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Abstract

An enormous literature has grown over the pastdeeades on the subject of common property
resources (CPRs). Offering an alternative to impebmarkets and coercive States, the communitarian
institutions built around CPRs have looked attractd scholars in the humanities and social scgerde
literature in consequence has a warm glow to illfgéconomic theory has been missing from almibst a
discussions on CPRs. But without the disciplinagspure of modern economic theory, it is difficalt
judge the status of empirical works, which, in tase of CPRs, have mainly been case studies.sin thi
article, | present a fairly complete economic tlyedrCPRs. The theory not only identifies circumnstas
in which communitarian institutions can functionlivé also shows when those institutions could be
expected to unravel. Recent empirical evidencéerfragility of CPRs is cited to display the rolmests of
the theory. The theory also identifies an espgctirk side of communitarian institutions, naméhgir

capacity to permit one group to exploit anothehimiiong-term relationships.



1 Natural Capital and Economic Development

Twentieth century economics has in large measuge thetached from the environmental sciences.
Judging by the profession's writings, we econonsisésNature, when we see it at all, at best askaltzgp
from which resources can be drawn in isolation. ddaconomic forecasts routinely exclude natural
resources. Accounting for natural capital, if itrees into the calculus at all, is an afterthoughhoreal
business of "doing economics".

Official development economics has mirrored thé ofssconomics in its neglect of the role
natural capital plays in economic activity. Thigshl be a puzzle. Development economists, more than
anyone else, would have been expected to knowsthé&d 75 percent of people in the world's poorest
regions live in rural areas. Moreover, they neealdg to think of agricultural land, threshing grals
grazing fields, tanks and ponds, woodlands andterevers and streams, coastal fisheries, maegrov
and coral reefs to recognise the importance adbited natural-resource base in the lives of thalmwoor.
Nevertheless, apart from agricultural land, natwagbital has been absent from the formal models
mainstream development economists have used @ atrpolicy recommendations. Leading surveys and
texts on the economics of development (Stern 1B8&ze and Sen, 1990, 1995; Ray, 1998) ignore the
local natural-resource base and the wide varieigstitutions that have evolved for managing them.

Despite that lack of interest, an extensive appiiethture has emerged in India on the economics
of natural capital. Scholars contributing to thiigrature have noted that, excepting for agricaltiand,
the local natural-resource base is often commupoallyed. They have noted too that access is resttiot
people who have historical rights; which, for moagénts and purposes are villagers in the locdlitere
are anomalies and | shall return to a few latehis paper; but the thrust of the literature hasnbibat
although the local natural-resource base condistital assets that are common property, thésaase

notopen-access. Among Indian scholars those assatgarcalled common property resour@esCPR.

2 Open Access Resourcesvs CPRs

The economic theory of open accessources has been familiar to economists sincdddo
(1954), who noted that an asset that is everypnefgerty is in fact no one's property. Gordon shbthat
resources to which access is open are overustwhtiit is in the common interest to restrict these. His
reasoning was simple: Given that resources arte fimisize, they have positive social worth. Bubpen
access resource is free to all who use it. Moredkercost a user incurs isn't merely less thart ivbaght
ideally to be, entry drives the resource renteto ZThe biologist Garrett Hardin later called thnagruse
"the tragedy of the commons", insisting that "fre@dn the commons brings ruin to all* (Hardin, 1968
Hardin must have had in mind the atmosphere andae seas, where the tragedy he talked of idrdgrta
unfolding today; but he chose a most unfortunatargte to illustrate his point: grazing land.

Social scientists haven't been kind to Hardin. Dpsa (1982) showed in the context of a fully

dynamic model that an open access renewable resaandd not be ruined if the cost of extraction was
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large relative to the value of the resource itSgtie motivations behind the finding were that tiopical
rainforests had been safe until the chainsaw ma@gpearance and the fisheries of the open seasote
threatened until the emergence of sophisticatéihfisequipments for tracking schools and trawlimg t
sea bottom.

