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Abstract

Group incentives can and have been used to address a range of environmen-
tal and resource problems. These schemes base individual penalties and/or
rewards on the performance of a group of individuals or firms who con-
tribute to the environmental or resource problem. The economics literature
on team incentives and public goods, as well as the literature specifically
on environmental and natural resource management, provides insights into
the design of group incentives. This article reviews the literature on group
incentives in the context of environmental protection and natural resource
policy. This literature suggests that group incentives can be effective and
even efficient as environmental policy tools. However, the outcomes under
group incentives will likely depend on a combination of the policy design and
the nature of the internal group interactions. Within-group interactions are
likely to be particularly important when policies involve thresholds so that
coordination is needed to reach a cooperative equilibrium.
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1. INTRODUCTION

Many human activities lead to the degradation of air, water, or land or the overexploitation of
renewable resources such as forests and fisheries. Typically, these impacts represent negative
externalities, since they are borne by people other than those whose activities generate them.
Controlling these externalities is a key rationale for adoption of natural resource management
or environmental protection policies. Typically, these policies are applied at the level of the party
engaging in the offending activity. For example, environmental taxes, regulations, and subsidies
target firms engaging in polluting activities based on the level of their activities, and harvest or
bycatch quotas can be allocated to individual vessels or firms. However, in some contexts, an
alternative approach might be possible, namely, policies that involve group incentive schemes.
Group incentives have long been used to incentivize team production in other contexts such
as workplaces, where the actions of a number of individuals (team or group members) combine
to determine an outcome that is valuable to the team or the owners of the firm (Bloom & Van
Reenen 2011, Friebel et al. 2017).! Examples include team bonuses, profit sharing (e.g., in law
firms or medical practices), and employee ownership schemes.

In the context of environmental protection and natural resource management, group incentives
could take a variety of forms (Kotchen & Segerson 2018, 2020). For example, a group of farmers
could be taxed (or receive subsidies) based on ambient water quality, which is determined by the
combined actions of all farmers in the watershed, rather than on their own individual discharges
(which might not be easily monitored). Likewise, a contract to make payments for ecosystem ser-
vices (PES) could base those payments on the collective performance of a group of landowners,
or a fisheries manager could allocate harvest or bycatch quota to a group of vessels (e.g., a coop-
erative or an entire fleet) rather than to individual vessels and then penalize the group as a whole
(typically through closure of the fishery) if the group fails to comply with the aggregate limits.
A regulator might also threaten an entire industry with costly regulation if it does not improve
its collective performance (e.g., by sufficiently reducing industry-wide emissions). In all cases, the
key feature is that each individual within the group faces rewards and/or penalties that are based
on group performance rather their own individual performance.

There are a number of reasons for using a group incentive rather than individual incentives
for addressing environmental externalities (e.g., Swallow & Meinzen-Dick 2009; Kerr et al. 2014;
Kotchen & Segerson 2018, 2020; Holland 2018).

1. The joint production function determining the group’s output may not be separable into
independent individual contributions;

2. Monitoring or contracting on individual contributions or performance may be difficult or
very costly;

3. The resource that needs to be managed may be collectively owned by, for example, a village
or community;

4. Group incentives may foster spatial or temporal coordination among group members that
is needed to manage a resource efficiently; or

5. Group incentives may allow members of a group to pool risks when outcomes are uncertain.

In all of these cases, a group incentive might be either the only feasible way to structure rewards
or punishments or possibly the preferred way to do so.

'Other contexts in which group incentives have been used include team projects in education (Hansen 2006),
microfinance in developing countries (Armendariz & Morduch 2005, Giné & Karlan 2014), joint and several
liability (Miceli & Segerson 1991), and group punishment (Miceli & Segerson 2007). See Babcock et al. (2015)
for discussion of other examples.
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A key concern with the use of group incentives, however, is that they will lead to shirking
or free-riding by group members who do not “do their part” (e.g., Prendergast 1999). Broadly
speaking, group incentives create collective action problems, and it is well known that collective
action problems can lead to underinvestment in effort when benefits are shared by the group but
the associated cost is borne by individual group members (e.g., Olson 1965, Sandler 2015). The
challenge is to try to design the incentive scheme to overcome the potential for free-riding that
might otherwise arise.

This review provides an overview of the economic literature on the use of group incentives
in environmental and natural resource policy design. The focus is on contexts in which a reg-
ulatory body can design and impose a policy that creates incentives for individual members of a
group based on the group’s overall performance. As noted above, such policies would include taxes
and/or subsidies based on ambient water (or air) quality, collective PES, industry-wide regulatory
threats, and fleet-wide fisheries harvest or bycatch quotas. I begin in Section 2 with a discussion
of terminology and scope, which is intended to clarify where the scope of this review falls within
a broader literature on incentive schemes involving groups. Because group incentives create col-
lective actions problems, I then turn in Section 3 to a brief overview of the key characteristics
of collective actions problems. Section 4 presents a brief discussion of the related literatures in
the contexts of public goods and employee compensation. Section 5 then overviews the theoret-
ical literature on the use of group incentives in environmental and natural resource economics,
starting with a stylized model of group incentives that further clarifies the nature of how group
incentives can be structured and then turning to a discussion of policy design. This is followed in
Section 6 by an overview of the empirical literature on the use of group incentives in this context,
which draws from both laboratory and field experiments as well as observational studies. Finally,
Section 7 provides concluding comments.

2. ANOTE ON TERMINOLOGY AND SCOPE

The literature on groups (or teams) and collectiveness, both within and outside of economics,
uses a variety of terms that are often not clearly distinguished and are sometimes used inconsis-
tently (Castafier & Oliveira 2020). These include collective action, collective choices/decisions,
coordination, cooperation, collaboration, and collusion. For example, the seminal work by Olson
(1965) and follow-up work by Ostrom (1990, 2000) and others use the term collective action to
refer to problems where the payoffs of individuals are interdependent and such that the choices
that maximize net benefits to individuals deviate from those that maximize joint (or social) net
benefits or, more precisely, where the Nash equilibrium is not socially efficient, typically because
the problem is a Prisoner’s Dilemma. Sandler (2015, p. 196) uses a broader definition that includes
any situation where “the efforts of two or more individuals or agents (e.g., countries) are required
to accomplish an outcome,” or, in other words, any situation where there is “team production.”
This definition includes not only Prisoners’ Dilemmas but also other types of interactions (e.g.,
chicken, assurance, or coordination games), including problems where the (or at least one) Nash
equilibrium is socially efficient (see Sandler & Arce 2003). Under both definitions, the focus is
on problems where the decision-making unit is an individual (or individual firm or country) and
on the incentives faced by those individuals (including possible free-riding incentives). In these
contexts the notion of a group or collective is relevant only in that it defines the set of individuals
who contribute to team production and/or have interdependent payoffs. Cooperation is then sim-
ply the outcome where individuals make decisions that consider these interdependencies and are
socially efficient even (especially) when those decisions are not a Nash equilibrium. A key focus is
thus on the incentives for cooperation and the circumstances under which it might or might not
emerge.
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It is important to note that, because of the focus on individual decision making, the economic
models of collective action/cooperation noted above fall under the heading of noncooperative
game theory (rather than cooperative game theory), where individual players (rather than coali-
tions) make strategic decisions. In other words, despite the use of the term collective action, the
actions (or decisions) studied in these models are not made collectively, i.e., by the group to which
the individuals belong. There is a large body of literature on collective decisions/choices (some-
times included as part of collective action or choice, following Oliver 1993 and Stasser & Abele
2020), where the decision-making body or unit is the collective or group; i.e., a group must make
a single decision or choice for or on behalf of all members of the group (see footnote 3). Such
choices are often (but not always) made through some form of collaborative process where group
members work together toward some agreed-upon goal.

In addition, as defined above, cooperation is distinct from coordination. The term coordination
has a very specific meaning when used in the context of a coordination game (Weidenholzer 2010)
but is sometimes used more broadly as a synonym for cooperation. For example, in a coordination
game, the payoffs are such that the players benefit from coordinating on (i.e., choosing) the same
strategy (such as driving on the right side of the road) and, once coordination is achieved, there is
no incentive for individuals to deviate. In addition, there are often multiple Nash equilibria, and
the goal is to ensure that individuals coordinate on the good or better equilibrium, as, for example,
in an assurance game (Isaac et al. 1989).

This article adopts the broader definition of collective action used by Sandler (2015), where
individual decision makers (e.g., consumers, landowners, or firms) who are members of an identi-
fiable group face payoffs that are interdependent, but allowing for scenarios (e.g., policy designs)
where that interdependency does not necessarily imply inefficient Nash equilibria. The term co-
operation is then used to refer to the outcome where the decisions made by individuals consider
those payoff interdependencies and are socially efficient, even if there is no explicit interaction
among individuals (beyond the interdependence of payoffs). In this sense, it is the outcome that is
cooperative rather than the process of reaching that outcome. Coordination, on the other hand,
will be used to refer to an unspecified process by which a group (collaboratively or otherwise)
determines and implements a means for achieving an agreed-upon group-level goal.

