
1. Cooperation in appropriating common pool resources 

Because of their pervasiveness, and the recurrent observation of misuse, identifying the 

determinants of appropriation of common pool resources (CPR) has generated considerable interest in many 

fields of the social sciences. These resources are characterized by joint access by a finite set of users 

(outsiders can be excluded, but not individual community members) and by rivalry in appropriation 

(appropriation by one user reduces the supply available to others). When community members decide 

individually on the appropriation of a common pool resource, they create negative externalities on each 

others which they do not take into account in their private profit maximization calculus, leading to overuse 

of the resource.2 This outcome of CPR has been used to explain a variety of phenomena such as 

overgrazing and desertification, deforestation, soil erosion in watersheds, overdraft on underground aquifers, 

and overfishing. 

In recent years, however, a number of observers such as Ostrom (1992), Baland and Platteau 

(1996), and Bromley (1992) have refuted the hypothesis that all common-pool resources are inefficiently 

used. Turning to theory to explain this outcome, three types of interpretations have been proposed. One is 

that the decision on appropriation corresponds to a set of non-cooperative games where the outcome of 

individual actions is identical to a cooperative outcome. This includes game set ups such as the Chicken 

Game or the Assurance Game (Bardhan, 1993). These particular payoff structures, however, only 

characterize a subset of rather specific CPR situations. The second is to rely on repeated games with trigger 

strategies where the Folk Theorem applies. The long term perspective is appropriate for community affairs 
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since there is usually considerable stability in membership. However, in many community situations, 

exclusion of access to the CPR is not credible and the model is consequently also insufficient, 

and most appealing in thus to call on group-level cooperation resulting from the definition of rules, the 

monitoring of member behavior, and the enforcement of agreed upon rules. In the literature on cooperation, 

these community actions have been treated as fixed costs. If the benefits of cooperation exceed costs, 

cooperative behavior will be observed. Since these costs are fixed, they do not affect the optimum level of 

extraction cooperatively established. Hence, cooperation is a binary decision, and all cooperative levels 

should be identical for communities with identical primitives (objective function, technology, and fixed 

factors). 

Much of the literature on cooperation has thus focused on the determinants of cooperation, 

identifying the factors that increase benefits and decrease costs. This has usually been done on the basis of 

case studies more than systematic empiricism. There is by now a long list of candidates among these 

determinants. They include factors that: (1) Increase the benefits from cooperation (a truly closed access 

resource with well defined boundaries and a well defined set of members (Ostrom, 1992; Wade, 1987); a 

smaller number of members over which to distribute the gains from cooperation (Olson, 1965; Bendor and 

Mookherjee, 1987); resource abundance that is neither too high or low (Bardhan, 1993)). (2) Lower 

monitoring costs (smaller groups, greater proximity and homogeneity (Wade, 1987), longer together 

(Hirschman, 1970)). And (3) increase the ability to enforce rules (leadership, high cost of exit option 

(Hirschman, 1970), homogeneity and perception of fairness in distribution of the gains from cooperation 

(Johnson and Libecap, 1982), interlinkages (social capital) among community members (Besley and Coate, 

1995), credibility of threats and commitment of sanctions, availability of conflict resolution mechanisms 

(Ostrom, 1992), metapunishment mechanisms, shared social norms (Sethi and Somanathan, 1996) and trust 

capital (Seabright, 1994)). 

Observations we made in field work, however, repeatedly suggested another interpretation of the 

determinants of cooperation. Identical communities in terms of primitives cooperate with differential 

outcomes in terms of levels of resource appropriation. Hence, while cooperation is indeed dichotomous 

(cooperate or not), there are different "qualities" of cooperation, with levels of resource appropriation 



observed somewhere in the interval between fixed cost cooperation and non-cooperation. This suggests that 

variable costs of cooperation enter into the determination of the social optimum. How these costs are 

defined and how they bear on the optimum level of CPR use is the objective of this paper. Formalizing a 

model of cooperative behavior under costly cooperation opens a vast field of reinterpretation of observed 

cooperative behavior.3 It allows to specify when cooperative behavior will be observed, the optimum level 

of resource appropriation given the gains and costs of cooperating, and how this optimum level is affected 

by changes in a number of exogenous variables and parameters that characterize the primitives of the 

problem, prices, and the degree of heterogeneity in the community. 

We choose the most general formulation of the problem in assuming that the costs of cooperating 

are function of the individual incentives to defect from the agreed upon rules and that these incentives are 

derived from the solution of the non-cooperative game. There are two types of incentives for an individual 

not to cooperate that follow two contrasted visions of human nature. According to the first vision, if an 

individual believes that all others will cooperate, then his best response is to not cooperate. This is the 

incentive to cheat, and it is equal to the difference between the profit obtained from abiding by the 

agreement (given that the others cooperate) and the profit of optimally cheating. It is motivated by the 

pursuit of "self-interest with guile" (Williamson, 1982) that typifies the postulate of methodological 

individualism in the new institutional economics (Bardhan, 1989), and is also the standard behavioral 

postulate in the theory of oligopolistic behavior. The second type of incentives to default starts from a 

vision that human beings are fundamentally driven to cooperate, possibly because they have internalized 

social norms through communal living and through experiencing rewards and punishments in a way that 

makes them behave beyond self-interest (Dasgupta, Chapter 8, 1993). However, these willing cooperators 

do not want to be duped into cooperating when others do not. As explained by Sugden, individuals' 

cooperation in using CPR is conditional on their expectation that others will cooperate as well (Sugden, 