Anthropologists and political scientists took Harth task severely. They criticised him for his
failure to recognise that geographically localisechmons are most often CPRs, not open accesdyand t
local institutions have evolved to forestall tregedy of the commons. Today one cannot but detesit a
of academic triumphalism in those writing8ertainly, it has not been uncommon for article€®Rs to
begin by denigrating Hardin's metaphor and thenvsig him to have been wrong by means of a case
study. Applied economists in India also joinedfilag. | have in mind the many articles publishethi@

Economic and Political Weekkince the late 1980s.

In studying CPRs, we are in the realm not only afural capital, but also of institutions.
Economists have traditionally studied markets, gvpiblitical scientists have studied the State. RRE
have an academically unfamiliar ring to them, te&idy has an obvious appeal for social scienGR&Ks
are not public nor private property, but are comatynoperty. Unlike the global commons though, they
are geographically confined and, as noted aboweesads not open to all. Moreover, an emergingligara
literature on social capital hinted that it had stimng to say about the character of those comiautguit
institutions that have been built around CPRsi#i# was a heady academic cocktail. The literadure
CPRs is how enormous, not only in India.

Oddly, economic theory has been missing from alralbsf that literature. But without theory as

guide, it isn't possible to understand either tisgitutions that govern CPRs or the policies thatial be

! See, for example, Feeny et @990).

% See, for example, National Research Council (12862), Agarwal and Narain (1989), Chopra et al
(1989), Ostrom (1990), Stevenson (1991), Bromlegl.e1992), Singh (1994), Baland and Platteau
(1996), and Marothia (2002). Priya Shyamsundarigritution to this volume is a remarkable synthesis
the findings in over 175 articles on the efficabgp transfer of rights and responsibilities frora Htate to
the users of natural resources. She concludeththbtlance of evidence from literally hundredstoflies
is that devolution leads to better resource managerather things being the same. She, of couifees a
discussion of what those other things are.



required if those institutions were found to be tiran Casual empiricism suggests that communitarian
institutions are fragile in the presence of growimaykets elsewhere; but without theory one woulahdiv
whether the evidence was real. By the same tokennmy ask whether communitarian institutions were
ever as good as they are made out to be by schelarsbelieve they are attractive alternatives to
impersonal markets and coercive States. But witttwaidisciplinary pressure of economic theory, we
wouldn't know whether there is something in thdigher whether it is a mere romantic posture. Afi,

one can argue that communitarian institutions ddtee emergence of more efficient institutions;ibthat
argument correct?

In fact, the basic economic theory of CPRs had bessited some time ago, in Dasgupta and Heal
(1979: ch. 3). At the time | drafted the chaptet fpresents the theory, | (and probably Heal dad)no
idea of the prevalence of CPRs in the contemposand. | developed the formal model (section 5.1
below) so as to understand the externalities tlegbi@sent when an asset is an unmanaged CPRth@nce
model was constructed, it was but natural to saltiynative ways a community could manage the CPR
(sections 5.2-5.3 below). However, had | been agkd®79 whether CPRs form an important class of
assets, | wouldn't have been able to answer. $ri Wiias not alone. Judging by the prevailing lii@ra, no
one in the development field then knew much ab&R€in the contemporary world. Village commons in
modern England are familiar enough; but they azeegdional grounds, they are not essential fongairv
Economic historians knew of the past importandgfiRs, though, which is why the only illustrations w
were able to offer in the book were from early-nmodengland®
3Why CPRs?

The trail-blazing empirical study on contemporaBR3 was Jodha (1986), who reported evidence
from a number of dry rural districts in India thiae proportion of income among poor families based
directly on CPRs is in the range 15 to 25 perdgatiendish (2000) has arrived at even larger estgnat
from a study of villages in Zimbabwe: the propantif income based directly on CPRs is 35 perchbat, t
figure for the poorest quintile being 40 percenttsevidence as Jodha and Cavendish unearthedatpes

of course, prove that CPRs in their samples wetemanaged, but it does show that rural households

® My friend and colleague Paul David told me whatead on the commons and the enclosure
movement. | learnt subsequently that there wasgpireal literature on CPRs in Alpine Switzerland
(Netting, 1976); but I didn't know of the literaéls existence then.



would have strong incentives to devise arrangemenéseby they woulthe managed.