Based on this terminology, the group incentives discussed here are policies or schemes that
create (or in some cases compound) a collective action problem that might or might not induce
individual-level cooperative behavior (possibly, but not necessarily, through coordination and/or
collaboration). I emphasize this to clearly define the scope of the review. However, even within
this scope, there can still be different types of specific policy contexts (see, e.g., Engel 2016, Hayes
et al. 2019). Here, I focus primarily on group incentive schemes where (2) the scheme is exter-
nally designed and imposed (e.g., by a regulator) rather than being decided upon by the group;
(b) rewards/punishments are triggered by the level of overall group performance; (¢) once trig-
gered, the magnitudes of those individual reward/punishment are also based on group rather than
individual performance; (d) those rewards/punishments are specified for each individual as part of
the policy design (i.e., reward/punishments are at the individual rather than group level); and (e)
individuals (rather than groups) make decisions (i.e., the game is noncooperative). In particular, I
do not consider contexts in which there is no externally imposed policy,’ decisions are made by

?This includes common property problems where there are no externalities imposed outside the group and
no external management body (e.g., Ostrom 1990, 2000; Tarui et al. 2008), as well as global collective action
problems, where no central authority exists for imposing policies on nations (Sandler 2004).
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groups,’ rewards/punishments are paid to/by the group rather than individual group members,*
or where the incentive scheme depends in some way on (observable) individual behavior.’ (This
latter category includes schemes based on comparisons of individual performance across group
members, such as tournaments and relative performance standards.f)

3. KEY CHARACTERISTICS OF COLLECTIVE ACTION PROBLEMS

As noted above, group incentive schemes create collective action problems. They thus share many
of the characteristics of other collective action problems, which can arise from a variety of sce-
narios. The canonical context is the existence of a public good whose provision generates benefits
for all members of a group. In this case, the benefit of provision is public while the associated
costs are private. As a result, each group member has an incentive to undercontribute relative to
the socially efficient level, resulting in underprovision of the good. The dual of the public good
collective action problem is the common property (or commons) problem (Sandler & Arce 2003),
where use of a given resource by members of a group generates private benefits for those members
but also imposes public costs on other members (because the available resource is limited or be-
cause of congestion/crowding costs). In this case, individual group members have an incentive to
overuse the resource relative to the socially efficient level, resulting in either overexploitation of
the resource or, in the case where a finite amount is available, inefficient exploitation (e.g., a race
to fish). Both the public good and the common contexts are, of course, specific examples of the
more general context where decisions by one group member impose externalities (either positive
or negative) on other members of the group (Cornes & Sandler 1996).

In all cases, the collective action problem hinges on the existence of an identifiable group with
interdependent payoffs. However, these groups can be formed in a variety of ways (e.g., Kerr et al.
2014). In some cases, the group will be exogenously defined, based on, for example, physical inter-
dependencies. For instance, the owners of all fishing vessels that fish for a given species in a par-
ticular waterbody or area may form a natural group if species abundance and space are limited in
the fishing grounds and those vessels compete for the limited resource. Other examples of natural
groups include a group of farmers in a watershed, firms in an industry, power plants in a region,
or landowners in a given community. Alternatively, group membership can be defined endoge-
nously, as when individuals or firms choose to join a group specifically for the benefits of group

3For discussions of group decisions, see, e.g., Charness & Sutter (2012) and Cason et al. (2019). Group-level
decision making is also relevant in the context of collective PES programs, where the land being enrolled in
the program is collectively managed (Hayes et al. 2019). See also Gatiso et al. (2018).

#Under such schemes the regulator leaves it to the group to determine how a collective penalty/reward is to
be distributed within the group (e.g., Collins & Maille 2011, Engel 2016, Hayes et al. 2019).

STf individual choices can be monitored, it is possible to have an individual’s payment linked to their own
contributions. For example, improved monitoring to allow payments to vary with individual contributions
has been suggested as a means for addressing the nonpoint source pollution problem (e.g., Xepapadeas 2011,
Palm-Forster, etal. 2019, Balmford etal. 2021). Policies that allow for firms to avoid the negative consequences
of group failures through their individual effort have also been used to reduce greenhouse gas emissions (e.g.,
Dijkstra & Riibbelke 2013). For studies comparing individual versus collective payments, see Narloch et al.
(2012), Midler et al. (2015), Gatiso et al. (2018), and Moros et al. (2019).

SFor general discussions of tournaments and related contests, see, e.g., Lazear & Rosen (1981), Holmstrom
(1982), Nalbantian & Schotter (1997), Prendergast (1999), Che & Yoo (2001), and Connelly et al. (2014).
For discussions of relative performance standards specifically in the context of environmental performance,
see Zabel & Roe (2009) and Mullins (2018). Tan et al. 2021) and Wang & Lei (2021) describe examples of
environmental tournament-style schemes in China.
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membership. Clubs and cooperatives are good examples. In some cases, endogenously formed
groups will develop organically; i.e., individuals will come together to form a group on their own.
For example, firms that seek green certification might form a green club aimed at promoting
an eco-friendly reputation for member firms (Potoski & Prakash 2013, van’t Veld & Kotchen
2011, Kotchen 2013). In other cases, a third party (such as a regulator) can establish a group and
allow (or even invite) individuals to join. For example, in an effort to better regulate the New
England groundfish fishery, fisheries managers allowed the creation of sectors that would operate
as collectives and self-manage collective quotas, where individual vessel owners could then choose
whether or not to join a given sector (Holland & Wiersma 2010). Similarly, many government-
run voluntary environmental programs invite participation into an endogenously formed group
of participants (e.g., Borck & Coglianese 2009). Of course, regulators can also establish groups
where participation is mandatory rather than voluntary. For example, in the case of the fleet-wide
sea turtle bycatch quota for the Hawaiian swordfish fleet, all vessels within the fleet automatically
became members of the group subject to the overall bycatch limit (Chan & Pan 2016). Whether
participation is mandatory or voluntary can have implications for self-selection, which can in turn
impact group performance (e.g., Deacon et al. 2008, 2013). Finally, groups can emerge from in-
teractions in imperfectly competitive markets. Those markets could be created by regulators (e.g.,
through establishment of a cap-and-trade system) or simply through supply side characteristics
(such as economies of scale or access to limited resources). In this case, the group is the set of
firms whose decisions are strategically interdependent. Relevant to this review are cases where
that strategic interdependence has implications for environmental quality or resource use.

In addition to the nature of the interdependencies and how the group is formed, collection
action problems can also differ in how individual decisions combine to determine the overall
outcome for the group. The standard aggregator function for determining the group outcome
or performance metric from individual actions is a simple summation function, whereby, for
example, group contributions are simply the sum of individual contributions. For instance, total
emissions (or emissions reductions) by firms in a given region are simply the sum of the emissions
(emissions reductions) of those firms. However, other aggregator functions are possible, based on
different characterizations of the public good (see, e.g., Hirshleifer 1983, Cornes 1993, Sandler
2015). These include aggregators representing weakest-link public goods (where the total group
outcome is determined by the smallest or worst individual contribution), best-shot public goods
(where the overall outcome is determined by the effort or success of the best member), and thresh-
old public goods (where the benefits for the group only materialize once contributions by group
members reach a certain level). Although the relevant aggregator function might be determined
by the physical nature of the public good, in the context of public goods created through the use
of group incentives, the relevant function might also be determined by policy design [e.g., based
on the metric used for group performance and how the associated group rewards or punishments
are designed (Hirshleifer 1983)]. For example, policies that punish a group when total emissions
exceed a given standard effectively define group performance as a threshold public good, since
avoided emissions must reach a certain level before the benefits of avoided punishment are
realized.

Finally, it is important to distinguish whether, absent any group incentive mechanism, the
actions by members of the group impose externalities only on other group members or they
impose externalities outside the group. This determines the motivation for group incentives. In
the former case, group incentives could be used to help the group solve the internal collective
action problem that stems from intragroup externalities. This is the typical case for groups seeking
to manage common property resources. In the latter case where the group imposes externalities
on nongroup members (e.g., farmers collectively pollute a downstream waterbody), the group
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incentive mechanism would presumably be designed to address these third-party externalities. In
this case, the collective action problem is created by the use of a group incentive. Here, I focus
on this latter case, recognizing that, regardless of what generates the collective action problem,
many of the insights about its implications and solutions will be the same.

4. RELATED LITERATURE
4.1. Group Incentives and Public Goods

It is clear from the discussion above that the use of group incentives in environmental and natural
resource management is closely related to the theory of public goods. Under a group incentive
scheme, group performance becomes a public good for the group (Kotchen & Segerson 2018).
Although a review of the voluminous literature on public goods is beyond the scope of this article,
a key part of this literature is the focus on free-rider incentives and the resulting underprovision
of the public good. Thus, a key question of interest is how to solve the free-rider problem to
ensure efficient provision (Cornes & Sandler 1996). The remedies that have been proposed for
public goods include, for example, demand-revelation mechanisms (e.g., Healy & Jain 2017) and
bundling/packaging of public and private goods or the creation of clubs (Kotchen 2013, Dixit
& Olson 2000). These proposed solutions are not based on group incentives. However, at least
for discrete public goods, the free-rider problem can also be solved through use of a mechanism
under which the public good is provided if and only if total group contributions exceed the cost of
provision. These mechanisms are sometimes termed provision point mechanisms (e.g., Rondeau
et al. 2005). They yield multiple equilibria, not all of which are efficient, and can thus lead to
coordination failures (Bagnoli & Lipman 1989, 1992; Bagnoli & McKee 1991).” Nonetheless,
they constitute a form of group incentive mechanism (based on a threshold public good) that is
similar to those discussed below.

A key focus of much of the literature on free-riding is the role of group size, i.e., whether
increases in group size increase free-rider incentives. In general, this depends on the nature of the
public good, and in particular, whether an increase in group size reduces the marginal benefit of
individual contributions.® For example, there is no impact on this marginal benefit if the good
is a pure public good, but marginal benefits decrease with group size for impure public goods
that are shared or subject to congestion (e.g., Isaac & Walker 1988, Sandler 2015). Thus, free-
rider incentives may be unaffected by group size in the former case but increase with group size
in the latter case. In the case of a threshold public good, an increase in group size could reduce
the marginal benefit of contribution (and thereby increase free-riding) if it makes an individual
feel that her contribution is less pivotal in reaching the target that secures provision of the public
good (Dixit & Olson 2000). As discussed in more detail below, with group incentive schemes,
the scheme can be designed so that the efficient outcome is a Nash equilibrium for any group
size. Nonetheless, for schemes that have multiple equilibria, group size could affect the ability to

coordinate on the efficient equilibrium.’

"Interestingly, the results of Cachon & Camerer (1996) and Feltovich et al. (2012) suggest that coordination
can be affected by whether payoffs take the form of losses or gains (due to loss aversion), implying that coor-
dination might be easier for group incentives based on penalties than analogous schemes based on rewards.
See also Bougherara et al. (2011).

