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Institutions have been proposed and initiated at the rural level in India on a voluntary 

basis to avoid the tragedy of the commons. These institutions have been modelled in this 

paper as a two-person repeated game, where two peasants have to decide in each period 

whether they want to pool labour or land or not. 

For reasons of simplicity, finite and infinite period trigger strategies are considered which 

are subgame perfect. As a special feature of the game, the payoff structure is not fixed but 

it is taken as a function of the level of natural resources. With the help of comparative 

statics on the payoff functions, necessary conditions along with their robustness, expressed 

as a minimum required discount factor, are derived under which participation is the 

individual optimal outcome. 
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M O D E L L E D AS A R E P E A T E D G A M E ' 



The higher pressure of an increasing population which has to rely on primary products from 

the commons is a direct threat for the users of the common themselves, especially when the 

community size comes near to the carrying capacity of the common. It is defined that as soon 

as the number of people exceeds the permissible carrying capacity, the regeneration rate of 

the common wi l l be lower than the depletion rate, which results in either a reduction in the 

possibility of depletion or degradation of the common or both (see for example Pearce and 

Warford (1993)). It can also lead to a loss of biodiversity or a disturbance in the ecological 

balance. This is known as the commons problem. 

The solution to the commons problem is still a controversial issue. Ostrom (1990, pg. 1) 

argues that 'neither the state nor the market is uniformly successful in enabling individuals 

to sustain long-term, productive use of natural resource systems'. Ostrom (1987) proposed and 

rejected hypotheses of either full privatization of property rights or centralization of 

management. Further, Ostrom pleads that the problem needs 'an empirically valid theory of 

self-organization and self-governance' (1990, 27) in order to resolve the problem. This in fact 

should emerge as a local self-enforceable institution. Institutions can be thought of as 

'complexes of norms and behaviours that persist over time by serving collectively valued 

purposes' (Uphoff, 1993, 614). Ostrom also argues that the classical approaches of the 'tragedy 

of the commons' (Hardin, 1968), 'the prisoners' dilemma' (Hardin, 1982) and 'the logic of 

collective action' (Olson, 1965) lead to metaphorical policy devices (pg. 7-8). To base a policy 

on such information can lead to misleading and inefficient results. This will not be the case 

in more sophisticated models like repeated dilemmas (Axelrod (1984), Kreps et al (1982) and 

Kreps and Wilson (1982)). This dynamic approach of repeated games w i l l be followed in this 

chapter. 

Wade (1988) bases his analysis completely on an intensive field study in Andhra Pradesh. He 

distinguishes between the commons situation, 'where joint use and subtractive benefits are 

coupled with scarcity', and the commons dilemma, 'where in consequence joint users start to 

interfere with each other's use' (Ibid., 184). He continues by pleading for the formation of 

corporate organizations to resolve this. In the game analyzed by Basu and Mishra (1993) there 
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The possibilities of obtaining cooperation in the repeated prisoners' dilemma is discussed in 

section 6. This is possible when there is a change in the punishment structure for defection, 

when the termination time is unknown, and under incomplete information: each others' private 

information do not necessarily coincide. 

The pooling game as formalized in section 1 is analyzed in section 7. The prisoners' dilemma 

has been imbedded in this finitely repeated game. Under the assumption of a simple trigger 

strategy, two critical discount factors have been derived for this case. It is concluded that, in 

a comparison with section 4, there were no qualitative changes in the results. 

In the final section it is discussed how the present analysis of the simple two-person three-

strategy repeated game can be extended. 

2 Formalizing the pooling game 

In many places of rural India degraded waste lands can be found. It either belongs to the 

Government or it is privately owned. The private lands remain fallow, because the owners 

have no financial resources or are not motivated to undertake necessary investments to restore 

the biomass such that the land can be used for production again. These private fallow lands 

can be utilized when a number of owners pool land, water, labour and other resources to 

create a common pool 2 . This pooling process is possible at the village level once an institution 

has been established, either spontaneously from inside the village or from outside. Once a 

common pool has been created, they can start a process of collectively planting trees protected 

by social fencing. This is possible, since several tree species can even grow when the soil 

quality is poor. The most important factor is that the trees are properly cared for and 

protected. That calls for social fencing and collectivisation of labour. Once the quality of 

resources in the pool starts improving, other products like grass and vegetables can also be 

grown. The land poolers remain the owner of their voluntarily pooled land. They can decide 

whether they want to add their private land to the common pool, or they do not want to pool 

2A number of cases can be found in Lise (1995, forthcoming). There I make a comparison 
between four kinds of cases in rural India. That approach was supported by discrete time 
modelling and simulation results were derived. 