1995; White and Runge, 1994). In this case, the incentive to default is avoiding the loss created by the 

difference between the profits when duped into cooperating while the others default and not cooperating at 

all. Incentives to deviate from the cooperative agreement are, in general, a combination of both types of 

3 In what follows, we refer to costly cooperation as a situation where cooperation entails variable costs in 
addition to the traditional fixed costs. 



incentives, weighted by the unit costs of counteracting each type of incentive to default. Enforcement costs 

\ 
can be expected to increase with these incentives to default: The larger the incentives, the more creative 

will a community member be in trying to cheat and conceal its acts, and hence the more difficult it may be 

to detect cheating and enforce rules. 

The role of heterogeneity on cooperation has been extensively debated in the literature. 

Heterogeneity has been associated both with poor cooperative performance (Ostrom, 1992; Kanbur, 1992) 

and with successful performance (Olson, 1965; Baland and Platteau, 1997). As noted by Baland and 

Plateau, there are many types of heterogeneity and they bear differentially on cooperation. We explore here 

two types of heterogeneity: differentials in production costs and differential constraints on capacity to 

appropriate. We show that, under costly cooperation, heterogeneity restricts the ability to find an acceptable 

cooperative solution, and that inequality in capacity reduces the optimal over appropriation in the 

cooperative solution. 

In the analysis that follows, we consider the CPR to be community pasture land where community 

members choose the optimal number of animals to stock. This allows us to use a linear-quadratic 

specification of the production function that has been widely used in studies of livestock weight gain (Hart 

et al., 1989). 

In section 2, we develop the model of costly cooperation when community members are identical. 

We then consider in section 3 the case where heterogeneity comes from differential production costs across 

members. In section 4 heterogeneity results from differential constraints on capacity to stock animals. 

Section concludes with a discussion of some policy implications of the model. 

2. Basic symmetric model of costly cooperation 

Consider a two-person game over the number of animals (n1 n2) to graze on a common property 

pasture of given size H. We assume that the herders are homogenous, risk-neutral profit-maximizers, and 

that each herder has a constant marginal cost of stocking animals, c. Productivity of forage for each 

individual is a decreasing function of the total number of animals stocked; thus, a crowding out externality 

captures the negative effect of adding an additional head of cattle on total weight gain for all animals 









Figure 1. Incentives to cooperate and not-cooperate 

Figure 1 illustrates these incentives and choices. Incentives to cooperate, cheat and not be duped 

are all zero at the non-cooperative level n°°. Thus, if the group "agrees" to cooperate at the level of the 

non-cooperative game outcome, then the gains from this agreement are zero; and clearly, incentives to cheat 

and not be duped are also zero. As the group moves towards the costless cooperation outcome n*, gains 

from cooperating are increasing, though at a decreasing rate - a result that derives directly from the concave 

specification for the profit function. On the other hand, both the incentives to cheat and the incentives not 

to be duped are increasing at an increasing rate. The graph illustrates a very intuitive point: for agreements 

to cooperate at levels just slightly below the non-cooperative outcome, gains to this agreement are 

relatively large at the margin, whereas incentives to deviate from this point are relatively low at the margin. 

However, marginal gains to cooperation near the costless cooperation outcome are nearly flat (clearly they 

are zero at the costless cooperation outcome), whereas the marginal gains to deviate are at their highest over 

the relevant range (stocking rates between the non-cooperative and costless cooperative outcomes). The 

optimal level of cooperation n is obtained when these marginal effects balance each others. 

Comparative static on the cooperative solution 

Expression (3) shows that overgrazing increases with the unit costs of enforcement and, for very 

high unit enforcement costs, tends to the non-cooperative level. Both the non-cooperative number of 











It is interesting to combine this result with the results from section 2, where producers are 

homogenous, to analyze the impact on cooperation of an increase in productivity in cattle raising (a decrease 

in costs). As mentioned in the introduction, there is some confusion as to whether changes that make 

exploitation of a common property resource more profitable will be beneficial or harmful to a community's 

ability to cooperate; though, much of the case study literature and anecdotal evidence seem to favor the 

hypothesis that improved profitability will have negative consequences for group cooperation. Consider 

how the following hypothetical differential evolution of cost structures may affect the ability of a 

community to cooperate over time. The community starts with relatively homogenous members (in terms 

of marginal costs) and assume that a group cooperation solution has been reached. Over time, only a 

certain fraction of the producers becomes more efficient In our analysis, when producers are homogenous, 

higher product prices, higher pasture productivity, and lower costs all lead to greater welfare gains from 

cooperation. However, if only a fraction of the members is becoming more efficient and the gap in 

marginal costs widens, it becomes more likely that no group cooperation solution will remain feasible. 

Cooperation may in fact break down, resulting in over appropriation of the resource and lower profits for 

the group as a whole. 
