8The effect of group size also depends on its impact on the marginal cost of contribution (Esteban & Ray
2001) and the specific aggregator function that characterizes the public good (Sandler 2015).

9Weber (2006) shows that coordination can be sustained in large groups if the group starts small, establishes a
history of coordination, and then grows over time. This is consistent with evidence that the history of a group’s
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4.2. Group Incentives in Employee Compensation

While there are clear parallels with the public goods literature on free-rider incentives, the eco-
nomic literature on the use of group incentives in environmental and resource management has
its roots primarily in the theoretical literature on team production in industrial organization. As
noted in Section 1, group incentives have been (and continue to be) used frequently in employ-
ment contexts, and economists have studied alternative schemes for compensating employees for
group production (Prendergast 1999). The seminal article by Holmstrom (1982) examined the
incentive effects of alternative schemes and identified the basic inefficiency that arises from any
sharing rule that allocates the value of group output across group members (whereby the marginal
costs of individual effort are borne fully by the individual while the marginal benefits are divided
among the group). This is analogous to the inefficiency arising from free-riding in the context of
contributions to public goods.!” However, Holmstrom also showed that group bonuses (or penal-
ties) can lead to a Nash equilibrium that is efficient, although the threshold nature of these types
of forcing contracts leads to multiple equilibria that are vulnerable to slight mistakes (Nalbantian
& Schotter 1997).11

5. GROUP INCENTIVES IN ENVIRONMENTAL AND NATURAL
RESOURCE ECONOMICS: THEORETICAL LITERATURE

The principal-agent models that lie at the heart of the literature on team production have been
adapted to a number of environmental or resource management problems, where the principal is
society (or regulators acting on behalf of society), and the agents are individuals whose decisions
lead to the production of a joint output related to environmental quality or resource use. This
parallel was first noted in the context of nonpoint source pollution, where often group perfor-
mance (e.g., ambient water quality) is observable while individual contributions are not. Drawing
on the team production literature, theoretical work on nonpoint pollution control sought to de-
sign group incentives based on ambient water quality that could induce efficient pollution abate-
ment as a Nash equilibrium. Early work developed tax and/or subsidy policies as well as fixed
rewards/penalties that would be faced by individuals (e.g., farmers) but based on ambient water
quality (relative to a baseline) (Meran & Schwalbe 1987, Segerson 1988). Such policies create a
collective action problem for the group that is subject to the policy, since the payoff of each now
depends on the group’s overall performance, which in turn depends on the actions of all members
of the group. Nonetheless, as the early work showed, by appropriately setting tax/subsidy rates or
fixed penalties, the cooperative (first-best) outcome could be generated as a Nash equilibrium.

5.1. A Stylized Model of Group Incentives

To see this, consider the following stylized context in which a group incentive might be used
(Kotchen & Segerson 2018). Suppose there are two agents (e.g., individuals, firms, or landowners),

coordination can be an important determinant of future coordination (Nalbantian & Schotter 1997) and with
the experimental literature on the use of group incentives for resource management discussed in Section 6.
10Although there are many similarities between group incentives in an employment context and the incen-
tives for contributions to public goods, there are also some important differences. See, e.g., the discussion by
Nalbantian & Schotter (1997).

'The standard literature on employee compensation assumes workers are motivated only by monetary pay-
ments. However, evidence suggests that other factors, such as identity, i.e., the feeling of belonging to an
identifiable group, can also affect effort or contribution decisions. The extent to which identity does or does
not foster cooperation is an interesting area of research. See, e.g., Akerlof & Kranton (2000, 2005), Charness
et al. (2014), and Camera & Hohl (2021).
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each of whom makes a decision «;, where i = 1, 2 and denotes the two agents. For example, x; could
represent emissions or discharges of a given pollutant, fertilizer applications, fishing effort, or the
clearing of forested land. Suppose for simplicity that, absent a group incentive policy, there are no
intragroup externalities; i.e., the payoff for each agent (J#;) depends only on her own decisions,
implying W, = Wi(x;). Suppose, however, that the actions of the two agents combine to determine
an outcome y = y(xy, x2) that impacts a third party whose payoff is given by Z(y). Note that there
are various forms that the y function could take, including:

1. Simple summation: y = xy + x»;

2. Additively separable summation: y = y; (x1) + y2(x2);

3. Threshold: y = max(0,§ — ) where j = a1 +x; or j = y1(x1) + y2(x2);
4. Weakest-link: y = min(xy, x,); and

5. Best-shot: y = max(xy, x,).

The nature of the problem determines the appropriate form for this production function. For
example, as noted above, the simple summation form might be appropriate when y simply repre-
sents total emissions of a pollutant such as sulfur dioxide or carbon dioxide. In contrast, additive
separability might be more appropriate when y represents aggregate bycatch across two fishing
vessels, where the bycatch of each vessel depends on its fishing effort, or when x; represents an
polluting input and y; is the resulting pollution level for that party. It could also represent ambient
water quality in a lake, where the impact of fertilizer use by the two farmers depends on their
proximity and land characteristics. The threshold good representation would apply, for example,
when there is some assimilative capacity and third-party damages only occur when that capacity
is exceeded.

Each of the two players seeks to maximize her own payoff. Absent any policy and assuming
differentiability and suitable regularity conditions and interior solutions, the equilibrium choices
are given by the solutions to

dw;
dx,'

Without a group incentive policy in place, if the two players do not impose externalities on each

(x)=0fori=1,2. 1.

other, they do not face a collective action problem.!? However, their choices are inefficient because
of the externality imposed on the third party. Social efficiency is defined by the solutions to

aw;
dxl-

Comparing Equations 1 and 2 shows the inefficiency that can result when private decisions

d
(xi)+z'(y)a—y(xi,xj)=0fori= 1,2. 2.
X

do not factor in third-party impacts.!* The divergence between the equilibrium and efficient
outcomes provides the motivation for policy intervention. The set of feasible policies depends
on what is observable. If only y is observable, i.e., x; and y; are not observable, then only poli-
cies based on the observed group outcome (performance) are feasible. For example, if regulators

12Tn a standard collective action problem of the type discussed by Olson (1965) and Ostrom (1990, 2000), the
payoffs for each depend on not only their own choices but also an outcome determined by the choices of all
members of the group; i.e., W; = W;[xi,y(xl,xz N = Wixi, x5).

3This specification again assumes differentiability and suitable regularity conditions. In particular, it assumes
y(x1,x7) is differentiable, which is not true for certain aggregator functions, such as weakest-link and best-shot.
Nonetheless, the comparison of Equations 1 and 2 is useful for illustrating the general point regarding the
potential inefficiency of the equilibrium in cases of third-party externalities. Here, the inefficiency takes the
form of an inefficient level of y. However, as discussed below, for threshold public goods, inefficiency can also
arise when the efficient level of y is produced but not in a least-cost way.
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cannot observe or easily monitor individual farmer actions or contributions to the water quality
in a lake but they can observe the lake’s water quality, then policies based on ambient water qual-
ity will be feasible while individual (farm-level) policies will not. However, if x; or y; is observable,
then policies based on individual decisions or performance (such as input taxes, emissions taxes, or
individual PES contracts) are feasible. Nonetheless, for reasons discussed in Section 1, group in-
centives might still be used. In this case, the group incentive might be based on group performance
y but could also involve individual actions or performance (x; or y;), as, for example, with relative
performance standards such as tournaments or rewards/punishments determined by comparisons
with the average performance within a given group (see footnotes 5 and 6).

Under group incentives of all types, each agent realizes an additional positive or negative pay-
oft T; = Ti(x;,x;) that depends on both her own actions and those of others. Her total payoft
then becomes PV,-T(xi,xj) = Wj(x;) + T;(x;, ;). When the group incentive 7; depends directly on
group performance y, i.e., T; = T;[y(x;, «,)], this implies that the agents now face a collective action
problem.!*

5.2. Efficient Policy Design

Although the purpose of the group incentive is to address the third-party externality, as noted,
it generates within-group externalities that in turn generate a collective action problem. A key
question is how to design the incentive scheme to address both potential distortions. Consider,
for example, a simple group incentive where each of two farmers pays a tax that is proportional to
ambient water pollution. In terms of the notation above, this implies that 7; = 7 - y(xy, x,), where
y would represent ambient water pollution, and 7 is the ambient tax rate. When faced with this tax,
each individual’s payoff becomes W;(x;) — t - y(x1, x,) and the Nash equilibrium is then defined by
aw; dy

dx; () —t- 870,

Comparing this to Equation 2 shows thatif the regulator sets T = —Z'(y*), where y* = y(x}, x5)

is the efficient pollution level, then (x1*,x,*) will be a Nash equilibrium. Moreover, with an addi-
tive or additively separable aggregator function, it will also be a unique dominant strategy. Thus,
despite the collective action nature of the problem, efficient cooperation will emerge as a Nash

(x1,00) =0fori=1,2. 3.

equilibrium.
Other policy designs can yield the efficient choices as a Nash equilibrium as well (see Segerson
1988, Spraggon 2002, Kotchen & Segerson 2018). These include:

1. An ambient tax on water pollution above a threshold level y, given by 7; = 7 - [y(x,22) — j]
when y(x1,x,) > 7 (and zero otherwise), where 0 < § < § and  is the prepolicy level;?

2. A proportional subsidy when water pollution is below a given threshold 7, given by T; =
—s - [j — y(a1,x2)], when y(x1,x,) < 7 (and zero otherwise), where y* < j < ;!6 and

“Note that more generally the reward or payment can be based on a chosen aggregator function that differs
from the production function y(xy, x7), as, for example, under a payment scheme where members of a group
receive payments only if all members take a desired action (e.g., plant a given crop), implying use of a weakest-
link aggregator function in the policy design, even when the total environmental outcome, i.e., the actual
production function, depends on the summation of individual actions (e.g., total acreage planted).

15 One possibility is to set 7 = y*. This specification has a number of advantages (see Kotchen & Segerson
2018).

16 Alternatively, the subsidy can be paid when ambient pollution is below y*, i.e., with 7 = y*, if it is coupled
with an additional fixed subsidy payment (Spraggon 2002).
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3. A combined tax/subsidy policy given by T; = © - [y(x1,x2) — j], under which individuals pay
a proportional tax when ambient pollution exceeds 7 and receive a proportional subsidy
when it is below y.

