are often valued natural
resources available to multiple resource users, but which are potentially subject to degradation as a result of overuse (Dietz, Ostrom and Stern, 2003). Interest in CPR management
has inspired a great body of work as scholars have sought to identify the most important
factors within CPR management schemes. Analysts have identiﬁed various institutional designs that promote long-term resource conservation. While none of these designs have been
found to be fail-safe, a great body of literature viewing CPR management has conﬁrmed
that monitoring and sanctioning (M&S) are necessary for successful and sustainable natural resource governance (Pagdee, Kim and Daugherty, 2006; Gibson, Williams and Ostrom,
2005; Baland and Platteau, 1996; Ostrom, 1990; Ostrom and Nagendra, 2006). Despite this
growing consensus, less is known about the factors that lead to increased levels of M&S.
More speciﬁcally, little is known regarding when external monitoring and enforcement
is most likely to occur, or when local actors will successfully overcome collective-action
problems to provide community monitoring and enforcement. This article seeks to shed light
on these important issues by exploring the diﬀerent factors leading to local and external
M&S. We seek to answer the following questions: Does increasing the strength of property
rights create incentives for local users to engage in M&S? Does giving local users residual
claimancy over the resource induce them to engage in M&S? What motivates external
governments to invest resources in M&S?
We analyze these questions by viewing data from the International Forestry Resources
and Institutions (IFRI) research program, a program started in 1992 that has collected data
from hundreds of forests around the globe (Gibson, McKean and Ostrom, 2000; Wollenberg
et al., 2007). We ﬁnd that community M&S will most likely occur when communities have
1This chapter appeared as the following article: Coleman, Eric A. and Brian Steed. 2009. “Monitoring and

Sanctioning in the Commons: An Application to Forestry.” Ecological Economics 68(7): 2106–2113.
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some form of M&S systems outside of the forest setting, when community members have
rights to harvest within the forest, when community members have residual claimancy over
the forest, and when forests have other adequate conservation mechanisms. We ﬁnd that
neither the number of NGOs operating in an area nor the strength of property rights in a
given area have a signiﬁcant impact on willingness for communities to engage in M&S.
Regarding the likelihood of external monitoring, we ﬁnd a strong negative relationship
between the right of locals to harvest trees and the probability of external monitoring. We
also ﬁnd that if a forest has adequate forest conservation measures in place, external monitoring is slightly less likely. However, we ﬁnd that the probability of external monitoring
increases with the number of NGOs operating in the area. Governmental right of residual
claimancy was found not to impact the probability of external monitoring.
Before delving into our speciﬁc ﬁndings, we ﬁrst provide an overview of the research
regarding M&S. Section 3 describes the source and structure of the data. Section 4 presents
the theory guiding our study. Section 5 presents the empirical results of our study, and
Section 6 discusses the implications of our results. Section 7 concludes.

2. Monitoring, sanctioning, and the commons
In his classic article, Hardin (1968) proposed that CPRs were destined for tragedy.
Research since 1968 has shown that tragic outcomes are not inevitable. A variety of institutional approaches and arrangements including governmental intervention, privatization,
and community collective action may avoid tragedy within CPR settings (National Research
Council, 1986, 2002; Ostrom, 1990; Coleman, 2009). Poorly designed or implemented institutions that fail to provide adequate incentives to resource users may, however, lead to
the tragedy predicted by Hardin (Dietz, Ostrom and Stern, 2003). As used in this sense,
the term institution refers to “the prescriptions that humans use to organize all forms of
repetitive structured interactions” (Ostrom, 2005, p.3). In other words, institutions consist
of the formal and informal rules-in-use established, as well as the norms relied on to protect
the resource.
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Increasing consensus has grown around the importance of M&S in CPR settings. Ostrom
(1990), Baland and Platteau (1996), and Wade (1994), for instance, all include M&S as
important for long-term resource survival. More recently, Stern et al. (2002, p.462) note
that successful CPR institutions “are widely recognized to depend on the ability of users
to . . . sanction rule-breaching behavior.” The authors further argue that monitoring is
“essential for operating or enforcing any rules regulating common-pool resources.”
The importance of M&S has also been observed in community forest management. In
their study of 178 user groups, Gibson, Williams and Ostrom (2005, p.273) assert that
“regular monitoring and sanctioning of rules-rule enforcement-is a necessary condition for
successful resource management.” The authors conclude that M&S are more important
to forest condition than the underlying levels of social capital, formal organization, or
dependence on the forest by the resource user group. After conducting a meta-study of
community forests throughout the world, Pagdee, Kim and Daugherty (2006) note that
among the institutional variables identiﬁed as important, “eﬀective enforcement” has one
of the strongest associations with success in forest management. The authors further ﬁnd
that monitoring is strongly associated with successful forest management, and note that
sanctioning is also associated with successful forest management, although somewhat less
strongly.2
Ostrom and Nagendra (2006) utilize over-time analysis of forest ecology characteristics
to ﬁnd that those forests with regular monitoring were on average improving on those
characteristics. Speciﬁcally, the authors ﬁnd a relationship between monitoring and tree
DBH, stem count, and basal area. Coleman (2009) further investigates these relationships
and ﬁnds M&S to be powerful predictors of changes in forest conditions even after controlling
for a number of institutional and ecological variables.
Recent theoretical work, as well as laboratory and ﬁeld experiments, shows a widespread
general willingness to sanction those who deviate from rules and reward those who adhere
to them. This willingness has been shown as theoretically possible (Milinski, Semmann and
2Pagdee, Kim and Daugherty (2006, p.44) ﬁnd that sanctioning weakly inﬂuences success. The authors note

that this “may reﬂect that although sanctions and penalties can occur in any forest community, the nature
and level of the sanctions and penalties being enforced can vary from case to case.”
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Krambeck, 2002; Boyd et al., 2003; Panchanathan and Boyd, 2004; Hauert et al., 2007). It
is supported by a number of recent empirical ﬁndings in laboratory settings with students
(Fehr and Gächter, 2000, 2002; Ostrom, Walker and Gardner, 1992; Sefton, Shupp and
Walker, 2007) and in ﬁeld experiments from societies around the world (Henrich et al.,
2006).
However, to suggest that the incentives to overharvest CPRs can be overcome with
eﬀective M&S presents a second-order, collective-action problem (Panchanathan and Boyd,
2004; Ostrom, 2005). Developing M&S institutions is often diﬃcult and may not always
occur. Indeed, in a recent survey from 15 small-scale communities, Henrich et al. (2006)
found substantial variation in the propensity to sanction. The question remains: Why do
those who monitor and sanction engage in such behavior at a personal cost to themselves?
(Boyd and Mathew, 2007).
A theory about the emergence of M&S should ﬁrst address the theoretical and empirical
plausibility of overcoming collective-action dilemmas, but must also indicate the types of
situations in which M&S are more likely to emerge. M&S activities need not solely come
from within communities of users. External governments often monitor and sanction users of
CPRs as well. While this article does not address the relative eﬃcacy of government versus
community M&S, sources of both forms might plausibly solve the CPR dilemma. There
seems to be little research examining the propensity of external governments’ willingness to
engage in such activity in local CPR settings.

2.1. Insights from Literature on Residual Claimancy. For the purposes of this
article, we deﬁne residual claimancy as all rewards and beneﬁts accruing from a resource
that are not captured by other resource users. It is assumed that residual claimants have a
reduced incentive to shirk than other types of resource users. de Janvry et al. (2001) and
Deininger and Binswanger (2001), for instance, assert that family members with residual
claimancy in an agricultural setting are more likely to engage in eﬀorts to cultivate and
reap rewards from the land than hired agricultural laborers in the same setting.
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Since the work of Alchian and Demsetz (1972), researchers have narrowed the focus on
the incentives driving monitoring within team production settings, where various individuals
are involved in production of a good or service and temptation to shirk by individual
members may be high. Alchian and Demsetz determined that whoever “receives the residual
rewards will be the monitor of the members of the team (i.e., will manage the use of
cooperative inputs)” (p.782). They reason that the residual claimant of the proﬁts or other
rewards will have an incentive to monitor others to reduce shirking by team members in
order to increase the amount of the residual claim. The further implication of this insight is
that those without residual claimancy may not have the incentive to monitor the actions of
others. Hence, employees or other agents may not have the incentive to monitor the work
of other agents.
When applied to CPR settings, Bardhan, Bowles and Gintis (2000) note that in the case
of commons-like situations where it is diﬃcult to exclude potential users from accessing a
resource, residual claimancy may impact an agent’s willingness to monitor the activities
of other agents. Similarly, Carpenter, Bowles and Gintis (2006) note that in experimental
settings, a team’s willingness to punish shirkers increased with the team members’ degree of
residual claimancy. In the current article, we are interested in determining whether residual
claimancy by communities or the external government has an impact on willingness to
engage in M&S.
3. The International Forestry Resources and Institutions (IFRI) research
program
The International Forestry Resources and Institutions (IFRI) research program began in
1992 as a longitudinal study designed to build knowledge of the relationships between forest
condition and the rules and strategies employed in community forestry around the world. To
date, IFRI researchers have conducted more than 400 ﬁeld studies within community forests
located in Bolivia, Colombia, Ecuador, Guatemala, Honduras, India, Kenya, Madagascar,
Mexico, Nepal, Tanzania, Thailand, Uganda, and the United States (International Forestry
Resources and Institutions, 2008). IFRI utilizes a multidisciplinary approach designed to
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collect both biophysical and social information regarding community forests and forestry
practices.
The information gathered at each selected site includes forest size and ownership type. In
each studied forest, researchers conduct forest mensuration within randomly selected plots
to identify tree species, height, stem diameter, as well as other indicators of forest biophysical
condition. In addition to these measurements, forest experts are asked to assess forest
condition generally by ranking the forest in terms of forest density and species diversity as
compared with other forests in the area, as well as commercial forest value and subsistence
forest value for the community.
IFRI researchers also collect social data on the community’s history, their reliance on the
forest, and other social, economic, political, and demographic dimensions. IFRI researchers
meet with local forest users throughout their ﬁeld visits to determine what forest products
are used, what rules have been created to govern forest use, who has authority to make the
rules, and how the rules are enforced. Both the biophysical and social data are recorded in
IFRI survey forms and entered into a common database.
The IFRI database contains substantial information dealing with the communities’ M&S
practices. This information includes the type and frequency of M&S and identiﬁes the source
of the M&S. As such, the IFRI database presents the opportunity to assess relationships
between who monitors and sanctions within a forest, the size of the forest, the ownership
arrangement, and the condition of the forest. From these data, we can gain a clearer
understanding of the factors leading to M&S both from outside and within the community.
4. Theory
We draw on the Institutional Analysis and Development (IAD) framework developed
by Elinor (Ostrom, 2005) and colleagues at the Workshop in Political Theory and Policy
Analysis at Indiana University. The IAD framework is not a single theory per se, but
rather a method of identifying key variables and relationships that one should consider in
developing and testing theories related to institutions.3 Since we seek in this article to
3See Ostrom (2005) for a thorough review of the framework.
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model both government and local user group decisions to monitor and sanction, it is helpful
to evoke this framework in order to assess the similarities and diﬀerences in the incentives
to maintain these institutions.
First the IAD framework focuses on an action arena, where participants engage with
one another in a particular action situation. For the purposes of this article, an action
situation will be the collective-action dilemma of providing monitoring and sanctioning.
Participant preferences and roles aﬀect the strategies they choose. Exogenous variables
that give context to the action arena, such as biophysical conditions, attributes of the
community and preexisting rules, constrain or enhance potential strategies. The outcomes
of the interactions from the action arena are often assessed, which in turn gives feedback to
the system.4
We develop a model where the dependent variable M&S is assumed to be correlated with
a set of key variables from invoking the IAD framework. We posit that Pr (Monitoring and
Sanctioning) = F (Attributes of Participants, Biophysical/Material Conditions, Attributes
of the Community, Rules, θ). Here, F is a bivariate normal link function (described in the
next section) and θ is a parameter vector linking the independent variables to monitoring
and sanctioning. The unit of analysis is the forest.
We hypothesize that the set of variables inﬂuencing local monitoring and sanctioning
may be quite diﬀerent from the set of variables aﬀecting external monitoring and sanctioning. Table 1 describes the variables we use in our analysis, and Table 2 describes the
anticipated eﬀects of each independent variable on the propensity of local actors or external
governments to engage in M&S.
First, consider the motivations of local users. As discussed, prior research suggests that
humans may engage in M&S despite costs to themselves. Henrich et al. (2006) ﬁnd that this
is highly correlated with individual altruism. However, the amount of M&S has been shown
to be inversely related to their costs (Horne and Cutlip, 2002; Carpenter, 2007). Thus, on
the one hand, the fact that local users monitor and sanction at all may be explained by
4In a dynamic model, not developed in this article, feedback processes that communicate M&S success and

failure may play an important role. If communities adaptively manage resources, this feedback mechanism
is essential.
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Table 3.1. Variable Descriptions
Category/Variable

Description

Units of measurement

Does a local forest association guard or a local user group
monitor or impose sanctions when a rule is broken?
Does a forestry department guard, an administrative government oﬃcial, or judge monitor or impose sanctions
when a rule is broken?

=0 if no; =1 if yes

Dependent Variables
Local M&S
External M&S

=0 if no; =1 if yes

Attributes of Participants
Country

Wage
HH/ha

Data from sites in 14 countries used: Bhutan, Bolivia,
Brazil, Colombia, Ecuador, Guatemala, Honduras, India, Kenya, Madagascar, Mexico, Nepal, Tanzania, and
Uganda
Wage rate, the opportunity cost of M&S
Number of households per hectare of forest

Dummy variables

U.S. dollars
Number

Biophysical/Material Conditions
Points
GDP

Are there points within the forest where the main ﬂow of
forest products can be controlled?
Per capita GDP adjusted for purchasing power parity
indicates demand for forest products

=0 if no; =1 if yes
U.S. dollars

Attributes of Community
M&S Outside
NGO

M&S on tasks outside of forest reduces transaction costs
Is an NGO or external aid agency involved with the forest?

=0 if no; =1 if yes
=0 if no; =1 if yes

Does residual claimancy of forest lie with local users?
Does residual claimancy of forest lie with an external government?
National property rights ranking, stronger property
rights provide incentive to invest through M&Sa
Does at least one user group have a de jure right to harvest trees from the forest?
The type of conservation measures adopted in relation to
this forest are evaluated as:b

=0 if no; =1 if yes
=0 if no; =1 if yes

Rules
Community
Government
PropRight
Harvest Rights
Conservation

Number between 0 and 10
=0 if no; =1 if yes
=0 if too lax or nonexistent;
=1 if too restrictive or about
right level

a

Strength of property rights is taken from Gwartney and Lawson (2006) and indicates the strength of private
property rights on a scale of 0 to 10. The variable is included for each year in which the survey has data available
for the year of the visit. However, in the early years of the property-rights index, data was only collected every
ﬁve years. In these cases, property rights are assumed to be a weighted average of the year nearest to the time
of visit. For example, if the visit took place in 1999 and property-rights data were available only for 1995 and
2000, then the data would be entered as 0.8PropRight2000 + 0.2PropRight1995.

b The variable Conservation is taken from an expert foresters assessment of conservation measures in the forest.
During each IFRI site visit, an experienced forester accompanies teams doing forest mensuration work and is
then asked to judge, comparing to similar forests in the region, if the conservation measures adopted at the site
are adequate or not.
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altruism or other-regarding preferences. However, the amount of M&S depends on costs.
Thus, a model of local M&S must account for the fact that at least some users are motivated
by such preferences and yet are also constrained by costs. Other exogenous variables also
inﬂuence the probability of M&S and are discussed in Table 2.
The decision of an external (national or regional) government to provide M&S takes
place in a wholly diﬀerent action arena. Much research now shows that elected oﬃcials
balance motivations of reelection with personal policy preferences (Arnold, 1990). If an
external government engages in M&S in a local commons, it is either because (1) agents
in the external government have policy preferences to do so or (2) political exigencies demand it. For example, Blaikie (2006) has argued that government agencies in many developed countries are motivated by national constituencies and donor funding to consider
conservation-oriented objectives to have primacy over economic development.5 Any models
of external government M&S must take into account both policy preferences and political
demands. If there is a recession, for example, the government may not have the resources
necessary to invest in M&S. This may act in tandem with community attributes if, for
example, a government is not able to pay a monitor and the forest community is willing
to bribe government oﬃcials in order to break the rules (Ostrom, 2005). Finally, broader
rules may demand or prohibit external government involvement in the local commons. The
variables hypothesized to aﬀect external M&S are also described in Table 2.
Finally, it is important to note that external and local M&S aﬀect each other. There is
some debate about whether these activities substitute for each other or complement each
other. For example, one of Ostrom’s (1990, p.101-102) design principles is that “monitoring
. . . [is] organized in multiple layers of nested enterprises.” In this sense, external government
M&S can be seen as a complement to local M&S eﬀorts; that is, there is a need for both
external and local eﬀorts.
However, there is some empirical evidence that suggests that government M&S may
crowd out local eﬀorts and be counterproductive (Cardenas, Stranlund and Willis, 2000;
5

Policy preferences of the government may contradict demands for conservation if, for example, revenues
from forests are substantial.
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Table 3.2. Anticipated Eﬀects of Explanatory Variables
Category/
Variable

Eﬀect on External M&S (anticipated
sign)

Eﬀect on Local M&S (anticipated sign)

Attributes of Participants
Country

Wage
HH/ha

Indicates country-speciﬁc variation in political
and administrative processes as well as citizen and political actors environmental policy
preferences. Country-speciﬁc variation in the
econometric model is in the error structure as
discussed in Section 5.
No anticipated eﬀect.
Indicates the salience of the forest. Large
forests and those with large human populations
are the most salient (+).