Consider the following representation of the pooling game, which is a symmetric bimatrix 

game. 



Definition 3.2: x - y = the net incentive to pool. 































strong majority which prefers cooperation as an outcome. Hence, some cooperation can be 

realized. 

The discrepancy between the subgame perfect equilibrium of the finitely repeated prisoners' 

dilemma and the collective optimal outcome has been given a lot of attention by several 

authors20. This discrepancy can be overcome by relaxing some of the basic assumptions of 

the repeated prisoners' dilemma game. These ways out can be broadly divided into three 

classes. 

First, a change in the punishment structure under infinite repetitions can yield cooperation as 

an equilibrium outcome of the finitely repeated prisoners dilemma. Hirschleifer and Rasmusen 

(1989) analyze an n-person prisoners' dilemma with ostracism. The punishment of a one 

period exclusion from the community can be severe enough to have cooperation as a long 

term equilibrium outcome. Matsushima (1990) finds an equilibrium in a random matching 

game when players continue with cooperating partners and opt for a new partner through a 

random matching procedure as soon as the present partner defects. Frohlich (1992) uses a 

notion of fairness "you cut and I choose" to generate cooperation as an equilibrium outcome. 

The players make a choice first. Their roles wil l be randomized, such that they cannot be sure 

what they wi l l get. 

Second, cooperation can occur when the number of repetitions are unknown. It has been 

formalized in Basu (1987) where he uses the concept of common knowledge. When the exact 

termination time does not have the property of common knowledge, cooperation is a possible 

equilibrium outcome. It has also been demonstrated experimentally by Axe l rod (1990). He 

invited scientists from different disciplines to design a strategy for playing a finitely repeated 

prisoners' dilemma where the termination time is unknown. A tit-for-tat-strategy did very 

well: start with cooperation and do what the other did in the previous period. It also won the 

tournament over all strategies submitted. The requirement of unknown termination time has 

been criticized by L. Samuelson (1987). He derived a cooperative solution for the prisoners' 

2 0 For an overview see Seabright (1993, pg. 119) and Van Damme (1991, pg. 170). 















of a particular institution. Provided that such a measure exists, the effects of endogenous 

changes in the efficiency of institutions can be modelled by substituting it for the level of 

resources in the model of this chapter. Hence, there is a need to look for a measure of 

efficiency based on property rights, transaction costs, norms, etc. 

The intention of this chapter was to keep the problem simple. The analysis so far concentrated 

mainly on the case of two persons and two strategies. An extension to three strategies in the 

finitely repeated prisoners' dilemma also got attention. The number of repetitions played a 

major role in this context. The endogenous effects of resource changes on the payoff function 

was the special feature. Extending the game to higher dimensions is not an easy task and it 

may lead to essentially different results. 

The concept of two persons can be continued even when 2n-person random matching games 

are considered. There the players change their partners over time (Kandori (1992) and 

Matsushima (1990)). This can reduce the bias of the partners and, hence, mutual pooling 

emerging as an equilibrium under a lower discount factor can be a possibility. 

In this chapter an assumption of symmetry has been made, which restricted the analysis to 

equal peasants. This, of course, is not the case in rural India, which is known for its extreme 

duality between the 'castes' and the 'outcasts'. Heckathorn (1993) based his analysis on an 

escape from the n-persons prisoners' dilemma by introducing a compliance control level. Zero 

compliance means that the peasants rely on voluntary action only. Positive compliance also 

enhances group heterogeneity. Heckathorn demonstrates that cooperation is less l ikely in 

heterogenous groups. 

Snidal (1985) came up with an important comparison between the prisoners' dilemma and the 

coordination game (which he applied to international cooperation). These two cases were in 

almost every aspect opposites. The comparison between these two polar cases also included 

relaxing the assumptions of the most simple one-shot bimatrix game. 

The effect of a continuous strategy space does not alter the strategic structure of the 

prisoners' dilemma, but the coordination game becomes a bargaining game with a 

continuum of equilibria; it is not easy to decide which equilibrium is most efficient. 





Appendix A1 Proof of theorem 4.1 
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