Note that, regardless of the form of the aggregator function for y, the threshold j > 0 creates a
threshold public good (or bad), where costs or benefits for the group as a whole are realized only
when group performance reaches that threshold.!”” Nonetheless, all of these policies can avoid
free-rider incentives and thereby lead to a cooperative outcome by setting the appropriate tax or
subsidy rates. These policies can also induce efficient behavior when used as regulatory threats.
For example, Segerson & Wu (2006) show that efficient abatement can be induced voluntarily if
ambient taxes are not imposed initially but used as a regulatory threat for failure to meet a given
water quality standard. Moreover, in related work, Suter et al. (2010) show that the resulting Nash
equilibrium is unique if the threat is set endogenously based on group performance under the
voluntary action.

Under all of the abovementioned policies, the magnitudes of the rewards or punishments
change proportionately with changes in group performance. However, efficient behavior can also
emerge from a group incentive under which each group member is rewarded or punished based
on whether overall group performance exceeds or falls short of a given threshold, where the as-
sociated reward/punishment is fixed, i.e., does not vary proportionately with performance. In the
case of a group penalty, 7; = T when y(x, %) > 7 (and zero otherwise), where 7" > 0 is the fixed
penalty faced by all members of the group. Under a group reward (or bonus or subsidy), 7; = —S
when y(x1,x,) < j (and zero otherwise), where S > 0 is the fixed reward (Meran & Schwalbe 1987,
Segerson 1988, Spraggon 2002). These policies are equivalent to the forcing contracts considered
by Holmstrom (1982) and Nalbantian & Schotter (1997). Although they can be applied in con-
texts like nonpoint pollution where only group performance is observable, they can also represent
policies that impose collective quotas or a performance standard on a group of firms even though
individual choices can be observed. One example is when a regulator threatens imposition of a
firm-level tax or costly regulation on the entire industry if it fails to self-regulate and thereby ade-
quately control emissions voluntarily (Dawson & Segerson 2008).!8 In this case, the penalty is the
imposition of the costly policy when group performance is inadequate. Another example of this
type of policy is group-level quotas on fishery harvest or on fleet-level or cooperative-level by-
catch (Deacon et al. 2008, 2013; Abbott & Wilen 2009; Holland & Wiersma 2010; Deacon 2012;
Abbott et al. 2015; Chan & Pan 2016; Zhou & Segerson 2016; Holland 2018). Under collective
quotas, once the cap is reached, the fishery is typically closed for the remainder of the season (or
the members of the collective can no longer fish),!” which imposes a fixed cost (in the form of lost
profit) on those fishing vessels. The use of collective quotas has been justified based on the view

17 A key difference between this scenario and the standard scenario for contributions to a threshold public good
relates to refundability. In the standard contribution context, contributions can be refunded if the threshold
is not met. However, in the context here, contributions (in the form of pollution abatement effort) are sunk
once they are made and the associated costs cannot be refunded.

18Dawson & Segerson (2008) show that industry-wide regulatory threats can yield an equilibrium in which
some subset of firms ensures that the performance needed to thwart the threat is achieved, despite the free-
riding of other firms. For similar results in the context of financial disclosures, see Suijs & Wielhouwer (2019).
19 Alternatively, if groups can purchase additional quota once the limit is reached (see, e.g., Stewart & Leaver
2016), then this policy operates like a proportional tax above a given baseline determined by the collective cap.
This type of policy approach is analyzed by Zhou & Segerson (2016).
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that they promote risk pooling/sharing (Holland 2010, 2018; Deacon 2012; Holland & Jannot

2012) and can foster cooperation that can address within-group externalities.2’

5.3. Issues in Policy Design

Despite the ability of group incentives to generate efficient Nash equilibria, the literature has
recognized a number of issues that need to be considered when designing group incentives.

5.3.1. Role of uncertainty. In many cases, the relationship between individual inputs and group
performance depends on stochastic factors such as weather or market shocks. In this case, the gen-
eral aggregator function takes the form y = y(x1, x,, €), where ¢ is a random variable (or a vector of
random variables). This could reflect uncertainty regarding individual productivity [as, for exam-
ple, if y = y1 (21, £1) + y2 (%2, £2)], or it could reflect uncertainty about how group effort translates
into group performance [e.g., y = y(x; + x2, €)]. Using weather as an example, the former could
arise when weather and land characteristics affect how much of the fertilizer applied by a given
farmer runs off into a nearby stream, while the latter would arise if weather and local conditions
in the stream affect how total fertilizer loadings affect its water quality. In either case, individ-
uals cannot fully control their performance (including whether a given target 7 is met) through
their choices. This can have implications for the design of efficient group incentives. For example,
although the presence of uncertainty does not necessarily change the optimal design of a pro-
portional ambient tax/subsidy policy (Segerson 1988), it changes the optimal tax rate under an
ambient tax policy that includes a baseline j. It also complicates the policy design if individuals
make multiple decisions that can affect group performance and the impact of group performance
(e.g., the external damage that results) is strictly convex, or if firms are risk averse (Horan et al.
1998, 2002). In this case, efficiency can be achieved by using a state-dependent tax rate equal to
marginal damages or a nonlinear tax based on total damages (Hansen 1998, Horan et al. 1998,
Suter et al. 2008). Efficiency can also be impacted by imperfect information or asymmetric beliefs
(Cabe & Herriges 1992).

Moreover, as noted above, uncertainty raises the possibility that pooling individual quotas (ef-
fectively creating a group limit or risk pools) would be advantageous (Mrozek & Keeler 2004;
Holland 2010, 2018; Holland & Jannot 2012). However, risk pooling will not necessarily reduce
the probability of exceeding limits. For example, Zhou & Segerson (2016) show that, depending
on the underlying distributions of the random factors and the magnitudes of the limits, it is possi-
ble that the probability that a group exceeds its collective limit can be greater than the probability
that an individual limit would be exceeded.

5.3.2. Budget-balancing and entry/exit incentives. A key feature of the group incentive
schemes discussed above is that they are typically not budget-balancing; i.e., the total penalties
(or rewards) paid (or received) by the group do not generally equal the external cost (or benefit)
of their collective actions (see Xepapadeas 2011).2! Moreover, they can entail high costs for the
group members (for penalty-based schemes) or for regulators (for subsidy-based schemes), which

20T hese can include both congestion externalities and market externalities arising from price responses to the
timing of supply. However, the use of collective rather than individual quotas can also create a race to fish as
vessels compete for shares of the limited quota that is collectively available. See, e.g., Abbott & Wilen (2009).
2 Holmstrom (1982) identified budget balancing as a key consideration in the design of incentives for efficient
team production in firms. He showed that breaking the budget-balancing constraint was key to being able to
design compensation schemes that provide efficient incentives, arguing that this need provides a rationale for
the role of firm owners or managers.
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can affect not only the political feasibility of these schemes but also entry/exit incentives. However,
§ can be adjusted to reduce these costs and under some schemes even yield an outcome where no
payments are made or received in equilibrium (or on average, if there is uncertainty) (Segerson
1988, Kotchen & Segerson 2018). Alternatively, costs can be reduced (and efficiency achieved with
a balanced budget) through a scheme under which penalties are imposed on a randomly chosen
group member (rather than on all group members), at least if group members are sufficiently risk
averse (Xepapadeas 1991, Herriges et al. 1994).

5.3.3. Incentives for collusion and the importance of within-group decision-making rules.
The efficiency properties of the group incentive schemes discussed above assume Nash behavior,
where group members individually choose actions that maximize their own payoffs. However,
some of these schemes are not collusion-proof; i.e., they create incentives for group members to
work together and collude (typically overabate) to raise the payoffs for all members of the group
(by reducing their penalties or increasing their rewards). This can arise under policies that involve
subsidies (Hansen 1998, Spraggon 2002) but also arises under a tax policy that is efficient (under
Nash behavior) but that in equilibrium entails positive tax payments (Suter et al. 2008).

Of course, the problem with collusion arises when the incentive scheme is derived under a
behavioral assumption (Nash behavior) that turns out to be incorrect once the scheme is put in
place. This highlights the importance of understanding the decision-making environment when
designing the group incentive scheme. If it is known that members within the group make deci-
sions collectively (based on joint payoffs), then the incentive scheme can be adjusted accordingly
to ensure efficient decisions in this decision environment (Zhou & Segerson 2016, Kotchen &
Segerson 2018). Alternatively, a scheme that is both efficient under Nash behavior and collusion-
proof can be used, such as a proportional tax policy with a baseline y set at the efficient group
performance level y* or a fixed group penalty (Spraggon, 2002). Under either of these schemes,
in a Nash equilibrium tax payments are zero and therefore group members have no incentive to
collude to reduce those payments.

5.3.4. Existence of multiple equilibria. Although the group incentive schemes discussed above
induce efficient behavior as a Nash equilibrium, in some cases that equilibrium is not unique. This
is particularly true for schemes based on fixed penalties (or rewards) but can also arise with propor-
tional subsidies. These policies effectively create a threshold public good and generate something
similar to an assurance problem.?? In addition to the efficient equilibrium, no contribution (or
no abatement) can also be a Nash equilibrium. Moreover, even when the threshold level is met
in equilibrium, it is possible for it to be met in an infinite number of ways, as when there are an
infinite number of combinations of inputs that yield y and still generate a net gain for all group
members (Sandler 2015). This implies that, even though the target is met and in this sense there
is no underprovision of the public good, there could still be an inefficiency because the contri-
butions would not necessarily be distributed efficiently across group members (Segerson & Wu
2006, Dawson & Segerson 2008, Suter et al. 2010, Kotchen & Segerson 2018).