Variation in other-regarding preferences explained
by diﬀerences in culture across societies (Henrich
et al., 2006). Country speciﬁc variation in the econometric model is in the error structure as discussed
in Section 5.
Local wage rates indicate the opportunity costs of
engaging in M&S (-).a
Group size has long been hypothesized to be negatively related to the willingness of users to engage in
collective action, such as M&S (Olson, 1965; Poteete
and Ostrom, 2004) (-).

Biophysical/Material Conditions
Points

GDP

If the costs of M&S are low, then government
monitors are more likely to be motivated to
carry out these activities (+).
A proxy of the resources available to an external government in any given time period (+).

If the costs of M&S are low, then local monitors are
more likely to carry out these activities (+).
A proxy of demand for forest products. If demand is
high, the value of the forest is higher, thus providing
incentives for local M&S (+).

Attributes of Community
M&S Outside

No anticipated eﬀect.

NGO

NGOs often bring pressure on governments to
invest in resources and can make these actions
visible to key constituents, both at home and
abroad (+).

Community

If external government is not residual claimant
of forest, then it will not be more likely to engage in M&S (no eﬀect).
If external government is residual claimant of
forest, then it will be more likely to engage in
M&S (+).
No anticipated eﬀect.

Cooperation on other M&S activities lowers the
transaction costs of engaging in M&S inside the forest (+).
No anticipated eﬀect.

Rules

Government

PropRight

Harvest Rights

External governments are more likely to monitor when local users have no right to harvest
from the forest (+).

Conservation

Adoption of strict conservation measures increases the probability of monitoring and enforcing those rules (+).

If locals are residual claimant of forest, then they
will be more likely to engage in M&S (+).
If locals are not residual claimant of forest, then they
will not be more likely to engage in M&S (no eﬀect).
If property-rights enforcement is weak, then community members may not trust that the government
will enforce the communitys claims on the forest (+).
If user groups do not have any formal right to harvest from the forest, then they will be less likely to
engage in M&S. Even if they still harvest despite
not having explicit rights to do so, we would not expect them to actively engage in M&S for their own
extralegal activities (-).
Adoption of strict conservation measures increases
the probability of monitoring and enforcing those
rules (+).

a
The higher the local wage rate, the more costly it is for potential monitors to spend time engaging in M&S activities
when they could alternatively spend that time working. This is a standard interpretation for CPR problems (Ostrom,
Walker and Gardner, 1992).

Cardenas, 2004). Furthermore, local and external monitoring and sanctioning activities
might substitute for each other if, for example, locals feel like government oﬃcials can or
should be responsible for these activities. On the other hand, external governments may
have a limited budget and stop active M&S if locals appear to be engaging in M&S. Thus,
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there is no a priori expectation about whether these sources of monitoring and sanctioning
do indeed substitute for one another or complement one another.
5. Empirical Evidence
Summary statistics for each of the variables mentioned in the previous section are reported in Table 3. Most of the variables are taken from data collected during IFRI site
visits. GDP is in thousands of dollars, taken from the World Bank World Development
Indicators, and is adjusted for purchasing power parity. Strength of property rights is a
variable derived from Gwartney and Lawson (2006) and indicates the strength of private
property rights on a scale of 0 to 10.6
Table 3.3. Summary Statistics
Variable
Local M&S
External M&S
ln(Wage)
ln(HH/ha)
Points
M&S Outside
ln(GDP)
Harvest Rights
NGOs
Community
Government
PropRight
Conservation

Obs Mean Std. Dev.
147
147
136
135
144
134
148
139
148
144
144
142
141

0.442
0.592
0.153
0.277
0.493
1.896
7.383
0.576
1.466
0.139
0.792
4.631
0.518

Min Max

0.498
0
1
0.493
0
1
0.751 −1.709 2.727
2.131 −5.200 5.011
0.502
0
1
1.288
1
4
0.650
6.219 9.134
0.496
0
1
2.839
0
15
0.347
0
1
0.408
0
1
0.868
2.5
6.1
0.501
0
1

5.1. Bivariate probit model. In order to test the theory illustrated in the previous
section, we develop a bivariate probit model of M&S. First, consider that the binary variables
Local M&S and External M&S are indications of a continuous process. Local communities
and external governments actually consider the amount of M&S they will engage in, but
our data is limited by the fact that we only observe whether or not they engage in any M&S
activity. We deﬁne the outcome variable y1∗ as the latent amount of Local M&S and y1 as
6

See chapter 2, note 10 for further discussion of this variable.
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the observed binary variable. We also deﬁne the outcome variable y2∗ as the latent amount
of External M&S and y2 as the observed binary variable. We form a system of equations
such that
(4)

∗
∗ > 0, 0 otherwise,
y1i
= x1i β1 + ε1i , y1i = 1 if y1i
∗
∗ > 0, 0 otherwise.
y2i
= x2i β2 + ε2i , y2i = 1 if y2i

Next, we assume that the disturbances from Equation 1 are normal, orthogonal to the
explanatory variables x1 , x2 , and correlated such that
⎡
⎛⎡ ⎤ ⎡
⎤⎞
⎤
ε1
0
1 ρ
⎣
⎦⎠
⎦ |x1 , x2 ∼ N ⎝⎣ ⎦ , ⎣
(5)
0
ρ 1
ε2
where ρ is the correlation coeﬃcient for the two (unobserved) errors (Greene, 2003, 710).
This model can be estimated via maximum likelihood and is commonly referred to as a
bivariate probit model. When ρ=0, the model reduces to a set of independent probit
models. Note that the estimated standard errors from this model are clustered on the
country dummy variables. That is, the estimated variance of the model is allowed to vary in
each country. The statistical model can perhaps best be explained graphically. Fig. 2 shows
the determinants of the two dependent variables y1 and y2 (Local M&S and External M&S).
Each variable is directly aﬀected by a set of explanatory variables x1 and x2 , respectively.
We measure these eﬀects through our estimates of β1 and β2 . Each outcome variable is also
aﬀected by the disturbances, ε1 and ε2 , from both equations when ρ = 0. Thus, when the
estimated disturbance changes from one model, it impacts the predicted outcome variable
from the other model. For example, we include the log of the average daily wage rate as
an explanatory variable in the Local M&S equation, but exclude it from the External M&S
equation. We can measure the direct impact on Local M&S through our estimate of β1 .
However, while the wage rate does not directly aﬀect External M&S, it indirectly aﬀects it
through the disturbance term correlation ρ. Given the importance of ρ, it is important to
test if it is statistically diﬀerent from zero to determine if these indirect eﬀects exist. Also,
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note that the estimated value of ρ indicates whether external and local M&S are substitutes
(ρ < 0), complements (ρ > 0), or unrelated (ρ = 0).
ρ

ε1

y1

ε2

y2

β1

β2

x1

x2

Figure 3.1. The Bivariate Probit Model

5.2. Estimation Results. Table 4 presents results from estimating the bivariate probit model. The ﬁrst column, labeled Independent Restricted, restricts the ρ parameter to
zero and thus, as mentioned, is the same as estimating two separate probit models for Local
M&S and External M&S. The second column estimates the ρ parameter at −0.615, which
is statistically signiﬁcant from zero at the 0.01 level. This model restricts the variables in
x1 and x2 to only include the variables with anticipated eﬀects as described in Table 2.
Finally, the third column estimates ρ and allows all variables to enter into both equations.
In this model, ρ is also estimated to be statistically diﬀerent from zero at the 0.01 level at
a value of −0.620.
A negative estimate of ρ implies that local and external M&S are substitutes-that is, as
the probability of having one increases, the probability of having the other decreases. This
conﬁrms work by Cardenas, Stranlund and Willis (2000), who ﬁnd that external enforcement
may crowd out and replace local eﬀorts. In turn, this may have negative consequences for
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Table 3.4. Bivariate Probit Model Results
Independent Restricted
β

Std.Err.

Bivariate Restricted
β

Std.Err.

Bivariate Unrestricted
β

Std.Err.

Equation 1: Local M&S
ln(Wage)
ln(HH/ha)
M&S Outside
Points
ln(GDP)
Harvest Rights
Community
PropRight
Conservation
NGOs
Government
Constant

−0.722
0.223**
0.254**
−0.233
0.968**
1.323**
1.168
0.154
0.886***

(0.478)
(0.095)
(0.122)
(0.279)
(0.395)
(0.593)
(0.785)
(0.113)
(0.275)

−0.521
0.214**
0.229**
−0.252
0.713**
1.203**
0.864
0.153**
0.934***

(0.426)
(0.094)
(0.105)
(0.283)
(0.286)
(0.600)
(0.803)
(0.077)
(0.272)

−9.629***

(3.103)

−7.635***

(2.265)

(0.095)
(0.312)
(0.326)
(0.070)
(0.632)
(0.366)
(0.295)

−0.107
0.597*
−0.626*
0.335***
0.138
−1.019***
−0.806***

(0.100)
(0.336)
(0.362)
(0.084)
(0.436)
(0.374)
(0.283)

5.367**
−0.615***
100
−91.815
203.630
229.682

(2.478)
(0.181)

−0.459
0.247**
0.339***
−0.371
0.916***
1.446**
2.022**
0.085
1.013***
0.019
1.713*
−10.725***

(0.423)
(0.112)
(0.103)
(0.265)
(0.303)
(0.594)
(0.928)
(0.121)
(0.227)
(0.062)
(0.931)
(2.446)

−0.081
0.477
−0.867**
0.262***
−0.036
−0.987***
−0.984***
0.423*
0.059
−0.196
−0.007
7.382**
−0.620***
100
−86.933
193.866
219.918

(0.103)
(0.319)
(0.387)
(0.076)
(0.967)
(0.326)
(0.175)
(0.248)
(0.146)
(0.909)
(0.245)
(2.982)
(0.185)

Equation 2: External M&S
ln(HH/ha)
Points
ln(GDP)
NGOs
Government
Conservation
Harvest Rights
ln(Wage)
M&S Outside
Community
PropRight
Constant
ρ
N
Log−Likelihood
AIC
BIC

−0.116
0.601*
−0.658**
0.252***
−0.351
−0.961***
−0.889***

6.084***
0.000
100
−96.234
212.467
238.519

(2.262)
Assumed

Note: Robust standard errors clustered by country are in parentheses. Two-tailed hypothesis tests:
* p < 0.10, ** p < 0.05, *** p < 0.01.

forest management outcomes. This is an empirical result, but its normative implications
are not clear. This should not be construed to mean that government M&S should be
abandoned for local eﬀorts. Speciﬁcally, Ostrom (1990) has argued that governments often
have a vital role in backing up local eﬀorts or checking abuse of local power. Lejano and
Ingram (2007) argue that government backing of local eﬀorts is essential to sustain local
conservation eﬀorts.
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One way to discriminate between the models is to perform a likelihood ratio test. Since
these models are nested (the ﬁrst and second models are special cases of the third model), we


perform a likelihood ratio test. The test statistic is −2 × ln LR and is distributed χ2 with
LU

7

degrees of freedom equal to the number of restrictions. The model that allows estimation
of ρ and estimation of all variable eﬀects in both equations is the unrestricted model. The
likelihood ratio test statistic is computed by comparing both the independent probit model
and the restricted bivariate probit model to the unrestricted model. For the independent
probit model, we compute a likelihood ratio test statistic of 18.6. This value is statistically
signiﬁcant at the 0.01 level in the χ2 (7) distribution. Thus, we reject the hypothesis that ρ
can be constrained to zero. Similarly, we compute a likelihood ratio test statistic of 9.76 for
the restricted bivariate probit model. This value is statistically signiﬁcant at the 0.01 level
in the χ2 (6) distribution. Thus, we reject the hypothesis that the variables can be excluded
in the restricted model. These results imply that the unrestricted bivariate probit model
(the third column in Table 4) is preferred.
Other methods have been developed to discriminate models based on the parsimony
of the model. The likelihood ratio test allows us to select the most predictive model, but
does not penalize us for including extraneous variables. The Akaike Information Criteria
(AIC) and Bayesian Information Criteria (BIC), on the other hand, penalize the inclusion of
irrelevant variables. These measures are reported at the bottom of Table 4. Small values of
the AIC and BIC are preferred over large values. Again, we conclude that the unrestricted
bivariate probit model performs the best on these measures. Thus, we discuss the results
in terms of the unrestricted bivariate probit model reported in Table 4.
Table 5 decomposes variable eﬀects for the outcome Local M&S into direct eﬀects and
indirect eﬀects. For example, increased GDP has a direct eﬀect on Local M&S by its
relationship of increasing demand for forest products, thus making the forest resource more
valuable. However, increased GDP at the same time increases the resources available for
the government to engage in External M&S, which indirectly negatively aﬀects the amount
7Here, L
R and L
U refer to the estimated likelihood of the restricted (either the independent probit or

restricted bivariate probit) and unrestricted models.
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of Local M&S. Thus, the total eﬀect on Local M&S is greater than simply the direct eﬀect.
It is helpful to see these decomposed eﬀects. Table 4 indicates that the (log of) GDP’s
direct marginal eﬀect, holding all variables at their means, is 0.07, which is not statistically
signiﬁcant. However, the indirect eﬀect is a marginal eﬀect of 0.29, which is statistically
signiﬁcant at the 0.05 level. The total marginal eﬀect of (the log of) GDP on Local M&S
is 0.36 and signiﬁcant at the 0.05 level.
Table 3.5. Marginal Eﬀects on Local M&S from the Unrestricted Bivariate
Probit Model
Variable

Direct

Indirect

Total

Variable Type

ln(Wage)

−0.038
(0.131)
0.055*
(0.023)
0.000
(0.091)
0.114***
(0.029)
0.071
(0.093)
0.193*
(0.092)
0.066*
(0.028)
0.397
(0.350)
0.328***
(0.059)
0.023
(0.022)
0.070
(0.084)

−0.145*
(0.067)
0.044
(0.034)
−0.147
(0.093)
0.021
(0.041)
0.294*
(0.116)
0.332**
(0.120)
−0.059*
(0.026)
0.153
(0.341)
0.211
(0.202)
0.010
(0.068)
0.317*
(0.126)

−0.183
(0.169)
0.099*
(0.045)
−0.147
(0.104)
0.135***
(0.041)
0.365**
(0.121)
0.525**
(0.185)
0.008
(0.025)
0.550***
(0.118)
0.539**
(0.203)
0.034
(0.048)
0.387***
(0.080)

Continuous

ln(HH/ha)
Points
M&S Outside
ln(GDP)
Harvest Rights
NGOs
Community
Government
PropRight
Conservation

Continuous
Continuous
Binary
Continuous
Binary
Continuous
Binary
Binary
Continuous
Binary

Note: Standard errors in parentheses calculated via the delta method. Marginal eﬀects are calculated at the mean and holding all other variables at their means. The reported eﬀects for binary
variables are calculated by ﬁrst diﬀerencing (i.e., subtracting the predicted probability of Local
M&S when the variable is zero from the predicted probability of Local M&S when the variable is
one). Two-tailed hypothesis tests: * p < 0.10, ** p < 0.05, *** p < 0.01.