5.3.5. Within-group externalities. The original collective action literature (e.g., Olson 1965,
Ostrom 1990, Ostrom et al. 1994) focused on problems where the interdependence of payoffs
stemmed from the nature of the problem itself (e.g., the existence of a pure public good or

22However, a key distinction between a threshold public good and an assurance or standard coordination game
is that in the former, as long as others step up to ensure provision of the good, there is no incentive for an
individual to also do so.
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a common property resource) rather than on a policy-induced interdependence created by
the imposition of a group incentive scheme. In this case, the group as a whole benefits from
self-regulation, even if self-regulation is not an equilibrium outcome. Moreover, the use of a
group incentive adds a second collective action problem to the preexisting one that stems from
within-group externalities. For example, a fishery that is a common property resource will face the
usual within-group externalities (e.g., from congestion, stock, or price effects) and thereby face a
collective action problem even in the absence of any externally imposed regulatory action (assum-
ing Nash behavior). If in addition a regulator imposes a group incentive such as a fleet-wide total
allowable catch or bycatch limit, this adds an additional dimension to the collective action prob-
lem that should be considered in the design of an efficient group incentive scheme and highlights
the importance of understanding within-group decision making when designing group incentives
(Zhou & Segerson 2016).

5.3.6. Dynamics and stock pollutants. The literature discussed above focuses on static prob-
lems (or one-shot games). Dynamics can arise, for example, when group performance involves a
stock variable such as a stock pollutant (Xepapadeas 1992) or when the regulator can adjust the
group incentive scheme over time in response to group performance (Karp 2005). In general, with
appropriate adjustments, the group incentives discussed above can be efficiently applied in these
contexts as well.

6. GROUP INCENTIVES IN ENVIRONMENTAL AND NATURAL
RESOURCE ECONOMICS: EMPIRICAL LITERATURE

As noted in Section 1, there is considerable empirical literature regarding employee compensa-
tion showing that group incentive schemes can have positive impacts on labor productivity and
firm performance (e.g., Nalbantian & Schotter 1997, Bloom & Van Reenen 2011, Friebel et al.
2017). A literature on the performance of group incentives in environmental and natural resource
management contexts has emerged mainly over the last two decades. Although there have been
some field experiments and observational studies, much of what is known about the efficiency and
effectiveness of group incentives for environmental and natural resource management comes from
lab experiments, which allow researchers to test alternative incentive schemes more easily.

6.1. Laboratory and Field Experiments

Much of the experimental literature on the use of group incentives has been motivated by an
interest in ambient-based group policies to control nonpoint source pollution (for surveys, see
Shortle & Horan 2001, 2013; Xepapadeas 2011; Giordana & Willinger 2013). Most of these
studies involve laboratory experiments that use students as subjects.?® In general, the results
of these lab experiments have been consistent with the predictions of the theory (Giordana &
Willinger 2013). An early paper by Spraggon (2002) and subsequent literature (e.g., Alpizar
et al. 2004, Cochard et al. 2005, Suter et al. 2008, Cason & Gangadharan 2013, Suter & Vossler
2014, Miao et al. 2016, Palm-Forster et al. 2019) suggest that ambient-based policies can be not
only effective but also efficient, at least in the aggregate. Those based on proportional taxes (by
themselves or in combination with proportional subsidies) tend to perform better than schemes

23In addition, most (but not all) assume that the direct benefits of environmental or resource use improvements
do not go to members of the group but rather to third parties. In other words, absent the incentive scheme,
there are no within-group externalities associated with the behavior of interest. Exceptions to this are discussed
by Cochard etal. (2005), Narloch etal. (2012), Midler et al. (2015), Kaczan etal. (2017),and Moros etal. (2019).
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with fixed penalties or rewards (where there are multiple equilibria and efficient behavior is
not a dominant strategy), although even when thresholds are met, some amount of free-riding
(underabatement by some) often still occurs (Spraggon 2002).

The experimental literature also shows that the efficiency of these schemes can be increased
through the use of social nudges (Wu et al. 2021) or direct communication to increase the like-
lihood of cooperation (e.g., Poe et al. 2004, Vossler et al. 2006, Suter et al. 2008). However, for
some schemes, communication can also increase incentives for collusion, which can in turn re-
duce efficiency (through overabatement) (Poe et al. 2004, Vossler et al. 2006). This occurs when
there is some chance of improving private payoffs through collusion, as, for example, with pro-
portional subsidies (Hansen 1998) or with fixed fines in the presence of uncertainty (Vossler et al.
2006) or fixed or proportional taxes when the threshold is not set at the efficient level (Suter et al.
2008). In contrast, in the absence of uncertainty, a pure tax mechanism with a threshold set at the
socially efficient level yields efficient outcomes under both noncooperative and cooperative (col-
lusive) behavior (Suter et al. 2008, 2010). Thus, depending on the policy design, communication
can lead to coordinating on either a good equilibrium or a bad equilibrium. The literature has also
examined the role of other factors that might affect efficiency, such as cost and spatial heterogene-
ity (Spraggon 2004, 2013; Suter et al. 2009; Cason & Gangadharan 2013; Miao et al. 2016), risk
preferences (Camacho-Cuena & Requate 2012), and the provision of detailed information about
marginal incentives and payoffs (Spraggon & Oxoby 2010).

As noted, the studies discussed above rely on experiments conducted in laboratories using stu-
dents as subjects. Although less numerous, other studies have conducted “lab in the field” con-
trolled experiments of policy impacts where the subjects are individuals in the relevant field (e.g.,
farmers or miners). The majority of these studies test the impact of collective payments for the
provision of ecosystem services and thus focus on collective rewards rather than collective penal-
ties.”* Study populations in these experiments include farmers in the United States, Ethiopia, Peru,
Bolivia, Colombia, and Tanzania (Taylor et al. 2004, Reichhuber et al. 2009, Collins & Maille
2011, Narloch et al. 2012, Suter & Vossler 2014, Midler et al. 2015, Kaczan et al. 2019, Moros
etal. 2019), coffee mill operators in Costa Rica (Alpizar et al. 2004), artisan gold miners in Colom-
bia (Saldarriaga-Isaza et al. 2015; Rodriguez et al. 2019, 2021), participants of a PES program in
Mexico (Kaczan et al. 2017), local villagers in Cambodia, Mexico, Tanzania, and Uganda (Travers
etal. 2011, Kerr et al. 2012, Gatiso et al. 2018), and forest users across a range of other developing
countries (Andersson et al. 2018). The results are generally consistent with those from the studies
described above, showing that group incentives can be effective in inducing (more) efficient behav-
ior?* but that coordination can be difficult with fixed rewards and proportional subsidies can lead
to collusion (e.g., Reichhuber et al. 2009; Kaczan et al. 2017; Rodriguez et al. 2019, 2021). More-
over, studies show that building trust (e.g., by starting with schemes that are less stringent so that
cooperation is easier to achieve) as well as having strong internal governance and leadership, a say
in the incentive design, and open communication channels can improve the performance of group
incentives (Reichhuber et al. 2009; Travers et al. 2011; Narloch et al. 2012; Kaczan et al. 2017;
Andersson et al. 2018; Rodriguez et al. 2019, 2021). In contexts where group members might have
an incentive to contribute even in the absence of an externally imposed incentive mechanism (e.g.,

4Exceptions include Reichhuber et al. (2009), Suter & Vossler (2014), and Alpizar et al. (2004), all of whom
test incentive schemes originally developed in the context of nonpoint pollution. Kaczan et al. (2017) also
include a group fine in their scheme, but the group also shares the total group contributions.

25While many experimental studies test incentive schemes that, in theory, can induce first-best outcomes, some
field experiments do not. Because of this, the analysis focuses on the effectiveness of the scheme in improving
environmental behavior rather than its efficiency. See, e.g., Narloch et al. 2012), Midler et al. (2015), Kaczan
etal. (2017), and Moros et al. (2019).
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due to within-group externalities or altruism), studies have also found mixed evidence regarding
whether external imposition of group-based policies affects intrinsic motivations and hence either
crowds-in or crowds-out baseline contributions (Narloch et al. 2012, Midler et al. 2015, Rode et al.
2015, Kaczan et al. 2017, Ezzine-de-Blas et al. 2019, Kaczan et al. 2019, Moros et al. 2019).

6.2. Observational Studies

There is an extensive literature on circumstances under which groups are able to solve common
property problems or manage collective rights that have been allocated to a group such as a fishing
cooperative or village (e.g., Ostrom 1990, Ostrom et al. 1994, Townsend et al. 2008, Gutiérrez et al.
2011, McCay et al. 2014, Holland 2018). Much of this literature draws on case studies (rather than
statistical analysis), and draws on the design principles for effective collective action developed by
Ostrom (1990). It shows that comanagement based on exclusive community rights (that can be
established and, if necessary, enforced externally) can lead to effective collective action. Moreover,
consistent with some of the experimental literature discussed above, strong social capital, lead-
ership and community engagement, and traditions or histories of cooperation and trust are also
important contributors to success (Gutiérrez et al. 2011, Holland et al. 2013, McCay et al. 2014).

Although case studies provide important insight into factors that contribute to effective col-
lective management, most do not include statistical analysis of the impact of externally imposed
group incentive schemes. There have been a limited number of studies that seek to identify these
impacts explicitly and, to the extent possible, determine their magnitude. These primarily study
contexts where the group incentive scheme explicitly or implicitly involves fixed rewards or penal-
ties (rather than proportional taxes and/or subsidies). In the context of fisheries, these studies
examine the impact of moving to a management system based on collective quotas, where the col-
lective penalty takes the form of closure of the fishery if the group exceeds the quota. For example,
consistent with the results of the case studies, Abbott et al. (2015) show that allocating quota to
cooperatives (rather than setting a fleet-wide limit) in a North Pacific trawl fishery creates greater
incentives for vessel owners to manage harvest and bycatch effectively. Several studies have ex-
amined the impact of collective rights on the efficiency of production, defined in terms of either
technical efficiency (Felthoven 2002, Estrada et al. 2017, Huang et al. 2018) or efficiency gains
from effort reallocations within the group (Deacon et al. 2008, 2013).