Table 5 indicates there are strong relationships between local community institutions
and the willingness to engage in Local M&S. First, we look at M&S Outside. Communities
that engage in monitoring and sanctioning activities outside of the forest are predicted
to have 0.14 higher probability of engaging in Local M&S than communities that do not
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engage in such activities, holding all variables at their means (signiﬁcant at the 0.01 level).
The largest eﬀect of this variable comes from its direct eﬀect. Second, we assess Harvest
Rights. Communities that have the right to harvest trees from a forest are predicted to
have 0.53 higher probability of engaging in Local M&S than communities without such
rights. There are large direct and indirect eﬀects of this variable. In addition, the total
eﬀect is quite large. Communities with such rights are more than 50 percent more likely
to engage in Local M&S. Third, communities that hold residual claimancy are more than
50 percent more likely to engage in Local M&S than when the residual claimancy resides
with a private individual or family (the base category). However, they are only slightly
more likely to engage in Local M&S than when the residual claimancy of the forest is held
by an external government. Fourth, forests with adequate conservation measures are 39
percent more likely to have Local M&S than forests without such measures, holding all
other variables at their means (signiﬁcant at the 0.01 level). Finally, it is important to note
that neither the number of NGOs nor the strength of property rights signiﬁcantly increases
the probability of Local M&S.
Table 6 reports direct and indirect marginal eﬀects for External M&S. There appears
to be a strong negative relationship between the right to harvest trees and the probability
of external monitoring and sanctioning. Forests that allocate rights to harvest trees to local
communities are almost 32 percent less likely to have External M&S, holding all variables
at their means (signiﬁcant at the 0.01 level). The number of NGOs in the forest increases
the probability of External M&S by 0.09 at the margin, holding all other variables at their
means (signiﬁcant at the 0.05 level). Forests evaluated as having adequate conservation
measures are slightly less likely to have External M&S, holding all other variables at their
means (signiﬁcant at the 0.10 level). Residual claimancy of the forest is not a statistically
signiﬁcant predictor of External M&S.
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Table 3.6. Marginal Eﬀects on External M&S from the Unrestricted Bivariate Probit Model
Variable

Direct

Indirect

Total

Variable Type

ln(Wage)

−0.038
(0.131)
0.055*
(0.023)
0.000
(0.091)
0.114***
(0.029)
0.071
(0.093)
0.193*
(0.092)
0.066*
(0.028)
0.397
(0.350)
0.328***
(0.059)
0.023
(0.022)
0.070
(0.084)

0.186
(0.128)
−0.083
(0.045)
0.166
(0.103)
−0.094*
(0.046)
−0.375**
(0.117)
−0.509***
(0.133)
0.026
(0.022)
−0.468***
(0.109)
−0.340
(0.327)
−0.026
(0.066)
−0.401***
(0.077)

0.148
(0.076)
−0.028
(0.036)
0.166
(0.113)
0.021
(0.051)
−0.304*
(0.133)
−0.316***
(0.078)
0.092**
(0.032)
−0.071
(0.342)
−0.012
(0.336)
−0.003
(0.085)
−0.331*
(0.134)

Continuous

ln(HH/ha)
Points
M&S Outside
ln(GDP)
Harvest Rights
NGOs
Community
Government
PropRight
Conservation

Continuous
Continuous
Binary
Continuous
Binary
Continuous
Binary
Binary
Continuous
Binary

Note: Standard errors in parentheses calculated via the delta method. Marginal eﬀects are calculated at the mean and holding all other variables at their means. The reported eﬀects for binary
variables are calculated by ﬁrst diﬀerencing (i.e., subtracting the predicted probability of External
M&S when the variable is zero from the predicted probability of External M&S when the variable
is one). Two-tailed hypothesis tests: * p < 0.10, ** p < 0.05, *** p < 0.01.

6. Discussion
In the preceding sections, we developed an econometric model of M&S using selected
variables from the IAD framework. A number of results with important policy implications
emerge from this analysis. Some of these results will now be explored further.
6.1. Previous Experience in M&S. As noted in Table 5, communities that have
engaged in other types of M&S are more likely to engage in M&S within community forestry
settings. This may result due to institutional learning. Once a community has engaged
in a type of collective action, it may be more able to perform similar types of collective
action. Additional research into this relationship may reveal the strength of the relationship
between community M&S within forest settings and in other community activities. Better
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understanding this relationship may have direct implications for policymakers both within
governmental settings and NGOs who are trying to assess the feasibility of local management
of forest resources. A community that has other types of M&S appears more likely to engage
in M&S in local forest activities—an important aspect of any community management
program.
6.2. Harvest Rights. From the preceding analysis, we found that when local user
groups are given the right to harvest from the forest, they are more likely to engage in
M&S; however, external governments are less likely to engage in M&S. This has important
policy implications. It seems somehow counterintuitive that giving the right to harvest trees
from a forest may actually improve forest conditions. While that explicit link has not been
made in this article, we do ﬁnd evidence for the causal mechanism that undergirds such a
claim: local users are more likely to monitor when they have something to lose.
Finally, our analysis of the impact of harvest rights notes a strong negative relationship
between local harvest rights and external governmental M&S. It appears that governments
are far less likely to provide M&S when locals hold harvesting rights. This may be because
external governments expect local communities to protect their rights to harvest when they
are given them. More research into the relationship between harvest rights and willingness
of external governments to provide M&S is required to understand why local harvest rights
may discourage external governmental action.
6.3. Residual Claimancy. Scholars often cite the trade-oﬀs of government, private,
and local ownership when assessing institutional arrangements, but usually conﬁne that
analysis in terms of the tragedy of the commons. In fact, work by Ostrom (1990), Gibson,
Williams and Ostrom (2005), Ostrom and Nagendra (2006), and Coleman (2009) indicates
that diﬀerences between ownership regimes are relatively superﬁcial. After all, why would
we expect absolutely identical forests (ecologically and institutionally) to have diﬀerent outcomes simply because their names happen to be “government,” “community,” or “private”?
It seems that future work on property regimes must seriously consider what it means to
have those labels. We suggest that one promising way to think of the problem is in terms
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of residual claimancy. The lesson from previous theoretical and laboratory work seems to
indicate that those with residual claimancy are the most likely to engage in M&S (Carpenter, Bowles and Gintis, 2006). However, our analysis indicates-supportive of Ostrom
(1990), Gibson, Williams and Ostrom (2005), Ostrom and Nagendra (2006), and Coleman
(2009)—that residual claimancy is not uniformly important in predicting local and external monitoring across property regimes. Local residual claimancy seems to impact local
M&S, but residual claimancy held by the government does not increase external governmental willingness to conduct M&S. Again, this ﬁnding merits further research regarding
the likelihood of external monitoring when governments are residual claimants.
6.4. What role can NGOs play? In the preceding analysis, we found that the number of NGOs may be a powerful catalyst for government action to engage in M&S. It is
clear that NGOs bring increased attention, which prompts external government action.
Conversely, NGOs seemingly did not have a signiﬁcant eﬀect on the willingness of locals to
engage in M&S. At present, we cannot say why this result occurs. NGOs at the sites selected
in this sample may not explicitly target local monitoring. Or, NGOs at the sites may be
ineﬀective in their eﬀorts to encourage local monitoring. Future research must determine
the extent to which NGOs motivate governmental action regarding forest monitoring and
the eﬀect NGOs have on local willingness to engage in M&S.
7. Conclusion
In this article, we have explored the elements leading to both local and external M&S
in community forests. We have found that diﬀerent elements are important for local M&S
as contrasted to external M&S. While previous experience in M&S, right to harvest, and
residual claimancy were found to be important to local M&S, the number of NGOs appeared
strongly associated with external M&S. Through this study, we have econometrically examined data from community forests in 14 countries. We have found that despite the cultural
variability inherent across diﬀerent countries, these factors were fairly consistent. Indeed, it
appears that institutional factors are important determinants of willingness and or ability
to monitor and sanction.
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This study, however, only scratches the surface of what still must be learned regarding
the factors leading to M&S. Admittedly, the study has real limitations. We believe the crosscomparison of 14 countries represents a good start. Additional countries must be included
to improve our understanding of the factors aﬀecting M&S. The inclusion of additional
countries could conﬁrm the elements we found to be important, or could add clarity as to
what makes these factors important within the 14 countries with sites in the IFRI database.
Furthermore, the current study is only able to identify which elements have led to M&S, but
cannot comment on the eﬀectiveness of the implementation of the M&S programs, although
this has been discussed in previously cited research (Ostrom and Nagendra, 2006; Coleman,
2009). Furthermore, the current research is not able to identify whether local or external
M&S is most eﬀective. Additional research could help address these questions.
More research is also needed to understand how the sources of M&S relate to one
another. At least one stream of research seems to suggest that external M&S crowds out
local activities (see Cardenas, Stranlund and Willis, 2000). Other research suggests that the
two types of monitoring can work in nested arrangements where both types of institutional
arrangements work in tandem to increase the likelihood of successful CPR management
(Ostrom, 1990). In this article, we assess only operational-level monitoring for both local
and external eﬀorts and ﬁnd they are substitutes. Future eﬀorts need to distinguish external
M&S at the operational level from activities designed to back up local eﬀorts.
In light of these many questions left outstanding, we believe that there is a great body
of research yet to be conducted on the sources and importance of M&S. It is our hope that
future comparative and case study research will seek to better understand the circumstances
leading to M&S from local as well as external sources.

CHAPTER 4

Common Property Endowments in the Trust Game:
Experimental Evidence from Bulgaria

You may be deceived if you trust too much, but you will live in torment if you don’t trust enough.
Frank Crane
Trust is one of those things that is much easier to maintain than it
is to repair.
Thomas Sowell

1. Introduction
Many experiments demonstrate that humans have complex motivations beyond simple
own-income maximization (Camerer, 2003). Little is known, however, about how these
motivations change under diﬀerent property rights arrangements (Cox et al., 2009). Social
scientists have long debated the functions and limitations of diﬀerent property rights regimes
on human behavior (McKean, 2000). The control that can be established in an experimental
lab presents a unique opportunity to isolate the eﬀects property rights on behavior.
In this paper I use common property to refer to “a property rights arrangement in which
a group of resource users share rights and duties toward the resource (McKean, 2000, p.30).”
The terms common and private property, however, are very general concepts. Goods have
77
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property rights bundles; some rights to use a good may be private while others may be
common (Alchian and Demsetz, 1973). The particular rules associated with any particular
use of a good may make a large diﬀerence in how the good is provided, produced, and used.
Much research shows that some communities have used common property rights systems to eﬀectively manage various natural resources over long periods of time (National
Research Council, 1986; Ostrom, 1990). These studies generally conclude that successful
management can be achieved when restrictions are placed on the scope of common property
rights extended to users. For example, user groups might limit those who can harvest from
the resource, use extraction quotas, use technology constraints, or employ social shaming or
other sanctions to those that overharvest (see Ostrom, 1990; Agrawal, 2001a; Dietz, Ostrom
and Stern, 2003).
Despite these documented successes some scholars still remain skeptical of the viability
of common property (Demsetz, 2008). Alchian and Demsetz (1973), for example, argued
that “persons who own communal rights will tend to exercise these rights in ways that ignore the full consequences of their actions (p.19).” Despite these arguments, little research
has been conducted which compares common property arrangements with private property
arrangements, given that other institutional factors are held constant. In a recent paper,
Cox et al. (2009) test if there is a diﬀerence in behavior in an experimental laboratory where
they carefully control the property rights structures that subjects face. While that paper
is an important ﬁrst step, we still have little evidence of a fundamental diﬀerence between
common property arrangements and private property arrangements across contexts. We
know that private property arrangements have sometimes been successful in achieving relatively high levels of cooperation among participants. We also know that common property
arrangements have sometimes been successful given internal rules mitigate incentives to
overharvest resources. We still do not know, however, if these successes are because of an
underlying basis in common or private property or despite it.
Pejovich (1973) has argued:
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“A crucial task of the property rights approach to a generalization of
the standard theory of production and exchange must be to demonstrate
that. . . the content of property rights aﬀects the allocation and use of
resources in speciﬁc and predictable ways (p.42).”

The diﬃcult task facing property rights scholars is to evaluate such predictions by constructing valid counterfactuals for diﬀerent property rights systems. What would the outcomes
be if property rights governing certain resources were to change? Experimental economics seems ideally suited to answer Pejovich’s challenge. In the ﬁeld, it is often diﬃcult to
establish counterfactuals of property rights arrangements which have taken many years to
evolve. In the laboratory, however, we can randomly assign diﬀerent property rights systems
to groups of participants while controlling for other factors that might inﬂuence behavior.
To shed light on these questions, I report on a series of experiments conducted in
Bulgaria in fall 2007. These experiments contained two variations of the Trust Game; in half
of the experiments subjects were endowed with a resource under private property conditions
(the Private Property Trust Game) and in the remaining experiments subject-pairs were
endowed with a resource under common property conditions (the Common Property Trust
Game).
Both treatments are based on the standard Trust Game (Berg, Dickaut and McCabe,
1995). In the standard game, the ﬁrst mover, endowed with a private good, makes a decision
that can create a surplus to be shared with a second mover. Each money unit sent to the
second mover by the ﬁrst mover is tripled by the experimenter. The second mover is given
full ownership and full authority over the distribution of the ﬁrst mover’s investment and
the resulting surplus. The ﬁrst mover might send some positive amount if they trust that
the second mover is trustworthy and will reciprocate the ﬁrst mover’s trust or if they derive
personal satisfaction from giving to the second mover (Cox, 2004; Cox and Deck, 2005;
Ashraf, Bohnet and Piankov, 2006).
Following Cox et al. (2009), the common property treatment is the inverse of the standard trust game. In this treatment the initial endowment is assigned jointly to the two
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players. The ﬁrst mover has the option of withdrawing resources from a joint fund and
destroying the surplus. Each money unit the ﬁrst mover withdraws reduces the joint fund
by three units. The Common Property Trust Game is isomorphic to the Private Property Trust Game; feasible choices and payoﬀs for the participants are equivalent in the two
games.
The Nash equilibrium strategy (assuming subjects maximize their own income) for both
variants of the game is zero investment and zero reciprocity. Contrary to this prediction,
all studies of the Trust Game ﬁnd positive trust and reciprocity (Cardenas and Carpenter, 2008). Furthermore, the prediction from Alchian and Demsetz (1973) in the common
property treatment is clear: self interested users “will convert the resources owned under
communal arrangements into resources owned privately (p.22).” I expect positive trust
and reciprocity in both treatments, but signiﬁcantly lower trust in the common property
treatment.
The expected eﬀects of the common property treatment may vary according to the subject pool depending on how diﬀerent subjects perceive the game they are playing, given
their speciﬁc social histories. Among U.S. college students, Cox et al. (2009) ﬁnd a positive
common property treatment eﬀect. However, I anticipate the eﬀect to be negative in Bulgaria, where the failures of the communist state and the subsequent failures of transition
to a market economy and political democracy have left citizens disenchanted with common
property institutions (Theesfeld, 2005). In fact, I do ﬁnd a negative treatment eﬀect from
the common property endowment. This ﬁnding has important policy implications for societies that have experience with highly centralized socialism. For example, Theesfeld and
Boevsky (2005) describe a failed World Bank program in Bulgaria which used defunct agricultural cooperatives. Bulgarians seem more cooperative with private property endowments
than common property endowments.
In the following section I describe the experimental design of both treatments of the
Trust Game and review the past literature. In Section 3 I describe the experimental protocols used in this paper and in Section 4 the results. Section 5 includes a discussion of the
results and the ﬁnal section concludes.
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2. Experimental Design
The structure of the Berg, Dickaut and McCabe (1995) Trust Game is as follows: two
subjects, Type X and Type Y are each given an endowment of $10. The Type X subject
moves ﬁrst and must decide how much of his initial $10 endowment to send to the paired
Type Y subject. Each dollar the Type X subject sends is tripled in value. The Type Y
subject then decides how much to send back to the Type X subject. We can solve the game
via backward induction. The Type Y subject has no incentive to send any money to the
Type X subject, because sending money back merely subtracts from Type Y’s payout. The
Type X player, anticipating no return payments similarly has no incentive to send anything
to the Type Y player. If monetary payoﬀs adequately represent utility we would therefore
predict that the Type X player send nothing and the Type Y player return nothing.
The Berg, Dickaut and McCabe (1995) experiments, however, found that 30 out of 32
subjects sent some money. They interpret Type X behavior as an action of trust. Type X
subjects send money to Type Y subjects anticipating they will take the Type X subject’s
interests to heart and “do what is right” (Hoﬀman, 2002). This trust is an investment.
The Type Y behavior, the decision to return money, has been interpreted as reciprocity
(McCabe and Smith, 2001).
Koford (2003) replicated two types of trust game experiments in Bulgaria. In the
traditional Berg, Dickaut and McCabe (1995) game he surprisingly found that Bulgarian
students had very high levels of trust—higher than those found for students in Minnesota.
In a slightly diﬀerent treatment developed by Fehr, Kirchsteiger and Riedl (1993), however,
Bulgarian students had much lower levels of trust. In the treatment condition, among
other modiﬁcations, instead of referring to subjects as Type X and Type Y, subjects were
referred to as Bosses (Type X) who oﬀer a wage and Workers (Type Y) who return some
labor eﬀort. In contrast to the standard Trust Game Koford found that Bulgarian students
in this treatment exhibited very low levels of trust. He attributes this to a general distrust
of authority in Bulgarian culture.1
1In the experiments I conducted here subjects were not labeled or referred to as Bosses or Workers, but