Observational studies of the impact of real-world collective incentive schemes have also been
conducted in the context of PES programs, where payment is conditional on the collective perfor-
mance of some group (for a recent survey, see Hayes et al. 2019). In many cases, the paying agency
contracts with a community or village that collectively manages land, and the resulting compen-
sation (either monetary or in-kind) is made to the community rather than to individuals within
it (and the community then decides how to use the compensation or distribute it to group mem-
bers).?® Contexts that have been studied include payments for reduced deforestation (to promote
hydrological services, biodiversity, and/or carbon sequestration) in Mexico (e.g., Alix-Garcia et al.
2012, Costedoat et al. 2015), shared grazing land in Ecuador (Hayes et al. 2015), conservation-
related initiatives and land uses in Japan (Ito et al. 2018) and the Andes (Narloch et al. 2017),
and wildlife conservation in Sweden (Zabel et al. 2014). Again, the results generally confirm the
theory, suggesting that group incentives can effectively incentivize proenvironmental behavior,
particularly in contexts where local governance is strong. Moreover, the results suggest that the

26Several studies have used choice experiments to elicit preferences over payment options, including payments
to individuals versus payments to the group. See, e.g., Kuhfuss et al. (2016), Kerr et al. (2012), Kaczan et al.
(2013), and Costedoat et al. (2016).
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relationship between collective PES programs and local governance may be reciprocal; i.e., good
local governance can increase the likelihood that a group incentive will be effective while at the
same time the use of group incentives can create incentives for the development of good local
governance (Hayes et al. 2019).

Finally, a limited number of observational studies have examined the impact of collective re-
wards or punishments in the context of industry-wide voluntary approaches, where a collective
gain from group performance might result from a corresponding reputational gain for all firms
within the industry while a collective penalty might be an industry-wide regulatory threat. This is
a context in which within-group coordination or collaboration is less likely, except, for example,
when there is a strong industry trade group that can monitor and sanction its members. Thus, it is
not surprising that there is evidence of free-riding in this context (see discussion in Segerson 2017).
However, there is also evidence that group incentives can be effective in this context, presumably
because the benefits of an industry-wide reputational gain or the avoidance of industry-wide regu-
lation are sufficiently large for some firms that they are willing to ensure compliance with a broad
target despite the free-riding of other firms (e.g., Lenox 2006, Brouhle et al. 2009).

7. CONCLUDING COMMENTS

Group incentives are frequently used in a variety of contexts. For example, they have been shown
to increase productivity and firm profits when used for employee compensation in the workplace.
Analogous incentive schemes can and in some cases have been used to address a range of envi-
ronmental and resource problems, including agricultural pollution, PES, fisheries management,
and voluntary programs to reduce air and water pollution. These schemes base individual penal-
ties and/or rewards (e.g., taxes or subsidies/payments) on the performance of an entire group of
individuals (e.g., farmers, landowners, firms) who contribute to the environmental or resource
degradation problem. In doing so, they create a collective action problem for members of the
group, whereby group performance effectively becomes a public good for the group. The key
challenge is then to design the associated penalties and/or rewards to avoid potential free-riding
that can arise in collective action settings and instead enhance the group’s performance.

The general economics literature on team incentives and public goods, as well as the litera-
ture specifically on environmental and natural resource management, provides insights into how
group incentives can be designed and their likely effectiveness and efficiency. This literature sug-
gests that either proportional schemes (under which rewards/penalties vary proportionately with
performance) or fixed payment schemes (under which fixed rewards/penalties are realized only
when performance crosses a threshold) can in theory provide incentives for efficient behavior
(cooperation) to emerge as a Nash equilibrium. However, the empirical literature shows that, al-
though these schemes can be effective and even efficient, in practice the outcomes under group
incentives will depend on a combination of the policy design and the nature of the internal group
interactions (reflecting the levels of, for example, trust, social capital, and leadership). Within-
group interactions are likely to be particularly important when policies involve thresholds that
can generate multiple equilibria so that coordination is needed to reach the cooperative equilib-
rium. More generally, as noted by Hayes et al. (2019) in the context of collective PES programs,
the relationship between the effectiveness of group incentives and local governance is likely to be
reciprocal, with each reinforcing the other.

DISCLOSURE STATEMENT

The author is not aware of any affiliations, memberships, funding, or financial holdings that might
be perceived as affecting the objectivity of this review.

www.annualreviews.org o Group Incentive Policies

7-17



Annu. Rev. Resour. Econ. 2022.14. Downloaded from www.annualreviews.org

by Kathleen Segerson on 06/24/22. For personal use only.

RE14CHO7_Segerson

ARjats.cls  April 18,2022 16:48

LITERATURE CITED

Abbott JK, Haynie AC, Reimer MN. 2015. Hidden flexibility: institutions, incentives, and the margins of
selectivity in fishing. Land Econ. 91(1):169-95

Abbott JK, Wilen JE. 2009. Regulation of fisheries bycatch with common-pool output quotas. 7. Environ. Econ.
Manag. 57(2):195-204

Akerlof GA, Kranton RE. 2000. Economics and identity. Q. 7. Econ. 105(3):715-53

Akerlof GA, Kranton RE. 2005. Identity and the economics of organizations. 7. Econ. Perspect. 19(1):9-32

Alix-Garcia JM, Shapiro EN, Sims KRE. 2012. Forest conservation and slippage: evidence from Mexico’s
national payments for ecosystem services program. Land Econ. 88(4):613-38

Alpizar A, Requate T, Schram A. 2004. Collective versus random fining: an experimental study on controlling
ambient pollution. Environ. Resour. Econ. 29:231-52

Andersson KP, Cook NJ, Grillos T, Lopez MC, Salk CF, Wright GD, Mwangi E. 2018. Experimental evidence
on payments for forest commons conservation. Nat. Sustain. 1:128-35

Armendariz B, Morduch J. 2005. The Economics of Microfinance. Cambridge, MA: MIT Press

Babcock P, Bedard K, Charness G, Hartman J, Royer H. 2015. Letting down the team? Social effects of team
incentives. 7. Eur. Econ. Assoc. 13(5):841-70

Bagnoli M, Lipman BL. 1989. Provision of public goods: fully implementing the core through private contri-
butions. Rev. Econ. Stud. 56(4):583-601

Bagnoli M, Lipman BL. 1992. Private provision of public goods can be efficient. Public Choice 74(1):59-78

Bagnoli M, McKee M. 1991. Voluntary contribution games: efficient private provision of public goods. Econ.
Ing. 29:351-66

Balmford B, Bateman I, Day B, Smith G. 2021. Incentivizing efficient effort with minimal monitoring costs. Work.
Pap., Land Environ. Econ. Policy Inst., Univ. Exeter, UK

Bloom N, Van Reenen J. 2011. Human resource management and productivity. In Handbook of Labor Economics,
Vol. 4 (Part B), ed. D Card, A Ashenfelter, pp. 1697-767. Amsterdam: Elsevier

Borck JC, Coglianese C. 2009. Voluntary environmental programs: assessing their effectiveness. Anmnu. Rev.
Environ. Resour. 43:305-24

Bougherara D, Denant-Boemont L, Masclet D. 2011. Cooperation and framing effects in provision point
mechanisms: experimental evidence. Ecol. Econ. 70:1200-10

Brouhle K, Griffiths C, Wolverton A. 2009. Evaluating the role of EPA policy levers: an examination of a
voluntary program and regulatory threat in the metal-finishing industry. 7. Environ. Econ. Manag. 57:166—
81

Cabe R, Herriges JA. 1992. The regulation of non-point source pollution under imperfect and asymmetric
information. 7. Environ. Econ. Manag. 22:134-46

Cachon GP, Camerer CF. 1996. Loss-avoidance and forward induction in experimental coordination games.
Q. 7. Econ. 111:165-94

Camacho-Cuena E, Requate T. 2012. The regulation of non-point source pollution and risk preferences: an
experimental approach. Ecol. Econ. 73:179-87

Camera G, Hohl L. 2021. Group-identity and long-run cooperation: an experiment. 7. Econ. Behav. Organ.
188:903-15

Cason TN, Gangadharan L. 2013. Empowering neighbors versus imposing regulations: an experimental anal-
ysis of pollution reduction schemes. 7. Environ. Econ. Manag. 65:469-84

Cason TN, Lau SP, Mui V. 2019. Prior interaction, identity, and cooperation in the inter-group prisoner’s
dilemma. 7. Econ. Behav. Organ. 166:613-29

Castaiier X, Oliveira N. 2020. Collaboration, coordination, and cooperation among organizations: establishing
the distinctive meanings of these terms through a systematic literature review. 7. Manag. 46(6):965-1001

Chan HL, Pan M. 2016. Spillover effects of environmental regulation for sea turtle protection in the Hawaii
longline swordfish fishery. Mar. Resour: Econ. 31(3):259-79

Charness G, Cobo-Reyes R, Jiménez N. 2014. Identities, selection, and contributions in a public-goods game.
Games Econ. Bebav. 87:322-38

Charness G, Sutter M. 2012. Groups make better self-interested decisions. 7. Econ. Perspect. 26(3):157-76

Che Y, Yoo S. 2001. Optimal incentives for teams. Anz. Econ. Rev. 91(3):525-41

Segerson



Annu. Rev. Resour. Econ. 2022.14. Downloaded from www.annualreviews.org

by Kathleen Segerson on 06/24/22. For personal use only.