instead to the generic terms of Type X and Type Y.
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2.1. A Common Property Trust Game. Many replications of the trust game have
been performed.2 Cox et al. (2009) replicated the Trust Game at Indiana University, and
added another treatment. Instead of each subject being endowed with an initial $10 and
asking Type X students to send some portion of their endowment to be tripled, the authors
instructed the subjects that the initial endowment was a joint fund. The value of the joint
fund was $30. The Type X subject’s decision task was now to decide how much to withdraw
from the joint decision fund, knowing that each dollar withdrawn subtracted $3 from the
joint fund. Mathematically, this is a simple isomorphic transformation of the Berg, Dickaut
and McCabe (1995) experiment. However, the endowment was framed as a joint resource
rather than private. The authors found that Type X subjects in the group ownership setting
trust more than Type X subjects in the private ownership setting (although not statistically
signiﬁcant).
2.2. The Trust Game in the Field. The trust game has also been repeated in ﬁeld
settings. Harrison and List (2004) review ﬁeld experiments and argue that “. . . lab experiments in isolation are necessarily limited in relevance for predicting ﬁeld behavior, unless
one wants to insist a priori that those aspects of economic behavior under study are perfectly general.” If student populations accurately reﬂect key variables for which a researcher
wishes to generalize experimental ﬁndings, then ﬁeld experiments are unnecessary. However, convenience samples from student populations do not reﬂect key characteristics of the
targeted population being studied here. Speciﬁcally, the student experiments conducted in
the U.S. and in Bulgaria by Koford (2003) do not generalize well to Bulgarian citizens who
have lived under a communist legacy.
Examples of ﬁeld experiments with the Trust Game include those conducted by Barr
(2004) in Zimbabwe who ﬁnds similar results to those of U.S. students in the Berg, Dickaut
and McCabe (1995) experiments. Karlan (2005) conducted a number of trust games with
villagers in Peru and found that trust measures from the experimental game were powerful
predictors of the probability that villagers would default on microﬁnance loans. Schechter
2See Camerer (2003), Ostrom (2005), and Cardenas and Carpenter (2008) for reviews.
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(2007) replicated the trust game in rural Paraguay and found that subjects’ risk attitudes
largely accounted for the investments in the Trust Game, contrary to Eckel and Wilson
(2004). Recently, Cardenas and Carpenter (2008) have reviewed the results from twelve
ﬁeld experiments of the Trust Game and found a general trend that ﬁeld experiments
generally measure lower levels of trust than laboratory experiments with students.

3. Experimental Protocols
For this chapter I closely followed the protocols developed in Cox et al. (2009).3 The
following protocols were used: Sixteen participants and three alternates were recruited for
the game. Upon arrival subjects signed in and received an unconditional 10 Leva (approximately 8 USD) show-up fee.4 At the beginning of the game all subjects were given an
additional 10 Leva with which to play the trust game. All the subjects entered a large
room in a local school where in each session the same native Bulgarian experimenter read
the instructions aloud and answered subject questions. All participants randomly drew an
experiment identiﬁcation number and ﬁlled out a comprehension survey.5
Each subject was randomly assigned a role as a Type X or Type Y after completing
the comprehension survey ensuring they understood payments for both Type X and Type
Y subjects. Type X subjects then stayed in the ﬁrst room while Type Y subjects moved to
an adjacent room. Type X subjects ﬁlled out a decision form indicating between 0 and 10
3Notable deviations from their protocols are: my absence from the room; use of Leva instead of dollars;

a more extensive testing of experiment comprehension of the subjects; a more extensive post-experiment
questionnaire; and, most importantly a single-blind protocol commonly used in ﬁeld experiments (Barr, 2004;
Bahry et al., 2005; Karlan, 2005; Schechter, 2007). Among other variables of interest, the post-experiment
questionnaire includes data requests for place of residence to distinguish rural from urban subjects; age of
subject; World Value Survey questions; and the amount the Type X subjects expect to receive back from
their trusting investment.
4This cash payment was necessary to establishing trust between subjects and the experimenters and to
ensure the subjects that payments would be honored at the end of the game.
5The comprehension survey gave three random examples of decisions by hypothetical Type X and Type Y
subjects and asked the subjects to calculate hypothetical earnings. An experimenter would check to make
sure each subject correctly calculated the hypothetical earnings. If a subject did not understand how to
calculate earnings in the ﬁrst example, then the experimenter would carefully explain the process again. The
subject was then asked to calculate the second example. If the subject still did not correctly calculate the
hypothetical earnings the experimenter would again explain the process. Finally, the subject would calculate
the earnings for the third example. Experimenters conﬁrmed that each subject understood and correctly
calculated the hypothetical payments by the third example.
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Leva that they wished to send to the Type Y subject (or take from the joint fund). Type
X subjects placed their decision sheet in an envelope which was then taken to a payment
room where the decisions were checked to be within the parameters of the study. The
envelopes were then randomly chosen by the Type Y subjects waiting in the adjacent room.
Type X subjects then ﬁlled out the post-experiment questionnaire while Type Y subjects
ﬁll out their decision form indicating the number of Leva they wish to return to the paired
Type X subject. These decisions were placed in a separate envelope. While payoﬀs for
each subject were calculated Type Y subjects ﬁlled out the post-experiment questionnaire.6
Payoﬀs were placed in sealed envelopes. An experimenter then disbursed payoﬀs to each
subject in private. Details on the experimental protocol for the games are found in the
Appendix.
Eight sets of experiments were conducted in three Bulgarian towns. Two sessions of the
Common Property Trust Game and two sessions of the Private Property Trust Games were
conducted in Plovdiv, the largest town. One session of the Common Property Trust Game
and one session of the Private Property Trust Game were conducted in each of the two
other small towns. Native Bulgarian research assistants recruited subjects in each town.
Subjects were told they would earn between 10 and 50 Leva during the experiment which
would last about one and a half hours. Experimental sessions in the small towns were held
in local high schools, while experiments in Plovdiv were held at the Faculty of Agriculture
Economics at Plovdiv University.
Subjects were not randomly sampled from the general population of these towns. School
directors helped recruit some subjects for each session with the instruction that subjects
could not be related to each other, could not know each other, and had to be over 18 years
old. The remaining subjects were recruited from local contacts that were not familiar with
experimental protocols or objectives and were given the same instructions on recruiting.
Subjects arrived independently from each other and did not appear to know each other.

6Note that Type X subjects had knowledge of their own decision but no knowledge of their paired Type Y

decision when they ﬁlled out the questionnaire. Type Y subjects, on the other hand, had full knowledge of
both their own decisions and their paired Type X decision.
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The payoﬀs of the ﬁeld experiments mentioned in the previous section range from onehalf to two days wage. The average payment in the Bulgaria experiments was about 1.5
days wage according to the reported monthly income of the participants.

4. Results
4.1. Descriptive Statistics. To make data comparable across treatments, I code a
variable X as the decision of the amount sent by the Type X to the Type Y in the Private
Property Trust Game and as ten minus the decision of the amount to take in the Common
Property Trust Game. Thus, higher values of X indicate a greater willingness to trust in
both games. Summary statistics for the Type X subjects are reported in Table 4.1 and
for the Type Y subjects in Table 4.2. There is a wide variation in age, schooling, and
expectations of the subjects as well as in their behavior in the experiments. Tables 4.1 and
4.2 report means, standard deviations, and number of observations for each variable. Four
experiment sessions, consisting of groups of eight Type X and eight Type Y subjects, were
conducted under each treatment, for a total of 32 observations for each subject type under
each treatment.
Also reported in Tables 4.1 and 4.2 are statistics from diﬀerence in means t−tests and
Kolmogorov-Smirnov tests of diﬀerence in probability distribution for each variable across
treatments. Characteristics of the subjects are similar across treatments, although a larger
proportion of Type X subjects in the Common Property treatment believe most people are
fair (DumTrust Pos) and Type Y subjects in the Common Property treatment have more
schooling (School). The distribution of years of schooling appears to be diﬀerent among
Type Y subjects in the Common Property Trust Game than for Type Y subjects in the
Private Property Trust Game. The amount returned by Type Y subjects in the Private
Property treatment is greater and follows a diﬀerent distribution than than the amount
returned by Type Y subjects in the Common Property treatment. However, I will later
show that this is explained by the greater Type X investments in the ﬁrst stage of the
game.
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Table 4.1. Distribution of Type X Subject Characteristics Across Treatments
Common
Private
Property Property
X

School

ln(Income)

Male

Age

DumTrust Pos

DumFair Pos

Expect

Conﬁdence

3.344
(3.38)
32
15.516
(3.52)
31
5.204
(1.82)
32
0.344
(0.48)
32
37.656
(15.15)
32
0.323
(0.48)
31
0.323
(0.48)
31
1.224
(1.04)
29
6.677
(2.15)
31

T–Test1

4.531 −1.188
(3.23) (0.83)
32
64
14.323
1.194
(5.09) (1.11)
31
62
4.724
0.480
(2.32) (0.53)
30
62
0.438 −0.094
(0.50) (0.12)
32
64
33.563
4.094
(13.77) (3.62)
32
64
0.188
0.135
(0.40) (0.11)
32
63
0.065
0.258***
(0.25) (0.10)
31
62
1.564 −0.339
(1.00) (0.26)
32
61
5.938
0.740
(2.72) (0.62)
32
63

K–S Test2
0.250

0.226

0.188

0.094

0.188

0.135

0.258

0.189

0.205

Notes: Means, standard deviations in parentheses, and number of observations reported for Common Property and Private Property treatments.
1
Two sided diﬀerence of means t-test, with total standard error in parentheses. 2 Kolmogorov-Smirnov diﬀerence of probability distribution test.
* p <0.10, ** p <0.05, *** p <0.01

Similar to previous research I ﬁnd that most subjects send some portion of their endowment to the Type Y subject and that most Type Y subjects give some reward to this
behavior (Cardenas and Carpenter, 2008). Figures 4.2 and 4.3 show the distribution of
Type X decisions for the Common Property and Private Property Trust Games, respectively. Each bar graph displays the decision for each Type X subject, (the amount sent
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Table 4.2. Distribution of Type Y Subject Characteristics Across Treatments
Common
Private
Property Property
Y Return

School

ln(Income)

Male

Age

DumTrust Pos

DumFair Pos

5.000
(6.52)
32
13.194
(2.96)
31
5.517
(1.20)
31
0.438
(0.50)
32
36.688
(13.95)
32
0.500
(0.51)
32
0.313
(0.47)
32

7.938
(5.75)
32
15.839
(5.09)
31
5.487
(1.79)
32
0.406
(0.50)
32
37.406
(14.16)
32
0.387
(0.50)
31
0.484
(0.51)
31

T–Test1

K–S Test2

−2.938*
(1.54)
64
−2.645**
(1.06)
62
0.030
(0.39)
63
0.031
(0.13)
64
−0.719
(3.51)
64
0.113
(0.13)
63
−0.171
(0.12)
63

0.406***

0.419***

0.186

0.031

0.094

0.113

0.171

Notes: Means, standard deviations in parentheses, and number of observations reported for Common Property and Private Property treatments.
1
Two sided diﬀerence of means t-test, with total standard error in parentheses. 2 Kolmogorov-Smirnov diﬀerence of probability distribution test.
* p <0.10, ** p <0.05, *** p <0.01

in the Private Property Trust Game or the amount left in the group fund in the Common
Property Trust Game) as well as the corresponding decision by the partnered Type Y. The
decisions are sorted from high to low, ﬁrst by the X decision and then by the Y decision.
Figure 4.1 shows a frequency distribution of Type X decisions. The ﬁrst thing to note
from Figure 4.1 is the large proportion of Type X subjects in the Common Property Trust
Game that took everything from the joint fund (i.e. X = 0). Twelve out of 32 subjects
(37.5%) did not trust their partner at all. This contrasts with Berg, Dickaut and McCabe
(1995) where only two out of 32 subjects (6.25%) did not trust at all. Cox et al. (2009)
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found that only ﬁve out of 34 subjects (14.71%) did not trust at all in the Common Property
Trust Game. In the Cox et al. (2009) paper, one half of the subjects left all of the money in
the Common Property Trust Game. The distribution of behavior in the Bulgaria Common
Property Trust Game appears to be opposite of that found by Cox et al. (2009), in that
half of the subjects left everything in the CPR treatment.
A number of anomalous observations appear in Figures 4.2 and 4.3. Sixteen Type Y
subjects made decisions where they returned more in the second stage than three times
the amount their paired Type X subject sent in the ﬁrst stage. In some cases a Type X
subject sent zero and the Type Y subject returned some positive amount. Similar results
were found by a subject in Koford (2003) in his study of Bulgarian university students and
by a number of subjects in Karlan (2005).
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Figure 4.1. Frequency Distribution of Trust Across Trust Games
The experiment went to great lengths to ensure that subjects understood the experimental protocol. It is my belief that the Type Y subjects well understood the implications
of their decisions. In the post-experiment questionnaire subjects were asked their reasons
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for making the decisions they made. Some of the reasons oﬀered by Type Y subjects that
made decisions such that their payments would be lower than their paired Type X subject
follow:
• I sent 23 because I wanted to have a friendly relation with my partner (Type X
sent 10).
• I sent 1 because it is possible that I might know the other person (Type X sent 0).
• The X sent me 2 (when tripled this is 6); therefore, I think I should keep my 10
leva primary fund, and X should be rewarded for his courage (Type Y sent 6 in
return).
In addition to these reasons, which emphasize that the Type Y subject wanted to make
a positive statement to the Type X partner, another reason was given. In two instances
subjects sought out members of the experimental team after the experiment was over to
explain their reasons for rewarding the Type X person. In the ﬁrst instance, a Type X had
sent zero and the paired Type Y subject wanted to “play the game.” In disgust with his
inability to participate he simply rewarded the Type Y subject with one leva. In the second
instance, the Type X subject sent 4 to the paired Type Y. The Type Y subject explained
that he was disgusted with this “lack of trust” and wanted to shame the Type X. The only
means to shame the Type X subject was to over-reward them so that they would know if
they would have given more they would have received more and everyone would have been
better oﬀ. This subject decided to send 20 leva to the Type X. The subject is an accountant
by occupation and understood the game well. Furthermore, the subject’s monthly income is
only 420 leva per month. Thus, the cost of the decision to shame amounted to an equivalent
of 1.4 days wage.
Similar to previous ﬁeld experiments, the amount sent by Type X players in the Trust
Game is much less than that from experiments with university students (Cardenas and
Carpenter, 2008). For example, in the Cox et al. (2009) replication, Indiana University
students sent 56% of their endowment in the Private Property Trust Game and left 67%
of the endowment in the Common Property Trust Game. Koford (2003) found that Type
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X Bulgarian University students on average sent 63% of their endowment in the Private
Property Trust Game. I ﬁnd that rural Bulgarians send 45% of their endowment in the
Private Property Trust Game but only 33% of the endowment in the Common Property
Trust Game. However, the statistics in Table 4.1 show that a diﬀerence of means t−test
indicates this diﬀerence is not signiﬁcant at the 0.10 level (p = 0.156). In addition, the
distribution of Type X behavior does not appear to be diﬀerent in the two games (p = 0.197).
4.2. Models of Behavior. The preceding analysis examines the diﬀerences in trust
and reciprocity between the two treatments and compares those results to prior research.
In this section I investigate the causes of trust and reciprocity in the two treatments. First,
I explore the role of expectations, then I discuss the diﬀerences in trust and reciprocity
based upon diﬀerences in subject attributes.
4.2.1. Expectations. Many authors have argued that willingness to trust and risk preferences may be confounded in the Trust Game (Eckel and Wilson, 2004; Schechter, 2007;
Cardenas and Carpenter, 2008). To control for this possibility, I control for subjects expectations on the returns of their investment decision.
The problem in the ﬁrst stage of the game for Type X subjects is analogous to an
investment decision with two assets: a risk free asset with return rate of one and an asset
with an uncertain return rate. The subjects presumably compare the mean rate of return
and its variance in the two assets. To assess the expected rate of return and its variance in
the risky asset, Type X subjects were asked in a post experiment questionnaire (but before
learning their payments) how much they expected to receive in return for each leva they
sent (left) in the ﬁrst stage of the game and how conﬁdent they were in this assessment,
on a scale of one to ten.7 To determine how much Type X subjects were willing to invest
in the risky asset (i.e. how much they would leave (send) to the paired Type Y subject) I
control for these measures.
4.2.2. Treatment Eﬀects Controlling for Subject Attributes. Table 4.3 reports regressions of the amount sent (left) in the ﬁrst stage of the game on characteristics of Type X
7The mean rate of return in the certain asset is one and its variance is zero.
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subjects. Separate linear regression is performed for the Common Property Trust Game,
the Private Property Trust Game, and pooling the two games together. Results are also
divided according to whether the expectations variables are included or not. The reported
results use clustered standard errors for each experimental session and place ﬁxed eﬀects.

Table 4.3. Trust Regression Coeﬃcients
Common Property
Model 1
School
ln(Income)
Male
Age
DumFair Pos
DumTrust Pos

0.186***
(0.03)
0.339
(0.19)
1.215
(1.39)
0.048
(0.04)
0.587
(3.18)
0.315
(2.16)

Expect
Conﬁdence

Model 2
0.120
(0.13)
0.614
(0.42)
1.275
(1.80)
0.040
(0.03)
0.430
(3.15)
0.352
(2.50)
0.127
(1.02)
−0.477
(0.28)

Private Property
Model 1
0.298*
(0.12)
−0.290
(0.34)
3.109**
(0.88)
0.022
(0.03)
1.527
(1.17)
2.921**
(0.52)

Model 2
0.352*
(0.14)
−0.314
(0.18)
4.248***
(0.42)
0.039*
(0.01)
1.766
(1.13)
3.080*
(1.00)
1.060*
(0.41)
−0.017
(0.21)

Common Property
Constant
R–Squared
Adj. R–Squared
N

−3.236*
(1.26)

0.403
(3.97)

−0.625
(0.30)

−3.504
(1.54)

0.371
0.131
30

0.455
0.091
26

0.481
0.262
28

0.552
0.289
28

Pooled
Model 1
0.281**
(0.09)
−0.052
(0.23)
2.188**
(0.82)
0.026
(0.03)
0.256
(1.60)
1.777
(1.02)

Model 2

−1.677**
(0.50)
−1.257
(1.41)

0.247*
(0.11)
0.048
(0.26)
2.788**
(0.89)
0.013
(0.03)
0.390
(1.96)
1.925*
(1.01)
0.639
(0.37)
−0.202
(0.19)
−1.016**
(0.41)
−0.919
(2.76)

0.355
0.234
58

0.393
0.234
54

Notes: Place speciﬁc ﬁxed eﬀects included but not reported. Standard errors clustered on experiment
in parentheses, * p <0.10, ** p <0.05, *** p <0.01

Table 4.4 reports regression results of the amount Type Y subjects return on characteristics of Type Y subjects and the Type X decision in the ﬁrst stage of the game. Following Harvey (1976) I control for multiplicative heteroscedasticity in the following regression
model:
(6)

yi = β1 + xi βx + zi βz + σi εi ,
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where
σi2 = exp(γ1 + xi γx + ηi ).

(7)

Equation 6 models reciprocity as dependent on the amount that x sent (left) and a set of
control variables, z. Equation 7 models the variance of Type Y returns dependent on the ﬁrst
stage level of investment by the Type X subject. This is done to account for the fact that as
Type X investments increase there is a greater possible range of reciprocal behavior available
from Type Y subjects. This model is estimated via maximum likelihood, assuming ε and
η are normally distributed. These regressions also include place ﬁxed eﬀects and standard
errors clustered on experimental session. Separate regressions are again performed for the
Common Property Trust Game, the Private Property Trust Game, and pooling the two
games together.8
This further analysis is important because the measured treatment eﬀects might be because subjects are diﬀerent on important characteristics. Thus, here we include variables
that might alternatively explain the diﬀerences between the Common Property and Private Property Trust Game. Variables which measure years of schooling (School), income
(Income), gender (M ale), attitudes towards trust as measured by the World Values Survey
(WVS) questionnaire (Can most people be trusted?, Do they try to be fair?) are included
in the vector of variables z in Equation 6. These variables and their eﬀects on trust and
reciprocity are discussed further below. Regression results for trust and reciprocity are
reported in Tables 4.3 and 4.4 respectively.
4.2.3. Models of Trust. Table 4.3 shows results for two types of models measured across
treatments. Model 1 does not use the expected rate of return and the subjects conﬁdence
in this rate as a predictor of behavior and the Model 2 does. Controlling for other factors,
the most important predictor of trust appears to be the property rights treatment.
8Diﬀerent functional forms for the relationship between Type X and Type Y behavior were also estimated,

including quadratic, exponential, and levels of Type X trust, where x decisions were grouped into low
trusters, medium trusters, and high trusters. The result of increased returns based on increased Leva sent
(left) is robust to these functional forms. The quadratic equation appears to have the best ﬁt to the data.
The model which grouped Type X subjects did not appear to have any additional substantive explanatory
power. I continue with the linear model because the quadratic model had only slightly better ﬁt and the
linear model is much more intuitive to explain. These results are available from the author upon request.
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Table 4.4. Reciprocity Regression Coeﬃcients

β
X
School
ln(Income)
Male
Age
DumTrust Pos
DumFair Pos

Common
Property

Private
Property

0.996***
(0.20)
0.044
(0.15)
−1.787***
(0.26)
0.666
(1.20)
0.039
(0.06)
1.139***
(0.34)
1.000
(1.21)

0.760**
(0.32)
0.229
(0.32)
−0.507
(0.70)
4.108
(3.27)
−0.019
(0.06)
0.895
(2.03)
2.251
(1.54)

Common Property

Pooled 1

Pooled 2

1.049***
(0.18)
0.087
(0.24)
−0.720*
(0.40)
1.337
(1.44)
−0.006
(0.04)
1.230
(0.94)
2.133**
(0.96)
−1.981
(1.25)

0.973***
(0.26)
0.099
(0.24)
−0.741*
(0.41)
1.493
(1.54)
−0.002
(0.04)
1.182
(0.98)
2.063*
(1.09)
−2.308
(1.91)
0.154
(0.40)
4.751
(5.55)

Common Property × X
Constant
γ
X
Constant
Pseudo R–Squared
Log–Likelihood
N

8.942***
(1.77)

1.412
(8.07)

4.698
(5.52)

0.367***
(0.05)
0.375
(0.36)

0.099
(0.17)
2.164**
(0.87)

0.211***
(0.07)
1.698***
(0.39)

0.744
−66.556
30

0.569
−78.935
29

0.622
−158.028
59

0.196*
(0.10)
1.752***
(0.45)
0.638
−157.951
59

Pooled 3
1.211***
(0.11)

−1.905***
(0.74)

2.553***
(0.71)
0.180***
(0.05)
2.012***
(0.36)
0.548
−177.912
64

Notes: Place speciﬁc ﬁxed eﬀects included but not reported. Standard errors clustered on experiment
and consistent with multiplicative heteroscedasticity in parentheses, * p <0.10, ** p <0.05, *** p <0.01.

The eﬀect of expectations is most pronounced in the Private Property Trust Game.
Schechter (2007) found that once controlling for risk, female subjects were no less trusting
than male subjects. Here, however, I ﬁnd that after controlling for expectations of return
female subjects are even less trusting than male subjects. The fact that female subjects are
less trusting than male subjects might be explained by the treatment of women in Bulgaria.
Since play is anonymous, women do not know the characteristics, including gender, of
their paired subject and might be less willing to engage in trust because, on average, past
experiences of risking trust was unreciprocated. In the pooled estimation, for example, I
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ﬁnd that male subjects send (leave) more than 2 leva than female subjects, holding all else
constant (p < 0.05). Schooling appears to have a positive eﬀect on willingness to trust. The
marginal eﬀect of an additional year of school is more than 0.02 leva as measured in the
pooled models (p < 0.10).
In addition, following Cox et al. (2009) I estimate the eﬀects of the World Value Survey
questions: “Generally speaking, would you say that most people can be trusted or that
you can’t be too careful dealing with people?” and “Do you think that most people would
take advantage of you if they got a chance or would they try to be fair?” A dummy
variable is formed indicating if subjects answer positively to each question (DumTrust Pos
and DumFair Pos). If these questions are highly correlated with behavior in the trust
game then one might be able to more easily collect data on trust without going through a
more expensive task of conducting these experiments. In the pooled model 2, controlling
for expectations, I ﬁnd that those who think most people can be trusted send almost two
more leva than those that do not believe this or are not certain. Previous research by
Glaeser et al. (2000) ﬁnds that the WVS question has no correlation with Type X behavior.
However, both Cox et al. (2009) and Sapienza, Simats and Zingales (2007) ﬁnd that the
WVS question is correlated with Type X behavior.
The eﬀects of the remaining variables, at least in the pooled model, are not statistically
diﬀerent from zero. Perhaps surprisingly the eﬀect of age is not a good predictor of trust.
Bahry and Wilson (2004) ﬁnd an important relationship between age and trust with middleaged respondents being the most trusting and the most likely to expect reciprocity. Younger
and older cohorts, in contrast, are less trusting.9 In addition Koford (2003) found that
(young) Bulgarian university students have very high trust levels. In our experiments
younger Bulgarians were randomly assigned to others of all ages and this appears to erode
the trust found by Koford (2003), leading one to conclude that university students may
have high specialized trust (i.e. they trust others of a similar socio-economic group), but

9Similar eﬀorts to use higher order polynomials and grouping age into cohorts were tried in all models

presented. However, in none of these models were the eﬀects of age signiﬁcant predictors of either trusting
behavior or reciprocity.
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low general trust (i.e. they are less likely to trust an average person they come in contact
with).
4.2.4. Models of Reciprocity. Five model estimates are reported in Table 4.4. Each
model reports estimates for the multiplicative heteroscedasticity consistent standard errors
as describe in Equation 7. The ﬁrst part of the reported estimation results, under the β
parameter heading, indicates the eﬀects of the indicated variable on Type Y behavior. The
second part of the reported estimation results, under the γ parameter heading, indicates
the eﬀects of x and a constant on model heteroscedasticity. The ﬁrst two models of Table
4.4 report results for the Common Property and Private Property games measured independently of each other and the ﬁnal three models pool the data from these two treatments:
the ﬁrst pooled model includes a dummy variable for the Common Property treatment; the
second pooled model includes this dummy variable and also an interaction of the Common
Property treatment with the amount sent by the paired Type X subject; ﬁnally, the ﬁnal pooled model includes the Common Property treatment dummy variable but does not
include the other explanatory variables.
In four of the ﬁve models the stage one behavior of the paired Type X subject signiﬁcantly predicts the heteroscedasticity of the error term; as Type X subjects send more,
Type Y subjects have a wider variance in their reciprocal behavior. Pseudo R–Squared measures reported in Table 4.4 are calculated as the correlation between the predicted amount
returned by Type Y subjects and the actual amount returned by Type Y subjects.
The dominant eﬀect in the decision to reciprocate is the amount sent (left) by the
partnered Type X subject. Controlling for all other characteristics, Type Y subjects return,
on average, about one leva for each leva left to them by the paired Type X subject in the
Common Property Trust Game. In the Private Property Trust Game, Type Y subjects
return on average, only 0.76 for each leva sent to them. Estimation results from pooled
model 2 indicate that there is not compelling evidence that the return rate is signiﬁcantly
diﬀerent across treatments.
The treatment eﬀect of common property must be carefully assessed in these models.
In the Common Property trust game, when not controlling for other variables as in pooled
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model 3, it appears that the those in the Common Property treatment return almost two
leva less than those in the Private Property treatment; however, while the magnitude of the
treatment eﬀect is comparable when adding the controls as in models 1 and 2, the result
has a large standard error. Still, since Type X subjects cannot condition their behavior on
the characteristics of Type Y, they can expect to receive back, on average, about two fewer
leva than those in the Private Property treatment.
Equations 8 and 9 report estimation results when separating treatments and using multiplicative heteroscedasticity consistent standard errors clustered on experimental session.
Here it is quite apparent that the rate of return across treatments is almost identical. In
both instances, the rate of return is greater than zero, but not signiﬁcantly greater than
one at even the 0.10 level.10
(8)

Common P roperty : y =

0.749

+

(0.52)

(9)

P rivate P roperty : y =

2.767
(0.10)

1.139

x

(0.10)

+

1.142

x

(0.23)

Income has a consistent negative eﬀect in the models of reciprocity. An additional one
percent increase in monthly income decreases the amount reciprocated by about 1.8 leva in
the Common Property Trust Game (p < 0.01) and 0.5 leva in the Private Property Trust
Game (p = 0.47). The fairness WVS question appears to predict behavior of the Type Y
subject similar to other studies (Cardenas and Carpenter, 2008). Subjects who indicated
that most people try to be fair returned more than two leva than those who did not think
so or were uncertain as measured in the pooled models. The remaining variables do not
appear to be good predictors of reciprocity.

10When not correcting for multiplicative heteroscedasticity, the return rate in the Common Property treat-

ment is 1.54 (with a standard error of 0.21). However, introducing multiplicative heteroscedasticity reduces
the standard error of this estimate by a factor of more than two. While mean returns are higher in the
Common Property treatment when Type X subjects leave more, there is much more variance in Type Y
behavior. Once accounting for this variance, rates of return appear to be approximately equivalent across
treatments.
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5. Discussion
Perhaps the most interesting result from the preceding analysis is that levels of trust and
reciprocity in the common property setting are particularly low. This might be explained by
the cultural, economic, and political transitional processes in Bulgaria. Anecdotal evidence
suggests that generalized trust may have been high in Bulgaria before communism, but then
was eroded by the external shock of universal institutional change during the communist
regime (Theesfeld and Boevsky, 2005). In the communist period generalized trust was quite
low. The transition phase provided an opportunity to increase generalized trust through
large scale reform, reversing the perils of communism. However, economic and political
transition actually decreased trust, especially in common property settings.
It is helpful to discuss these results in the context of a well-studied aspect of common
property arrangements in Bulgaria. Bulgaria has a long history of locally managed collective
agriculture (Hanisch, 2003; Theesfeld and Boevsky, 2005). However, during communism
collective farms were overtaken by the state with most management goals given externally.
This top down approach to “collective” agriculture replaced norms of cooperation with fear
of external punishment if production quotas went unmet (Theesfeld and Boevsky, 2005).
Collective farms were never very eﬃcient under communism, but functioned under the
premise of fear.
In transition, eﬀorts to destroy the top down approach of communist collectives with
private property and incentives for cooperation were unsuccessful. Hanisch (2003) describes
how collective farms were privatized in post communist Bulgaria. A central committee was
in charge of assigning farm assets to members of the collective. In many instances farmers
received livestock or machinery; however, they often had no ability to utilize these assets.
For example, a farmer might receive a cow but no land and hence no ability to feed the cow.
Naturally, these types of assets were quickly liquidated. Slaughterhouses were full and the
price of beef plummeted, causing the value of collective assets to fall. Thus, many formerly
collective farmers could not convert private assets to common assets by participating in
cooperatives as they took longer to reorganize. In addition, the privatization process was
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often grossly unequitable in distributing common assets to collective members resulting
in jealousy and conﬂict. Many unsuccessful eﬀorts have been advanced to reconstruct
the former cooperatives because of their pre-communist success, but farmers have yet to
reestablish norms of cooperation necessary to their functioning.
Theesfeld (2004, p.268) interviewed a large number of irrigators in places that have tried
to reinvigorate collective agriculture and received two telling responses when asking them,
“If you hear the words ‘collective action,’ do you have spontaneously positive or negative
feelings? Why?” Two answers are particulary telling in relation to this paper:
• “I want to work 100% individually; I am sick of cooperatives and collective working;
I want to be responsible for myself; at the moment it is better to work alone; I am
not interested in what other people do; I only care about how my own things are
doing.”
• “You cannot trust anybody; people are behaving like animals; there is no trust
in collaboration; people have been lied to from all sides over the last 10 years;
collective leaders only want to gain proﬁt and make themselves rich.”
Two important lessons can be gleaned from these answers. First, Bulgarians appear to
have preferences to work under private property arrangements and when put in a position
to participate in common property institutions do not trust that others will be cooperative.
Second, actions of leaders appear to have a negative eﬀect on how Bulgarians perceive
collective endeavors.
The overall results indicate that in a society like Bulgaria informal institutions may
not make common property arrangements feasible. Here, Alchian and Demsetz (1973)
have correctly predicted that common property institutions, controlling for other possible
explanations, fundamentally decrease cooperation. It is clear that Bulgarians appear to be
far less trusting when dealing with common property rights than private property rights.
This paper adds to the growing body of experiments conducted in developing countries.
There is great variation in behavior across diﬀerent societies in the standard trust game
(Cardenas and Carpenter, 2008). While Bulgarians appear less cooperative in common
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property settings, other societies might behave quite diﬀerently. More research needs to
be devoted to assess how common property endowments eﬀect behavior among diﬀerent
societies, especially where such institutions are prevalent.