RE14CHO7_Segerson  ARjats.cls ~ April 18,2022 16:48

Cochard F, Willinger M, Xepapadeas A. 2005. Efficiency of nonpoint source pollution instruments: an exper-
imental study. Environ. Resour. Econ. 30:393-422

Collins AR, Maille P.2011. Group decision-making theory and behavior under performance-based water qual-
ity payments. Fcol. FEcon. 70:806-12

Connelly BL, Tihanyi L, Crook TR, Gangloff KA. 2014. Tournament theory: thirty years of contests and
competition. 7. Manag. 40(1):16-47

Cornes R. 1993. Dyke maintenance and other stories: some neglected types of public goods. Q. 7. Econ.
108(1):259-71

Cornes R, Sandler T. 1996. The Theory of Externalities, Public Goods and Club Goods. Cambridge, UK: Cambridge
Univ. Press

Costedoat S, Corbera E, Ezzine-de-Blas D, Honey-Roses J, Baylis K, Castillo-Santiago MA. 2015. How ef-
fective are biodiversity conservation payments in Mexico? PLOS ONE 10(3):¢0119881

Costedoat S, Koetse M, Corbera E, Ezzine-de-Blas D. 2016. Cash only? Unveiling preferences for a PES
contract through a choice experiment in Chiapas, Mexico. Land Use Policy 58:302-17

Dawson NL, Segerson K. 2008. Voluntary agreements with industries: participation incentives with industry-
wide targets. Land Econ. 84(1):97-114

Deacon RT. 2012. Fishery management by harvester cooperatives. Rev. Environ. Econ. Policy 6(2):258-77

Deacon RT, Parker DP, Costello C. 2008. Improving efficiency by assigning harvest rights to fishery cooper-
atives: evidence from the Chignik salmon co-op. Ariz. Law Rev. 50:479-509

Deacon RT, Parker DP, Costello C. 2013. Reforming fisheries: lessons from a self-selected cooperative.
7 Law Econ. 56(1):83-125

Dijkstra BR, Riibbelke DTG. 2013. Group rewards and individual sanctions in environmental policy. Resour:
Energy Econ. 35(1):38-59

Dixit A, Olson M. 2000. Does voluntary participation undermine the Coase Theorem? 7 Public Econ.
76(3):309-35

Engel S. 2016. The devil in the detail: a practical guide on designing payments for environmental services. Inz.
Rev. Environ. Resour. Econ. 9:131-77

Esteban J, Ray D. 2001. Collective action and the group size paradox. Amz. Political Sci. Rev. 95(3):663-72

Estrada GAC, Suazo MAQ, Cid JDD. 2017. The effect of collective rights-based management on technical
efficiency: the case of Chile’s common sardine and anchovy fishery. Mar. Resour: Econ. 33(1):87-112

Ezzine-de-Blas D, Corbera E, Lapeyre R. 2019. Payments for environmental services and motivation crowd-
ing: towards a conceptual framework. Ecol. Econ. 156:434-43

Felthoven RG. 2002. Effects of the American Fisheries Act on capacity, utilization, and technical efficiency.
Mar. Resour. Econ. 17(3):181-205

Feltovich N, Iwasaki A, Oda SH. 2012. Payoff levels, loss avoidance, and equilibrium selection in games with
multiple equilibria: an experimental study. Econ. Ing. 50(4):932-52

Friebel G, Heinz M, Krueger M, Zubanov N. 2017. Team incentives and performance: evidence from a retail
chain. Am. Econ. Rev. 107(8):2168-203

Gatiso T'T, Vollan B, Vimal R, Kiihl HS. 2018. If possible, incentivize individuals not groups: Evidence from
lab-in-the-field experiments on forest conservation in rural Uganda. Conserv. Lett. 11(1):e12387

Giné X, Karlan DS. 2014. Group versus individual liability: short and long term evidence from Philippine
microcredit lending groups. 7. Dev. Econ. 107:65-83

Giordana G, Willinger M. 2013. Regulatory instruments for monitoring ambient pollution. In Handbook
on Experimental Economics and the Environment, ed. JA List, MK Price, pp. 193-232. Cheltenham, UK:
Edward Elgar

Gutiérrez NL, Hilborn R, Defeo O. 2011. Leadership, social capital and incentives promote successful fish-
eries. Nature 470:386-89

Hansen LG. 1998. A damage based tax mechanism for regulation of non-point emissions. Environ. Resour. Econ.
12(1):99-112

Hansen RS. 2006. Benefits and problems with student teams: suggestions for improving team projects. 7. Educ.
Bus. 82(1):11-19

Hayes T, Grillos T, Bremer LL, Murtinho F, Shapiro E. 2019. Collective PES: more than the sum of individual
incentives. Environ. Sci. Policy 102:1-8

www.annualreviews.org o Group Incentive Policies

7-19



Annu. Rev. Resour. Econ. 2022.14. Downloaded from www.annualreviews.org

by Kathleen Segerson on 06/24/22. For personal use only.

RE14CHO7_Segerson

ARjats.cls  April 18,2022 16:48

7.20

Hayes T, Murtinho F, Wolff H. 2015. An institutional analysis of payments for environmental services on
collectively managed land in Ecuador. Ecol. Econ. 118:81-89

Healy PJ, Jain R. 2017. Generalized Groves-Ledyard mechanisms. Games Econ. Bebav. 101:204-17

Herriges JA, Govindasamy R, Shogren JF. 1994. Budget-balancing incentive mechanisms. 7. Environ. Econ.
Manag. 27(3):275-85

Hirshleifer J. 1983. From weakest-link to best-shot: the voluntary provision of public goods. Public Choice
41(3):371-86

Holland DS. 2010. Markets, pooling and insurance for managing bycatch in fisheries. Ecol. Econ. 70(1):121-33

Holland DS. 2018. Collective rights-based fishery management: a path to ecosystem-based fishery manage-
ment. Annu. Rev. Resour. Econ. 10:469-85

Holland DS, Jannot JE. 2012. Bycatch risk pools for the US west coast groundfish fishery. Ecol. Econ. 78:132-47

Holland DS, Kitts AW, Pinto Da Silva P, Wiersma J. 2013. Social capital and the success of harvest cooperatives
in the New England groundfish fishery. Mar: Resour. Econ. 28(2):133-53

Holland DS, Wiersma J. 2010. Free form property rights for fisheries: the decentralized design of rights-based
management through groundfish “sectors” in New England. Mar: Policy 34(5):1076-81

Holmstrom B. 1982. Moral hazard in teams. Bell 7. Econ. 13(2):324-40

Horan RD, Shortle JS, Abler DG. 1998. Ambient taxes when polluters have multiple choices. 7. Environ. Econ.
Manag. 36(2):186-99

Horan RD, Shortle JS, Abler DG. 2002. Ambient taxes under 7-dimensional choice sets, heterogeneous ex-
pectations, and risk-aversion. Environ. Resour. Econ. 21:189-202

Huang L, Ray S, Segerson K, Walden J. 2018. Impact of collective rights-based fisheries management: evidence
from the New England groundfish fishery. Mar. Resour. Econ. 33(2):177-201

Isaac RM, Schmidtz D, Walker JM. 1989. The assurance problem in a laboratory market. Public Choice 62:217—
36

Isaac RM, Walker JM. 1988. Group size effects in public goods provision: the voluntary contributions mech-
anism. Q. 7. Econ. 103(1):179-99

ItoJ, Feuer HN, Kitano S, Komiyama M. 2018. A policy evaluation of the direct payment scheme for collective
stewardship of common property resources in Japan. Ecol. Econ. 152:141-51

Kaczan D, Pfaff A, Rodrigues L, Shapiro-Carza. 2017. Increasing the impact of collective incentives in pay-
ments for ecosystem services. 7. Environ. Econ. Manag. 86:48-67

Kaczan DJ, Swallow BM, Adamowicz WL. 2013. Designing a payments for ecosystem services (PES) program
to reduce deforestation in Tanzania: an assessment of payment approaches. Ecol. Econ. 95:20-30

Kaczan DJ, Swallow BM, Adamowicz WL. 2019. Forest conservation policy and motivational crowding: ex-
perimental evidence from Tanzania. Ecol. Econ. 156:444-53

Karp L. 2005. Nonpoint source pollution taxes and excessive tax burden. Environ. Resour: Econ. 31:229-51

Kerr J, Vardhan M, Jindal R. 2012. Prosocial behavior and incentives: evidence from field experiments in rural
Mexico and Tanzania. Ecol. Econ. 73:220-27

Kerr JM, Vardhan M, Jindal R. 2014. Incentives, conditionality and collective action in payment for environ-
mental services. Int. J. Commons 8(2):595-616

Kotchen MJ. 2013. Voluntary- and information-based approaches to environmental management: a public
economics perspective. Rev. Environ. Econ. Policy 7(2):276-95

Kotchen M], Segerson K. 2018. On the use of group performance and rights for environmental protection
and resource management. PNAS 116(12):5285-92

Kotchen M], Segerson K. 2020. The use of group-level approaches to environmental and natural resource
policy. Rev. Environ. Econ. Policy 14(2):173-93

Kuhfuss L, Préget R, Thoyer S, Hanley N. 2016. Nudging farmers to enroll land into agri-environmental
schemes: the role of a collective bonus. Eur. Rev. Agric. Econ. 43(4):609-36

Lazear EP, Rosen S. 1981. Rank order tournaments as optimal labor contracts. 7. Political Econ. 89(5):841-64

Lenox MJ. 2006. The role of private decentralized institutions in sustaining industry self-regulation. Organ.
Sei. 17(6):677-90

McCay BJ, Micheli F, Ponce-Diaz G, Murray G, Shester G, et al. 2014. Cooperatives, concessions, and co-
management on the Pacific coast of Mexico. Mar: Policy 44:49-59

Segerson



Annu. Rev. Resour. Econ. 2022.14. Downloaded from www.annualreviews.org

by Kathleen Segerson on 06/24/22. For personal use only.