4. THE TRUST GAME IN BULGARIA

Appendix
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Instructions
No Talking Allowed
Now that the experiment has begun, we ask that you do not talk. If you have a question after we finish
reading the instructions, please raise your hand and the experimenter will approach you and answer your
question in private.
Two Types
The participants in today’s experiment will be randomly divided into two types, referred to as Type X and
Type Y.
Random Pairing and Anonymity
Each person of Type X will be randomly paired with a person of Type Y. No one will learn the identity of the
person with whom he/she is paired. As discussed below, Type X persons will make their decisions
anonymously in one room, and Type Y persons in another room.
Starting Balances
Each person in a pair of decision-makers will be given a starting token fund of 10 tokens. The 10 tokens have
a starting value of one leva each, for a total value of 10 leva.
The Type X Decision Task
Each person of Type X will decide whether or not to send any of his/her tokens to the paired person of Type
Y. Each token that a Type X person sends reduces the value of his/her token fund by 1 leva but increases the
value of the token fund of the paired Type Y person by 3 leva. A Type X person cannot send more than his
initial 10 token starting balance. Four examples illustrate how the values of the tokens that may be sent by
Type X are related to the value of the Type Y token fund.
•
•
•
•

If the Type X person sends 0 tokens, that reduces the value of his/her fund by 0 leva and adds 0 leva
to the value of the fund held by the paired Type Y person.
If the Type X person sends 1 token, that reduces the value of his/her fund by 1 leva and adds 3 leva to
the value of the fund held by the paired Type Y person.
If the Type X person sends 5 tokens, that reduces the value of his/her fund by 5 leva and adds 15 leva
to the value of the fund held by the paired Type Y person.
If the Type X person sends 10 tokens, that reduces the value of his/her fund by 10 leva and adds 30
leva to the value of the fund held by the paired Type Y person.

The Type Y Decision Task
After the Type X person in a pair makes his/her decision, the Type Y person in that pair makes his/her
decision. The Type Y person’s decision is to divide the value of the token fund he/she holds between his/her
self and the paired person of Type X. That is, the Type Y person decides how much of the fund to keep for
his/her self and how much to send back to the Type X person.

IG
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Procedures
1. Each participant will now complete the experiment comprehension survey. If you have any questions,
please ask an experimenter and we will approach you privately to help.
2. Each participant will draw a sealed envelope from the box. That envelope will contain a piece of paper
marked with the participant’s Type (X or Y).
3. All Type X decision makers will remain in this room to make their decisions. All Type Y decision makers
will move to another room to make their decisions.
4. An experimenter will walk through the Type X room carrying a box containing large manila envelopes.
Each Type X person can take any one of the envelopes from the box. Each envelope has a decision form with
an identifying letter written on the Type X ID line on the form.
5. Each Type X person writes his/her decision on the decision form and then puts the form back inside the
manila envelope. Each Type X person puts his/her manila envelope containing the decision form back in the
box on the table at the front of the room and picks up a questionnaire to fill out.
6. An experimenter takes the box containing the manila envelopes with the decisions of the Type X persons to
the Type Y room. Each Type Y person can take any one of the envelopes from the box.
7. Each Type Y person writes his/her decision on the decision form and then puts the form back inside the
manila envelope. Each Type Y person puts his/her manila envelope containing the decision form back in the
box on the table at the front of the room and picks up a questionnaire to fill out.
8. An experimenter takes the box containing the manila envelopes to another room and removes the decision
forms from the envelopes. The decisions marked on the forms determine how much each person gets paid.
9. In the Type X room, the experimenter calls for each Type X person to come receive payment one at a time.
Each person will receive an envelope with their payment. Each envelope will also include the 5 leva show up
fee.
10. In the Type Y room, the experimenter calls for each Type Y person to come receive payment one at a time.
Each person will receive an envelope with their payment. Each envelope will also include the 5 leva show up
fee.
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Instructions
No Talking Allowed
Now that the experiment has begun, we ask that you do not talk. If you have a question after we finish
reading the instructions, please raise your hand and the experimenter will approach you and answer your
question in private.
Two Types
The participants in today’s experiment will be randomly divided into two types, referred to as Type X and
Type Y.
Random Pairing and Anonymity
Each person of Type X will be randomly paired with a person of Type Y. No one will learn the identity of the
person with whom he/she is paired. As discussed below, Type X persons will make their decisions
anonymously in one room, and Type Y persons in another room.
Starting Balances
Each pair of decision-makers will be given a starting balance of 40 tokens in their decision fund. The 40
tokens have a starting value of one leva each, for a total value of 40 leva.
The Type X Decision Task
Each person in Type X will decide whether or not to withdraw tokens from the decision fund. Each token that
a Type X person withdraws has a value to that person of 1 leva. Each token withdrawn reduces the value of
the decision fund by 3 leva. A Type X person cannot withdraw more than 10 leva. Four examples illustrate
how the values of the tokens remaining in the decision fund are related to the values of the tokens that may be
withdrawn:
•
•
•
•

If the Type X person removes 0 tokens, that adds 0 leva to his/her earnings and does not change the
value of tokens remaining in the fund.
If the Type X person removes 1 token, that adds 1 leva to his/her earnings and reduces the value of
tokens remaining in the fund by 3 leva.
If the Type X person removes 5 tokens, that adds 5 leva to his/her earnings and reduces the value of
tokens remaining in the fund by 15 leva.
If the Type X person removes 10 tokens, that adds 10 leva to his/her earnings and reduces the value of
tokens remaining in the fund by 30 leva.

The Type Y Decision Task
After the Type X person in a pair makes his/her decision, the Type Y person in that pair makes his/her
decision. The Type Y person’s decision is to divide between his/her self and the paired person of Type X the
value of the tokens remaining in the fund after the Type X person’s withdrawal decision. That is, the Type Y
person decides how much of the remaining value of the fund to keep for his/her self and how much to send to
the Type X person.
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2
Procedures
1. Each participant will now complete the experiment comprehension survey. If you have any questions,
please ask an experimenter and we will approach you privately to help.
2. Each participant will draw a sealed envelope from the box. That envelope will contain a piece of paper
marked with the participant’s Type (X or Y).
3. All Type X decision makers will remain in this room to make their decisions. All Type Y decision makers
will move to another room to make their decisions.
4. An experimenter will walk through the Type X room carrying a box containing large manila envelopes.
Each Type X person can take any one of the envelopes from the box. Each envelope has a decision form with
an identifying letter written on the Type X ID line on the form.
5. Each Type X person writes his/her decision on the decision form and then puts the form back inside the
manila envelope. Each Type X person puts his/her manila envelope containing the decision form back in the
box on the table at the front of the room and picks up a questionnaire to fill out.
6. An experimenter takes the box containing the manila envelopes with the decisions of the Type X persons to
the Type Y room. Each Type Y person can take any one of the envelopes from the box.
7. Each Type Y person writes his/her decision on the decision form and then puts the form back inside the
manila envelope. Each Type Y person puts his/her manila envelope containing the decision form back in the
box on the table at the front of the room and picks up a questionnaire to fill out.
8. An experimenter takes the box containing the manila envelopes to another room and removes the decision
forms from the envelopes. The decisions marked on the forms determine how much each person gets paid.
9. In the Type X room, the experimenter calls for each Type X person to come receive payment one at a time.
Each person will receive an envelope with their payment. Each envelope will also include the 5 leva show up
fee.
10. In the Type Y room, the experimenter calls for each Type Y person to come receive payment one at a time.
Each person will receive an envelope with their payment. Each envelope will also include the 5 leva show up
fee.
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Experiment Comprehension Survey
Please consider the following scenarios. These scenarios have been randomly chosen and
have no bearing on the outcome of the actual decisions you will make today. Please answer
these questions by filling in the blank space provided. We give you an example to start. If
you are confused, please ask an experimenter for clarification. DO NOT INCLUDE THE 5
LEVA SHOW UP FEE IN YOUR ANSWERS.

Example:
Suppose a Type X person decides to send 2 of his/her 10 tokens to a Type Y person,
keeping the remaining 8 tokens. The Type Y person then decides to send 2 leva back.
The Type X person retains the 8 leva remaining from the initial 10 tokens. The Type X person
also receives 2 tokens from the Type Y person. The total payment received by the Type X person
is:
10 leva
The Type Y person retains their initial 10 leva. The Type Y person also receives 2 tokens from
the Type X person. These tokens are tripled in value giving the Type Y person 6 more leva. The
Type Y person now has 16 leva and decides to send 2 tokens back to the Type X person. The
total payment received by the Type Y person is:
14 leva
1. Suppose a Type X person decides to send 4 of his/her 10 tokens to a Type Y person,
keeping the remaining 6 tokens. The Type Y person then decides to send 6 leva back.
The total payment received by Type X is: _______
The total payment received by Type Y is: _______
2. Suppose a Type X person decides to send 8 of his/her 10 tokens to a Type Y person,
keeping the remaining 2 tokens. The Type Y person then decides to send 0 leva back.
The total payment received by Type X is: _______
The total payment received by Type Y is: _______
3. Suppose a Type X person decides to send 0 of his/her 10 tokens to a Type Y person,
keeping all 10 tokens. The Type Y person then decides to send 2 leva back.
The total payment received by Type X is: _______
The total payment received by Type Y is: _______
IG
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Experiment Comprehension Survey
Please consider the following scenarios. These scenarios have been randomly chosen and
have no bearing on the outcome of the actual decisions you will make today. Please answer
these questions by filling in the blank space provided. We give you an example to start. If
you are confused, please ask an experimenter for clarification. DO NOT INCLUDE THE 5
LEVA SHOW UP FEE IN YOUR ANSWERS.

Example:
Suppose a Type X person decides to take 8 tokens from the joint decision fund, leaving
16 leva for the Type Y person. The Type Y person then decides to send 2 leva back.
The Type X person retains the 8 leva from the joint decision fund. The Type X person also
receives 2 leva from the Type Y person. The total payment received by the Type X person is:
10 leva
The Type X decision to remove 8 tokens valued at 3 leva each reduces the value of the joint
decision fund by 24. The Type Y person retains the remaining 16 tokens left by the Type X
person in the joint decision fund. The Type Y person then decides to send 2 leva back to the
Type X person. The total payment received by the Type Y person is:
14 leva
1. Suppose a Type X person decides to take 4 tokens from the joint decision fund, leaving
28 leva for the Type Y person. The Type Y person then decides to send 6 leva back.
The total payment received by Type X is: _______
The total payment received by Type Y is: _______
2. Suppose a Type X person decides to take 8 tokens from the joint decision fund, leaving
16 leva for the Type Y person. The Type Y person then decides to send 0 leva back.
The total payment received by Type X is: _______
The total payment received by Type Y is: _______
3. Suppose a Type X person decides to take 0 tokens from the joint decision fund, leaving
40 leva for the Type Y person. The Type Y person then decides to send 2 leva back.
The total payment received by Type X is: _______
The total payment received by Type Y is: _______
INV-IG

CHAPTER 5

Conclusion
1. Contributions of the Dissertation
I divide the contributions of this dissertation into three basic categories. First, I review
the substantive contributions to common-pool resource theory presented in Chapters 2, 3,
4. Second, I explain methodological contributions from these chapters, in terms of the analysis at multiple levels. Finally, I explore advantages to using the multiple methodological
approaches from the diﬀerent chapters. Each of these contributions is addressed below.
1.1. Common-pool Resource Theory. In this section I will brieﬂy review some of
the more important contributions from Chapters 2, 3, and 4. The reader is referred to those
chapters for details on the ﬁndings.
1.1.1. Monitoring and Sanctioning. In Chapter 2 I investigated the eﬀects of user group
monitoring and sanctioning on forest outcomes. Some previous research investigated this
issue (Ostrom and Nagendra, 2006; Pagdee et al., 2006). I was able improve on those
important contributions by extending the analysis to include biological outcome assessments
and control for potentially confounding variables. I showed that user group monitoring
and sanctioning is highly correlated with sustainable forest use. That is, I showed that
communities with user groups that monitor and sanction are more likely to sustain tree
basal area and species diversity than forests without such groups, even after controlling for
a number of alternative explanations.
Linking variation in forest institutions with variation in forest outcomes is only possible
if multiple institutional arrangements are analyzed. One of the unique aspects of Chapter
2 is that I was able to compare outcomes across forest sites in six diﬀerent countries, which
had quite diﬀerent institutional arrangements. After categorizing the institutions, I was
able to assess how certain institutions correlate with speciﬁc forest outcomes. This sort
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of comparison across diﬀerent forests has proved to be quite diﬃcult in community-based
forestry research. The unique over-time characteristics of IFRI data, however, allowed me
to investigate some of these issues.
This chapter begins to ﬁll a large research gap. Donoghue and Sturtevant (2008, p.36)
argue that research on community-based forestry has, “not, for the most part, been able to
address causal links between forest policy and community change.” The authors argue that
including community members and managers in the research process, narrowing research
questions, and looking at the eﬀects of policies over time will allow researchers to better
understand and unpack the eﬀects of forest policy. In this chapter I have been able to
address all three of the links proposed by the authors. First, I considered the management
objectives in the forests when doing the analysis. Second, I looked at a narrow set of outcome
variables (indicators of deforestation). Third I assessed how these outcomes changed over
time. In addition, because I studied multiple forests I was able to investigate variations
in policies and how these correlate to variations in the outcomes. I believe this chapter
presents a unique and important contribution to the study of community-based forestry,
and common-pool resource research more generally, precisely by ﬁlling these gaps.
1.1.2. When does Monitoring and Sanctioning Emerge? In Chapter 3 my coauthor and
I were able to look at a number of forests to assess when monitoring and sanctioning
institutions emerge, both from user groups and from external government agencies. We
found that when communities are the residual claimant of the forest (i.e. when communities
retain all residual rights not speciﬁed to other claimants) they are much more likely to
engage in monitoring and sanctioning activities, but the same does not hold true for external
governments. When an external government is a residual claimant they are not more likely
to invest resources to monitor and sanction forest users. In addition, we found that if user
groups have rights to harvest timber from the forest, they are much more likely to invest in
monitoring and sanctioning.
Despite the plethora of research showing that monitoring and sanctioning is an eﬀective
tool in CPR management, little previous research had investigated why some communities
engage in such activities while others did not. Elster (1989, p.40-41) argues that monitoring
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and sanctioning is inconsistent with norm-free rational choice theory. According to conventional theories of collective action, it is very surprising that any monitoring or sanctioning
happens at all. Analysts in the ﬁeld, however, often observe users of CPRs monitoring and
sanctioning one another (Ostrom, 1990). While some scholars initially doubted this ﬁnding,
such activity has been shown repeatedly to occur both in ﬁeld settings and in laboratory
experiments (Coleman and Ostrom, Forthcoming). Monitoring and sanctioning has now
become the dominant mechanism analysts use to explain social cohesion to group rules and
the evolution of cooperation in general (Boyd, 2006).
While analysts now readily acknowledge the eﬃcacy and prevalence of monitoring and
sanctioning in many societies, there seems to be a lack of explanation about why societies
sometimes engage in such activities and yet sometimes fail. With IFRI data we were able
to ﬁll this research gap speciﬁcally as it relates to monitoring and sanctioning activities in
community-based forestry. It is certainly not a sure thing that communities will engage
in these activities and as explained in Chapter 3, we provide insight as to under what
circumstances monitoring and sanctioning is likely to emerge, including the eﬀects of residual
claimancy, NGO involvement, and user group harvesting rights. If these circumstances can
be replicated it is possible that monitoring and sanctioning might emerge at sites that
currently do not engage in such activities.
1.1.3. How does Common Property Aﬀect Trust? While many analysts have argued for
the central roles of interpersonal trust to overcome collective action dilemmas (Rothstein,
2005; Poteete, Jannsen and Ostrom, 2009), little research has shown how the institutional
context aﬀects trust. Recently, Cox et al. (2009) showed that in common property environments, U.S. students are marginally more likely to engage in trusting behavior. In Chapter
4 I showed how Bulgarians are much less likely to trust in common property situations.
Henrich et al. (2004) have argued forcibly that there is much variation in social behavior
across societies. Camerer (2003) has identiﬁed the investigation of this variation as an
important research program advancing experimental economics.
Common property institutions may induce cooperation among U.S. students, but they
appear to erode cooperation among Bulgarians. This was my ex ante expectation in these
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experiments, because of the unique social history of the Bulgarian subjects (see next section). In Chapter 4 I was able to conﬁrm the expectation that in some societies, citizens
“will convert the resources owned under communal arrangements into resources owned privately (Alchian and Demsetz, 1973, p.22).” While common property arrangements may
actually increase trust and cooperation in some societies, they may decrease it in others.
Such is the case for Bulgaria.

1.2. Building Context into the Analysis. In Chapters 2, 3, and 4, the analysis
incorporated both the decisions made by individuals or groups of individuals, but also explored how the broader social and environmental context aﬀected those decisions. In the
experiments conducted in Bulgaria, much reference was made to a particular social history of participants in those games. In Chapters 2 and 3, reference was made to economic
conditions, national governance, NGO involvement, and the relationships between community governance arrangements and national governance. Each of these contextual factors is
discussed below.
1.2.1. Social History. In general, former communist countries have very low levels of
trust (Gibson, 2001; Lovell, 2001; Kornai, Rothstein and Rose-Ackerman, 2004; Bahry and
Wilson, 2006; Sapsford and Abbott, 2006; Shlapentokh, 2006). While the levels of trust in
Bulgaria are lower than those measured in the U.S. (although see Koford, 2003), I expected
even lower levels of trust when subjects are in common property environments. This is
because of a unique social history in Bulgaria.
Rothstein (2005) argues that individual decisions to trust are in part determined by
how trustworthy one thinks others in society are and in part by how trustworthy one views
local public oﬃcials. In Bulgaria, I argue that individuals and local public oﬃcials are seen
as being even less trustworthy in common property situations than in private transactions.
For example, in the agricultural sector during communism traditional cooperatives were
dissolved in Bulgaria and replaced with state-administered cooperatives (Hanisch, 2003).
Leaders of the cooperatives were not locally appointed nor were they locally accountable.
There is substantial anecdotal evidence of corruption among oﬃcials in this system. Rather
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than trust being the driving force for cooperation, as before, fear of punishment drove others
to act “cooperatively” in these environments.
Similarly, forest cooperatives were abandoned during the communist transition. The
state eventually transferred oﬃcial ownership of all forest land back to itself. This land
was then redistributed to regional elites who managed the land at their leisure. While
data is sparse, Table 5.1 shows that forest cooperatives were gradually phased out by 1948.
Theesfeld and Boevsky (2005) argue that almost all cooperative institutions in Bulgaria
were destroyed by the communist regime.

Table 5.1. Forest Cooperatives in Bulgaria
Number of
Village
City
Number of
Year Cooperatives Cooperatives Cooperatives Members
1939
120
81
1940
123
84
1945
35
35
1946
35
1947
34
1948
0
Source: Statistical Yearbooks of Bulgaria

39
39
0

5963
6335

1940-1948

Because traditional cooperative institutions were destroyed, communist leadership was
corrupt, and the only motivation for cooperation was fear, Bulgarians began to have low
generalized trust in common property settings. Even today, anything seen as “cooperative”,
“communal”, or “common” seems to be associated with the communist regime and this
failed state of aﬀairs.
During the transition from communism to a market economy and an open polity, however, the situation did not improve. Theesfeld and Boevsky (2005) describe a World Bank
program which used pre-communist irrigation cooperatives as an infrastructure for a new
irrigation project. Because the traditional institutions had been eroded by the communist
regime, and there was subsequently little interpersonal trust, the project failed. Theesfeld
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(2004) described irrigation projects from around the country where maintenance was nonexistent and there was massive theft of irrigation equipment. The reasons cited for such behavior mirror the arguments of Rothstein (2005): irrigators did not trust each other and
they did not trust the irrigation cooperative leadership.
Mistrust in common property institutions goes beyond agriculture and forest cooperatives. There is widespread distrust in public oﬃcials because of a great deal of corruption
in the state bureaucracies of the post-communist regimes (Holmes, 2006).1 Privatization in
the transition process from communism to a market economy provides a good example of
the corruption of public oﬃcials in charge of common assets.
Ganev (2007, p.49) provides evidence that the state gave a single agency the authority
to “release resources, materials, and foods from the state reserve” in 1990. After this decree
the state reserve was depleted of “oil, metals, grain, and food-everything was exported
abroad by shady trading companies aﬃliated with [state] leaders.” In addition, military
resources were also transferred to private ﬁrms. A particularly interesting case of corruption
involves the privatization of state trucks (Ganev, 2007, p.50-1).
Almost every facet of state privatization was corrupt. Citizens observe this corruption
and realize that common resources are bound to be pillaged. While there are low levels
of trust in private resources in Bulgaria, such corruption may lessen trust even more in
resources for which ownership is collective because the public corruption is exposed in
the media. This helps explain the extremely low levels of trust in the CPR Trust Game
as compared to the PPR Trust Game in Chapter 4. Analysts and policymakers need
to carefully consider the unique social histories of places before recommending panacea
solutions (Ostrom, Janssen and Anderies, 2007). In Bulgaria, polices that transfer property
rights to common property settings, such as the irrigation cooperatives investigated by
Theesfeld (2004), Theesfeld (2005), and (Theesfeld and Boevsky, 2005), are probably not
likely to be eﬀective in the near future.
1.2.2. Higher Order Institutions. Another important contextual factor is the broader
institutional environment. In Chapters 2 and 3 I explicitly linked information about user
1Speciﬁcally, high levels of corruption exist in the court system and among customs oﬃcials (Holmes, 2006).
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groups (e.g. their monitoring eﬀorts), with information about the forests within which
they operated (e.g. the size of the forest), with information about relevant NGOs, the
broader economic environment (e.g. GDP), and state-level governance of property rights.
In addition, interaction between state level and group level variables were also included.
For example, in both Chapters 2 and 3 the rights given to user groups to harvest from the
forest was found to be an important determinant of the propensity of the user group to
monitor the forest and the overall species diversity of trees in the forest.
Ostrom (1990, 2005) has argued that the connections between diﬀerent levels of analysis
are essential to understand outcomes at any given level. In any socio-ecological system there
are a variety of institutions used to govern diﬀerent aspects of the system. When considering
environmental management problems, an essential condition for eﬀective management is the
need to scale management practices to the attributes of the resource. Many scholars now
advocate ecosystem based management-that the ﬁt of the management scheme properly
match the characteristics of the resource system (Lipschutz, 1999; Young, 2002).
Environmental management regimes often do not ﬁt the geophysical or institutional
properties of the ecosystem, however (Young 2002). For example, the earth’s climate system
requires procedures for information gathering, processing and disseminating to all relevant
actors at multiple levels (Young, 2002). Misﬁt occurs when jurisdictional externalities impose costs or beneﬁts on units that do not participate in environmental management (Howe,
2002).
Simon (1981) has suggested that evolutionarily stable systems (i.e. those that survive
over time and are able to adapt to changing environments and conditions) have hierarchally
built subsystems. For example, a heart might be considered a subsystem of the cardiovascular system. Blood cells might be another subsystem within that system. Neither the heart
alone, nor the blood cells constitute the cardiovascular system in humans. This leveling of
subsystems, however, allows for experimentation and adaptation at diﬀerent levels without
compromising the integrity of the system as a whole. Experimentation at diﬀerent levels of
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the hierarchy is possible without compromising the entire system. Simon argues that without this hierarchy, systems cannot adapt to environmental, social, political, and economic
changes and thus will not survive.
Stability of the system is compromised when there is a lack of redundancy among subsystems. Low et al. (2003) argue that scholars and policymakers often overlook redundant
subsystems because they seem wasteful and ineﬃcient. In our example of the cardiovascular
system, if there were only one blood cell, if that blood cell failed the whole system would
crash. Having many blood cells that perform the exact same function, however, is seen as a
natural prerequisite for a stable cardiovascular system. Similarly, states in the U.S. federal
system perform many of the same functions. This redundancy, however, helps to ensure
that if one state government fails the system as a whole is not jeopardized.
One principle to be gleaned from the evolutionary stability of systems is that redundancy
should be sought out on levels that are more volatile when faced with external pressures, and
specialization is desirable where the beneﬁts of specializing on a particular level outweigh
the potential costs of a subsystem failure.2 This “polycentricity” of production has been
examined in multiple contexts.3
2For more discussion on the costs and beneﬁts of redundancy in organizational design see Van Neumann

(1956), Landau (1969), and Low et al. (2003).
3Scholars at Indiana University’s Workshop in Political Theory and Policy Analysis have contributed many

volumes to this line of inquiry. See McGinnis (1999) for example. Ostrom (2001) summarizes the beneﬁts
of polycentric environmental governance:
“Polycentric governance systems are frequently criticized for being too complex, redundant, and lacking a central direction when viewed from a static, simple-systems perspective. They have considerable strengths when viewed from a dynamic, complex-systems
perspective, particularly one that is concerned with the vulnerability of governance systems to external shocks. Polycentric systems are the organization of small-, medium-,
and large-scale democratic units that each may exercise considerable independence to
make and enforce rules within a circumscribed scope of authority for a speciﬁed geographical area. Some units may be general-purpose governments whereas others may
be highly specialized. Self-organized resource governance systems within a polycentric
system may be organized as special districts, non-governmental organizations, or parts
of local governments. These are nested in several levels of general-purpose governments
that provide civil equity as well as criminal courts. The smallest units can be viewed as
parallel adaptive systems that are nested within ever-larger units that are themselves
parallel adaptive systems.
“The strength of polycentric governance systems in coping with complex, dynamic biophysical systems is that each of the subunits has considerable autonomy to experiment
with diverse rules for using a particular type of resource system and with diﬀerent response capabilities to external shock. In experimenting with rule combinations within
the smaller-scale units of a polycentric system, citizens and oﬃcials have access to local
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Because of the advantages to having multiple-layered polycentric systems, analysts
should seek to embrace the complexity of those systems rather than try and artiﬁcially
simplify the process and look at a single decision node within the system. My analysis in
chapters 2 and 3 show how changes in the physical environment or changes in variables at
various levels of the socio-ecological system may aﬀect the probability of monitoring and
sanctioning and sustainable forest use at the lowest levels of analysis.
For example, in Chapter 3 we explicitly examine the trade-oﬀs of user group and government monitoring and sanctioning. We ﬁnd that the behavior at one level aﬀects the
behavior of the other; speciﬁcally, user group monitoring and sanctioning appear to substitute for external government monitoring and sanctioning. That is, if an external government
fails to engage in these activities a local user group is more likely to monitor and sanction.
Note that this is not a statement that user groups should do this, but that this is what
they actually do. In fact, systems theory may indicate that having two independent groups
engaging in monitoring and sanctioning is more resilient than a single organization doing
so.
1.3. Multiple Methods. In a recent book Poteete, Jannsen and Ostrom (2009, ch.10)
have argued that analysts should you multiple methodological approaches to analyze collective action. There are many beneﬁts to doing so, some of which are listed and discussed
below in terms of the contributions of the dissertation.
1.3.1. No Single Method. Researchers often become committed to certain methods of
investigation to understand human behavior. However, if results can be replicated across
a variety of methods then we should have more conﬁdence in those conclusions (Coleman
and Ostrom, Forthcoming). If this is the case, then multiple methods need to be utilized
knowledge, obtain rapid feedback from their own policy changes, and can learn from the
experience of other parallel units. Instead of being a major detriment to system performance, redundancy builds in considerable capabilities. If there is only one governance
unit for a very large geographic area, the failure of that unit to respond adequately
to external threats may mean a very large disaster for the entire system. If there are
multiple governance units, organized at diﬀerent levels for the same geographic region,
the failure of one or more of these units to respond to external threats may lead to
small-scale disasters that may be compensated by the successful reaction of other units
in the system.”
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to understand human behavior in diﬀerent situations. Diﬀerent methodological approaches
can be useful in testing diﬀerent aspects of diﬀerent models in diﬀerent situations. For
example, Ostrom and Nagendra (2006) use three diﬀerent methods to explain behavior in
common-pool resource forests: laboratory experiments, satellite imagery, and ﬁeld data.
Each of these methods has limitations for testing a speciﬁc theory. If the same substantive
conclusions are reached across a variety of methods, however, then the analyst has more
conﬁdence that the ﬁndings are valid (Singleton and Straits, 1999).
In this dissertation I used a variety of methods for my analysis to collect the data. In
Chapter 4 I utilized experimental approaches to measure the eﬀect of common property
institutions. In Chapters 2 and 3 I used a variety of methods. The biological data for
Chapter 2 was collected using forest mensuration techniques. The local socioeconomic data
was collected using rapid rural appraisals at each site. Finally, national data came from
national income accounting as well as third party monitoring of property rights enforcement.
The analysis of the data in these chapters used more sophisticated statistical analysis than
was necessary with the experimental chapter.
The point is not that one method of data analysis or one way to gather data is better
than another, but that multiple methods might be used to shed light on a single problem.
When the results from such analysis are similar one has more conﬁdence in the results.
When results from such analyses diﬀer, one should not dismiss one method as providing the
“right” answer while another is incorrect, but rather one should examine why the ﬁndings
were diﬀerent. Is one method of data collection more appropriate to answer a speciﬁc
question? Is another method of data collection better for a diﬀerent purpose? Does one
method of data analysis impose fewer or more realistic assumptions on the data?
1.3.2. Increased Conﬁdence. As an example of how multiple methods can increase the
conﬁdence of the results obtained from a single method, let us consider the experimental
chapter. Chapter 4 goes beyond stating that common property arrangements are correlated
with less trust and cooperation in Bulgaria. After all, Theesfeld (2004) had already argued
this point using ﬁeld data. Chapter 4 is able to assign causality with a greater degree of
conﬁdence. That is, the experimental procedure ensures that the common property aspect
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of the decision task is the source of diminished trust and cooperation. The challenge for
ﬁeld analysis is to demonstrate what would occur if diﬀerent property rights arrangements
were to exist in the ﬁeld; but this is very diﬃcult if not impossible. The experimental setup
is able to impose a property rights structure exogenously and explicitly control for other
confounding factors.
Of course there are problems with the experimental approach as well, including the
oft-cited limit of generalizability of the ﬁndings. In the experimental setup, the analyst has
a high degree of internal validity, but the external validity may be questionable, especially if
the decision task is not representative of the decision task of interest (as in the experiments
conducted in Bulgaria) or if the subject pool is not representative of the population for
which inferences are to be drawn (Harrison and List, 2004). Despite the shortcomings of
the decision task (i.e. subjects making decisions in an artiﬁcial laboratory environment),
this research, taken together with the work by Theesfeld, increases conﬁdence in the ﬁnding
that common property institutions cause mistrust to a greater extent than private property
institutions in Bulgaria. This ﬁnding was then linked to the unique institutional history of
in Bulgaria as described in the previous section.
1.3.3. Linking methods. In Chapters 2 and 3 I was able to link methods from the biological sciences (in particular, forestry science) with methods from the social sciences.
Because environmental problems inherently involve both social and natural phenomenon, a
marriage of methods seems essential for informative environmental policy analysis. All too
often social scientists, for example, are left investigating management outputs instead of
environmental outcomes, because this connection is not made. While it is useful for many
purposes to examine such outputs the primary goal of most policies is to have tangible
eﬀects in the environment. Andersson and Gibson (2007) performed an extensive review of
the literature on forest decentralization, for example, and note that only two studies besides
their own examined actual environmental outcomes. This is in no doubt due to the fact
that social scientists and natural scientists are not suﬃciently collaborative or eﬀective in
their collaboration.
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Fortunately, social and natural sciences are beginning to become more collaborative. In
Chapter 2 I was able to use common forest characteristics often analyzed by foresters and
link them to social phenomenon. Some exciting new research in forest policy is being informed by both natural and social science. For example, Nagendra (2008) recently analyzed
metadata from 49 locations in 22 countries to compare land cover change in protected areas
to non-protected areas using remote sensing satellite imagery. Her goal was to look at differences in forest conditions according to diﬀerent management regimes and socioeconomic
conditions in the various countries. The author found that protected areas are eﬀective at
limiting land cover clearing in Europe and North America (where protected areas tend to be
managed for non-use values), but less eﬀective in Asia, South America, and Africa (where
protected areas tend to be managed for multiple purposes). The highest rates of land cover
clearing in protected areas, relative to past clearing and bordering areas, were in Asia. The
author goes on to describe this phenomenon as due to speciﬁc socioeconomic characteristics of forest users in these countries. This is precisely the type of good, interdisciplinary
research that will continue to improve our understanding of environmental policy. Many
other recent examples exist as well (Gibson, Lehoucq and Williams, 2002; Gibson, Williams
and Ostrom, 2005; Hayes and Ostrom, 2005; Agrawal and Chhatre, 2006; Agrawal, Chhatre
and Hardin, 2008).
One serious limitation of this dissertation is the inability to explicitly link behavior in
the trust game in Bulgaria to observational behavior outside the laboratory. While research
from other sources helps conﬁrm my conclusions, stronger inference would be possible if
subjects who participated in the research were observed in other settings. In my future
research I will explicitly make such connections (see Section 3.1).
2. Questions Left Unanswered
While I feel that the chapters of the dissertation make substantial contributions to the
ﬁeld of environmental policy, there are many questions which arose during the course of
my research which remain. Here it is appropriate to reﬂect on some of the diﬃculties and
limitations of the research.