RE14CHO7_Segerson  ARjats.cls ~ April 18,2022 16:48

Meran G, Schwalbe U. 1987. Pollution control and collective penalties. 7. Inst. Theor: Econ. 143(4):616-29

Miao H, Fooks JR, Guilfoos T, Messer KD, Pradhanang SM, et al. 2016. The impact of information on
behavior under an ambient-based policy for regulating nonpoint source pollution. Water Resour. Res.
52(5):3294-308

Miceli TJ, Segerson K. 1991. Joint liability in torts: marginal and infra-marginal efficiency. Int. Rev. Law Econ.
11(3):235-49

Miceli TJ, Segerson K. 2007. Punishing the innocent along with the guilty: the economics of individual versus
group punishment. 7. Legal Stud. 36(1):81-106

Midler E, Pascual U, Drucker AG, Narloch U, Soto JL. 2015. Unraveling the effects of payments for ecosystem
services on motivations for collective actions. Ecol. Econ. 120:394-405

Moros L, Vélez MA, Corbera E. 2019. Payments for ecosystem services and motivational crowding in Colom-
bia’s Amazon piedmont. Ecol. Econ. 156:468-88

Mullins JT. 2018. Motivating emissions cleanup: absolute versus relative performance standards. 7. Environ.
Econ. Manag. 91:66-92

Mrozek JR, Keeler AG. 2004. Pooling of uncertainty: enforcing tradable permits regulation when emissions
are stochastic. Environ. Resour. Econ. 29(4):459-81

Nalbantian HR, Schotter A. 1997. Productivity under group incentives: an experimental study. Anz. Econ. Rev.
87(3):314-41

Narloch U, Drucker AG, Pascual U. 2017. What role for cooperation in conservation tenders? Paying farmer
groups in the high Andes. Land Use Policy 63:659-71

Narloch U, Pascual U, Drucker AG. 2012. Collective action dynamics under external rewards: experimental
insights from Andean farming communities. World Dev. 40(10):2096-107

Oliver PE. 1993. Formal models of collective action. Annu. Rev. Sociol. 19:271-300

Olson M. 1965. The Logic of Collective Action: Public Goods and the Theory of Groups. Cambridge, MA: Harvard
Univ. Press

Ostrom E. 1990. Governing the Commons: The Evolution of Institutions for Collective Action. Cambridge, UK:
Cambridge Univ. Press

Ostrom E. 2000. Collective action and the evolution of social norms. 7. Econ. Perspect. 14(3):137-58

Ostrom E, Gardner R, Walker J. 1994. Rules, Games and Common Pool Resources. Ann Arbor: Univ. Mich. Press

Palm-Forster LH, Suter JF, Messer KD. 2019. Experimental evidence on policy approaches that link agricul-
tural subsidies to water quality outcomes. Am. J. Agric. Econ. 101(1):109-33

Poe GL, Schulze WD, Segerson K, Suter JF, Vossler CA. 2004. Exploring the performance of ambient-based
policy instruments when nonpoint source polluters can cooperate. Am. 7. Agric. Econ. 86(5):1203-10

Potoski M, Prakash A. 2013. Green clubs: collective action and voluntary environmental programs. Annu Rev.
Political Sci. 16:399-419

Prendergast C. 1999. Provision of incentives in firms. 7. Econ. Lit. 37(1):7-63

Reichhuber A, Camacho E, Requate T. 2009. A framed field experiment on collective enforcement mechanisms
with Ethiopian farmers. Environ. Dev. Econ. 14:641-63

Rode J, Gémez-Baggethun E, Krause T. 2015. Motivation crowding by economic incentives in conservation
policy: a review of the empirical literature. Ecol. Econ. 117:270-82

Rodriguez LA, Pfaff A, Velez MA. 2019. Graduated stringency within collective incentives for group en-
vironmental compliance: building coordination in field-lab experiments with artisanal gold miners in
Colombia. 7. Environ. Econ. Manag. 98:102276

Rodriguez LA, Velez MA, Pfaff A. 2021. Leaders’ distributional and efficiency effects in collective responses
to policy: lab-in-field experiments with small-scale gold miners in Colombia. World Dev. 147:105648

Rondeau D, Poe GL, Schulze WD. 2005. VCM or PPM? A comparison of the performance of two voluntary
public goods mechanisms. 7. Public Econ. 89:1581-92

Saldarriaga-Isaza A, Villegas-Palacio C, Arango S. 2015. Phasing out mercury through collective action in
artisanal gold mining: evidence from a framed field experiment. Ecol. Econ. 120:406-15

Sandler T. 2004. Global Collective Action. Cambridge, UK: Cambridge Univ. Press

Sandler T. 2015. Collective action: fifty years later. Public Choice 164:195-216

Sandler T, Arce DG. 2003. Pure public goods versus commons: benefit-cost duality. Land Econ. 79(3):355-68

www.annualreviews.org o Group Incentive Policies

7.21



Annu. Rev. Resour. Econ. 2022.14. Downloaded from www.annualreviews.org

by Kathleen Segerson on 06/24/22. For personal use only.

RE14CHO7_Segerson

ARjats.cls  April 18,2022 16:48

7.22

Segerson K. 1988. Uncertainty and incentives for nonpoint pollution control. 7. Environ. Econ. Manag.
15(1):87-98

Segerson K. 2017. Voluntary pollution control under threat of regulation. Int. Rev. Environ. Resour. Econ.
11(2):145-92

Segerson K, Wu J. 2006. Nonpoint pollution control: Inducing first-best outcomes through the use of threats.
7 Environ. Econ. Manag. 51(2):165-84

Shortle JS, Horan RD. 2001. The economics of nonpoint pollution control. 7. Econ. Surv. 15(3):255-89

Shortle JS, Horan RD. 2013. Policy instruments for water quality protection. Annu. Rev. Resour. Econ. 5:111-38

Spraggon JM. 2002. Exogenous targeting instruments as a solution to group moral hazards. 7. Public Econ.
84(3):427-56

Spraggon JM. 2004. Testing ambient pollution instruments with heterogeneous agents. 7. Environ. Econ.
Manag. 48(2):837-56

Spraggon JM. 2013. The impact of information and cost heterogeneity on firm behavior under an ambient
tax/subsidy instrument. 7. Environ. Manag. 122:137-43

Spraggon JM, Oxoby RJ. 2010. Ambient-based policy instruments: the role of recommendations and presen-
tation. Agric. Resour. Econ. Rev. 39:262-74

Stasser G, Abele S. 2020. Collective choice, collaboration, and communication. Annu. Rev. Psychol. 71:589-612

Stewart J, Leaver J. 2016. Deemed value arbitrage in the New Zealand annual catch entitlement market. Mar:
Policy 66:1-7

Suijs J, Wielhouwer JL. 2019. Disclosure policy choices under regulatory threat. RAND 7. Econ. 50(1):3-28

Suter JF, Segerson K, Vossler CA, Poe GL. 2010. Voluntary-threat approaches to reduce ambient water pol-
lution. Am. J. Agric. Econ. 92(4):1195-213

Suter JF, Vossler CA. 2014. Towards an understanding of the performance of ambient tax mechanisms in the
field: evidence from upstate New York dairy farms. Am. . Agric. Econ. 96(1):92-107

Suter JF, Vossler CA, Poe GL. 2009. Ambient-based pollution mechanisms: a comparison of homogeneous
and heterogeneous groups of emitters. Ecol. Econ. 68(6):1883-92

Suter JF, Vossler CA, Poe GL, Segerson K. 2008. Experiments on damage-based ambient taxes for nonpoint
source polluters. Am. 7. Agric. Econ. 90(1):86-102

Swallow B, Meinzen-Dick R. 2009. Payment for environmental services: interactions with property rights and
collective action. In Institutions and Sustainability: Political Economy of Agriculture and the Environment—
Essays in Honour of Konrad Hagedorn, ed. V Beckmann, M Padmanabhan, pp. 243-65. Berlin: Springer Sci.
Bus.

Tan J, Tan Z, Chan KC. 2021. The impact of a tournament approach on environmental performance: the case
of air quality disclosure in China. Appl. Econ. 53(18):2125-40

Tarui N, Mason CF, Polasky S, Ellis G. 2008. Cooperation in the commons with unobservable actions.
F Environ. Econ. Manag. 55(1):37-51

Taylor MA, Sohngen B, Randall A, Pushkarskaya H. 2004. Group contracts for voluntary nonpoint source
pollution reductions: evidence from experimental auctions. Am. . Agric. Econ. 86(5):1196-202

Travers H, Clements T, Keane A, Milner-Gulland EJ. 2011. Incentives for cooperation: the effects of institu-
tional controls on common pool resource extraction in Cambodia. Ecol. Econ. 71:151-61

Townsend R, Shotton R, Uchida H. 2008. Case studies in fisheries self-governance. FAO Fish. Tech. Pap. 504,
Food Agric. Organ., Rome

van’t Veld K, Kotchen MJ. 2011. Green clubs. 7. Environ. Econ. Manag. 62:309-22

Vossler CA, Poe GL, Schulze WD, Segerson K. 2006. Communication and incentive mechanisms based on
group performance: an experimental study of nonpoint pollution control. Econ. Ing. 44(4):599-613

Wang J, Lei P. 2021. The tournament of Chinese environmental protection: strong or weak competition? Ecol.
Econ. 181:106888

Weber RA. 2006. Managing growth to achieve efficient coordination in large groups. Amz. Econ. Rev. 96(1):114—
26

Weidenholzer S. 2010. Coordination games and local interactions: a survey of the game theoretic literature.
Games 1(4):551-85

Wu S, Palm-Forster LH, Messer KD. 2021. Impact of peer comparisons and firm heterogeneity on nonpoint
source water pollution: an experimental study. Resour. Energy Econ. 63:101142

Segerson



Annu. Rev. Resour. Econ. 2022.14. Downloaded from www.annualreviews.org

by Kathleen Segerson on 06/24/22. For personal use only.

RE14CHO7_Segerson  ARjats.cls ~ April 18,2022 16:48

Xepapadeas A. 1991. Environmental policy under imperfect information: incentives and moral hazard. 7. En-
viron. Econ. Manag. 20(2):113-26

Xepapadeas A. 1992. Environmental policy design and dynamic nonpoint-source pollution. 7. Environ. Econ.
Manag. 23(1):22-39

Xepapadeas A. 2011. The economics of non-point-source pollution. Annu. Rev. Resour: Econ. 3:355-73

Zabel A, Bostedt G, Engel S. 2014. Performance payments for groups: the case of carnivore conservation in
northern Sweden. Environ. Resour: Econ. 59:613-31

Zabel A, Roe B. 2009. Optimal design of pro-conservation incentives. Ecol. Econ. 69:126-34

Zhou R, Segerson K. 2016. Individual versus collective approaches to fisheries management. Mar: Resour: Econ.

31(2):165-92

www.annualreviews.org o Group Incentive Policies

7-23