5. CONCLUSION

123

2.1. Conﬁgurations of Monitoring and Sanctioning. One of the most important
ﬁndings of the dissertation is that user group monitoring and sanctioning can be eﬀective at
sustaining basal area and species diversity in community-based forestry. Another important
ﬁnding from Chapter 3 is that when external government agencies engage in monitoring and
sanctioning activities, user groups are less likely to do so. One omitted analysis is whether
external government monitoring and sanctioning is as eﬀective as user group activities.
Cardenas, Stranlund and Willis (2000) and Cardenas (2004) have shown that external
enforcement activities may crowd out local eﬀorts, consistent with the ﬁndings in Chapter
3. These authors also show that external monitoring and sanctioning is less eﬀective than
internal, norm-driven sanctions. Lejano and Ingram (2007), on the other hand, ﬁnd that
outside monitoring and sanctioning works well in tandem with local eﬀorts and helps insure
against corruption.
Natural questions emerge from these analyses and from Chapters 2 and 3. If communities do not engage in monitoring and sanctioning activities can government agencies come
in and perform these functions eﬀectively? Does external monitoring and sanctioning crowd
out local eﬀorts or do governments speciﬁcally target communities where these activities
already do not exist? How involved should external governments be in direct monitoring
versus oversight, and how does this vary across contexts?
The growing literature indicates that local eﬀorts to monitor and sanction are quite
eﬀective in community-based forestry, but there is still much research that needs to be done
to determine exactly why it is so eﬀective. Researchers need to look at the eﬀects of shaming
versus monetary sanctions (Levitt and Dubner, 2005) in these settings. Researchers need
a better idea of what aﬀect group size has on the ability of communities to shame. Of
particular interest to me, is to examine what eﬀects second order government monitoring
(oversight of forest guards) has versus ﬁrst order monitoring (direct monitoring of forest
users).
During the process of writing this dissertation it also became apparent that there is
no simple relationship between monitoring, sanctioning, and trust. From the literature
reviewed in Chapter 1 it became apparent that complete monitoring and sanctioning is not
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necessary to ensure cooperation in many situations. On the other hand, the results from
Chapter 2 conﬁrm that the existence of monitoring and sanctioning is highly correlated
with positive outcomes.
Recently, some scholars have argued that monitoring and sanctions are substitutes with
trust (Cook, Hardin and Levi, 2005). They argue that monitoring and enforcement of
contract law can eﬀectively obviate the need for trust. However, it is quite diﬃcult to
establish and maintain such institutions in many settings. Perhaps it is more useful to
think about the need for monitoring and sanctioning at diﬀerent levels of economic and
political development. In settings where there is little interpersonal trust, eﬀorts should be
made to both increase trust and increase the strength of institutions. When some baseline
level of interpersonal trust is in place less emphasis might be placed on maintaining trust
and more on monitoring and sanctioning. However, the literature also suggests that too
much monitoring and sanctioning crowds out trust (Kareev and Avrahami, 2007).
Thus, when interpersonal trust is low, monitoring and sanctioning may complement
trust; that is, people’s expectations of others behavior may improve if the rule of law undergirds their relationships. As trust begins to be reciprocated, self-reinforcing mechanisms
engender even more interpersonal trust (Fukuyama, 1995). If monitoring and sanctioning
continues to become more strict, however, they may begin to crowd out trust and thus become substitutes (Cardenas, Stranlund and Willis, 2000). The exact parameter space over
which monitoring and sanctioning are complements or substitutes for trust remain uncertain. However, what is clear from the dissertation is that the relationship is more complex
than the simple complement/substitute dichotomy.
Furthermore, I have examined the role of interpersonal trust between two individuals
who might engage in some collective action dilemma. There is, of course, the issue of how
trustworthy the monitor of this relationship is. Will monitors be impartial and fulﬁll the
duties of their position. There is some evidence suggesting that the behavior of these oﬃcials
is crucial to understanding the development of interpersonal trust (Rothstein, 2005).
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2.2. Diﬃculty in Evaluating Outcomes. Choosing the appropriate measure of environmental outcomes is very diﬃcult in analyzing CPR policies. Often communities of
forest users have one policy goal, a national or regional government may have another policy goal, as might an NGO, and the researcher evaluates the policy according to the set of
outcomes that interest themselves. When analyzing environmental policies it is diﬃcult to
assess when they are “successful” and when they are not and what goals to use to assess
what success means.
In Chapter 2 I got around this problem by looking at forests with the explicit legal
goal to forbid harvesting. It is possible that the community, however, has diﬀerent goals;
perhaps to maximize forest income. This goal, in turn, may be incompatible with the stated
goal to forbid tree harvesting. The diﬃculty lies in assessing which evaluative criteria to
use. For example, suppose a community engages in monitoring and sanctioning, but the
purpose of this is to monitor outside users and allow community users to harvest valuable
tree species illegally. If the forest becomes denuded from these activities do we say that
monitoring was ineﬀective?
Perhaps even more diﬃcult is the fact that evaluation of forest conditions normally
takes place in a single time period. While my analysis in Chapter 2 allows for forest change
across periods of up to ﬁve years, this still may not be suﬃcient to detect deforestation
activities if they are slowly accumulating. In addition, communities may not realize that
their activities threaten the long-term viability of the forest and may purposefully allow an
unsustainable harvest, not because they are incapable of allowing less, but simply because
the actual biological parameters of the forest are not known with certainty. Even with good
scientiﬁc knowledge this assessment is diﬃcult because of the constant natural ﬂuctuation
of ecosystems.
Humans have traditionally seen nature as being in some kind of balance. In the nineteenth century the U.S. transcendental movement saw nature as, ”perfectly ordered and
perfectly stable; it achieved constancy, and, when disturbed, returned to that constant condition which was desirable and good (Botkin, 1990, p.8).” Recent research, however, shows
that the transcendentalist ideals of a perfectly ordered nature are false (Botkin, 1990).
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Ecosystem change is constant and often rapid. This dynamic change is explained by Folke
et al. (2007):

“Holling (1986) has described ecosystem behavior as the dynamic sequential interaction between four basic system functions: exploitation, conservation, release and reorganization. The ﬁrst two are similar to ecological
succession. Exploitation is represented by those ecosystem processes that
are responsible for rapid colonization of disturbed ecosystems and during which organisms capture easily accessible resources. Conservation
occurs when the slow resource accumulation takes place that builds and
stores increasingly complex structures. Connectedness and stability increase during the slow sequence from exploitation to conservation and a
”capital” of biomass is slowly accumulated. The next function is that of
release or creative destruction. It takes place when the conservation phase
has built elaborate and tightly bound structures that have become “overconnected,” so that a rapid change is triggered. The system has become
brittle. The stored capital is then suddenly released and the tight organization is lost. The abrupt destruction is created internally but caused
by an external disturbance such as ﬁre, disease, or grazing pressure. This
process of change both destroys and releases opportunity for the fourth
stage, reorganization where released materials are mobilized to become
available for the next exploitive phase.”

Ecosystems, then, are not ordered, constant, or static. They are constantly changing and
may change very rapidly.
A serious limitation to my analyses, and environmental policy evaluation in general,
then, is the uncertainty of conditions related to the ecosystem. There are no obvious
baselines to determine what “healthy” conditions for the system are. It seems that we must
aim much lower—that is we can speak in terms of how ecosystems are diﬀerent than at other
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points in time, but not to an absolute notion of “healthy” conditions. In some instances we
can identify what unhealthy ecosystems are, but in others this is more uncertain.
Relying on absolute conditions of ecosystem health can be dangerous. Consider the
example of the Tsavo park in Uganda. Management at the park during the 1950s and
1960s allowed for a rapid growth of elephants to restore previously large populations. The
park warden believed strongly in a balance of nature approach. He believed that nature
used drought to restore a proper balance of species populations, at the “ecological climax”
of the system. If elephants were left alone, without culling, then they would naturally return
to a sustainable population. Because of the large number of elephants, however, when a
severe drought hit the region 6,000 elephants starved to death, destroying all vegetation
in the process. The impact of this event could still be seen a decade later (Botkin, 1990,
p.17-8).
Even characterizing diﬀerences in conditions over time is problematic if the forest has
natural ﬂuctuations of high biomass in some periods and lower biomass in others. In
addition, other exogenous factors such as ﬂood, ﬁre, drought, or an inﬂux of animal species
may cause forest change which is quite outside of the control of forest managers. What is
more, some of these periodic events may be beneﬁcial to the forest in the long run even if
they destroy forest biomass in the short run, such as the ﬁve year time frame I examined in
Chapter 2. Certainly, there is much evidence that at least in the United States forest ﬁres
serve a variety of purposes in forest ecosystems in the long run even if they can be quite
destructive in the short run (Reiners, 2006; Steelman, 2008). This causes a serious problem
in measuring and comparing the biological conditions of the forest.
For all of these reasons, I am left unsatisﬁed as to how to evaluate environmental
outcomes of speciﬁc policies.4 While I believe the approach in Chapter 2 is justiﬁable as
characterizing the factors that lead to a particular type of change, I remain uncertain in
4It is important to note that this problem is not unique to environmental policy evaluation, but to policy

evaluation in general. What is seen as desirable at one point in time might change at later points in time.
Also, many diﬀerent actors might perceive the desirability of the outcomes quite diﬀerently. For example,
most macroeconomic policies are geared towards growth and stability of GDP and employment. It is possible,
however, that short term growth may have undesirable long term consequences or that members of society
value these outcomes diﬀerently than, say, equality of income.
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what instances this type of change is desirable and the criteria we should use to ascertain
desirability.

2.3. Diﬃculties with “Community Forestry”. At various stages of the dissertation it has been diﬃcult to categorize “community forests.” In virtually every forest, some
human communities utilize the forest for some purposes. Sometimes groups of people are
more involved in management decisions than others, and sometimes they hold common
property title outright. More often, at least in the developing world, communities have
been given limited management responsibilities, but formal title remains with an outside
government.
I believe there is a continuum of community forests, depending on how involved the
community is in the forest and what rights it has in relation to the forest. It may be helpful
to think of community forestry in terms of a property rights perspective; that is, we should
think carefully about the bundle of rights that groups of people hold when deciding how to
categorize community-based forestry. Schlager and Ostrom (1992), for example, categorize
common-property regimes based upon a bundle of rights, diﬀerentiating resource users
as authorized users, claimants, proprietors, or owners. The problem becomes even more
complex if one considers that actors can be claimants on some use rights but authorized
users or excluded altogether from other rights.
In a recent book, Anthony Scott (2008) has given extensive background on property
rights theory applied to natural resources. He elucidates six characteristics of property
rights: exclusivity, duration, ﬂexibility, quality of title, transferability, and divisibility (p.6).
Perhaps rather than thinking of whether or not a particular forest is a “community forest”
analysts should assess the strength of the user groups’ rights on each of these six dimensions.
There is not much theoretical expectation about which characteristics are more important
to ensure eﬃcient resource use, but rather it is probably some combination.
Arnason (2005) recently applied a simpliﬁed property rights framework (four characteristics: security, exclusivity, permanence, and transferability) to describe the strength of
individual transferable quota (ITQ) property rights systems across diﬀerent ﬁshery regimes.
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The author ranks ﬁsheries on these dimensions and is able to compile a quantitative measure of the strength of ITQ property rights in Iceland, Norway, and New Zealand. This
measure is called the Q-measure.
I believe this method may also hold promise in comparing diﬀerent community forestry
systems across diﬀerent contexts. Perhaps rather than a dichotomous (yes/no) indication of
“community forest” a scale indicating how much control and responsibility the community
has in relation to the forest is more appropriate. What is clear according to Chapter 2
and Ostrom and Nagendra (2006) is that simply labeling a forest as “community” rather
than “government” or “private” does not suﬃciently diﬀerentiate them based on ecological
outcomes. Another promising approach is that taken in Chapter 3 when referring to the
residual claimancy of the forest, yet this strict division between claimancy types does not
seem as satisfactory as a more granulated assessment of property either. In the next section
I will brieﬂy describe potential future work to look at these issues more closely.

3. Directions for Future Research
Given the contributions of the dissertation and some of the unresolved issues explained
in the previous section, I now turn to a brief outline of future research questions and projects.
I ﬁrst turn to expected methodological directions and then to some substantive research
questions.
3.1. Linking Experimental and Observational Research. As noted, much research has been done on CPR problems in observational studies. While there is not as much
experimental evidence of CPR problems, the same factors identiﬁed by (Ostrom, 1990) in
reference to observational studies, appear to be important when explaining cooperation in
experimental studies as well (Coleman and Ostrom, Forthcoming). I view observational
and experimental work as complementary; that is, I have more conﬁdence in experimental
results because they are conﬁrmed by observational work, and I have more conﬁdence in
observational results because they are conﬁrmed by experimental work (Poteete, Jannsen
and Ostrom, 2009; Coleman and Ostrom, Forthcoming).
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But utilizing multiple methods to ensure the validity of results is even more powerful if
the speciﬁc behavior of subjects in experiments can be linked to those subjects’ behavior
outside the laboratory. There is unfortunately less research that connects experimental and
observational work in this way. Karlan (2005)) has a nice paper where he measures trust in
the standard trust game as presented in Chapter 4. He then uses this behavior to explain
the propensity of villagers to repay microﬁnance loans in Peru.
Recently, Maria-Claudia Lopez and I (2009) analyze behavior from trust games and
public goods games from a series of experiments conducted in Colombia and ﬁnd that behavior in public goods games explains contributions to charitable causes, but that behavior
in trust games does not correlate with the public goods game nor does it explain charitable
contributions. This result is important because it helps to distinguish two types of behavior, trust game behavior and public goods game behavior. In addition, only actions in one
game are consistent with the observational behavior studied. Interesting questions emerge
from this such as, “What types of experimental behavior are correlated with what types of
observational behavior?” While the theory of these expectations needs to be developed, I
believe linking these methods will be a valuable research program.

3.2. Property Rights and the Commons. In Section 2.3 I discussed the diﬃculty
in deﬁning “community forestry” and suggested the property rights approach as a useful
paradigm for this enterprise. In the future I expect to continue using IFRI data to investigate
these questions, but I believe there will be interesting research synergies from experimental
work as well. Because property rights diﬀer on the six dimensions discussed in Section
2.3, it may be possible to experimentally recreate resources with diﬀerent combinations of
property rights characteristics.5 Behavior can then be investigated in the CPR games ﬁrst
proposed in Ostrom, Walker and Gardner (1992).
5It is important to note that there are many dimensions of property rights that have been proposed in

the literature. Schlager and Ostrom (1992), for example, place signiﬁcant weight on access, withdrawal,
management, and exclusion. I do not believe these categories are mutually exclusive from Scott’s (2008)
typology. In addition, these dimensions may vary considerably over the nature of the multiple uses of the
resource (Oakerson, 1986). Property rights may exist for timber but not mushrooms or landscape alteration,
for example.
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3.3. Monitoring and Sanctioning. I have immediate plans to begin developing a
series of experiments that investigate external and internal monitoring and sanctioning institutions. There seem to be six diﬀerent conﬁgurations of external and internal monitoring
and sanctioning as listed in Table 2. According to this classiﬁcation, there is one control
condition, C, where there is no monitoring and sanctioning neither from the user group nor
from the experimenter. Treatment conditions include situations where there is ﬁrst order
monitoring (monitoring subjects) or second order monitoring (oversight of the monitors).
According to Lejano and Ingram (2007), the treatment condition T12 should achieve the
highest eﬃciency. This is a treatment condition with two monitors. First, the subjects
appoint their own monitor from among those participating in the experiment. Second, the
experimenter acts as an outside monitor to oversee the appointed group monitor.
Table 5.2. Conﬁgurations of Monitoring and Sanctioning
External monitoring
Internal Monitoring None First Order Second Order
None
First Order
Second Order

C
T10
N/A

T01
T11
T21

N/A
T12
N/A

4. Concluding Remarks
This dissertation represents the work from my past ﬁve years at Indiana University
and in the ﬁeld. I have learned much in this time, yet feel that many questions remain
unanswered. I hope to use the next ﬁve years and beyond to better understand many of
the issues brought up in the dissertation. I would be remiss without acknowledging and
thanking colleagues at the Workshop in Political Theory and Policy Analysis for their sincere
desire to create scholars from nave graduate students, and to teach the craft of research.
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