The economic importance of CPRs, as a proportidotaf assets, ranges widely across ecological
zones. In India they are most prominent in aridaiegy mountain regions, and unirrigated areas; diney
least prominent in humid regions and river vall@garwal and Narain, 1989). There is a rationaterze
this, based on the mutual desire to pool risks. Miaals, for example, are spatially non-homogeneous
ecosystems. In some year one group of plants bedrg one part of a woodland, in another yeanso
other group does in some other part. Relative tamoaitput, fluctuations could be presumed to lggelar
in arid regions, mountain regions, and unirrigaeehs. If a woodland were to be divided into pavat
parcels, each household would face a greaterhraskit would under communal ownership. The reduactio
in individual household risks owing to communal @rghip may be small; but as average incomes aye ver
low in Indian villages, household benefits from ¢oomal ownership are large if woodlands are

communally owned.

* The earliest study | have so far been able tadooBcommunitarian institutions governing CPRs in
the poor world is Netting (1985).



CPRs are prominent also because ecosystem congditre mobile. Birds and insects fly, fish
swim, inorganic materials defuse in space, and @athworms are known to travel. Their mobility
integrates an ecosystem's various components. §eosydynamics are generally speaking non-linear,
involving positive feedback in a wide range of staimeaning that the system as a whole is grbatetie
sum of its spatial parts. Ecosystems therefore hav@ement of indivisibility to them. If you slicdf a
significant portion for some other purpose, thedpaivity (e.g., biomass production) per unit asEahat
remains is reducetiBut even if it were decreed that no portion cooddconverted for another use,
parcelling ecosystems into private bits would beffinient because of the externalities createdhay t
mobile components. Admittedly, private monopoly Wbavoid the externalties, but it would grant fao t
much power to one person in the community.

CPRs are sometimes the only assets to which tieewaitte disenfranchised have access. Thisis a
virtuous byproduct of the institutions governinglR? Economic theory says that even the casual wage
rate of unskilled labourers would be higher inagis with more abundant CPRs (Dasgupta, 1993;
Barbier, 2004; Pattanaik and Butry, 2004). Thad,saam not implying that assetless people featured
prominently in community decisions to create thgifntions governing CPRs; | am merely drawing
attention to a good feature of CPRs.

The local resource base of rural communities ctasisextractive, self-renewing capital assets
(Dasgupta, 1982). Woodlands, village ponds, anstabiisheries are prominent examples. Even wesland
noted for recycling organic pollutants, fit intoathcategory: they provide continuing services at no
extraction cost. No doubt investment in those assat increase their productivity, but what seg¢srth
apart from manufactured capital is that they allereaewing natural assets.

Agricultural land, especially in densely populatedas, is a different matter. Both labour and
capital are critical inputs in production. Investrhecan increase land's productivity enormously.
Agricultural land as CPRs would be subject to igant management problems, including those due to
the temptations to free ride on investment cosis.|@ck of incentives to invest and innovate wdesd to
stagnation, even decay. The fate of collective atemtifies to that. Those regions of sub-Sahafana
where land has been, or was, held by the kinship @sceptions, but only because land was pleratifdl
because poor soil quality meant that land had taepefallow for extended periods, following onlfeav

years of cultivation. Of course, it may be that@gdtural productivity remained low there becalesed

® Steffen et al(2004) is a technical account of the pervasivepnéson-linearities in natural processes.
Dasgupta and Maler (2004) is a collection of estiagsdevelops the welfare economics of non-linear
ecosystems.



was held by the kinship, not by individuals. AselBere in the social sciences, causation typiealiks
in both directions.
4 Plan of the Paper

In this paper | present a fairly complete econaiméory of CPRs. A timeless deterministic model,
taken directly from Dasgupta and Heal (1979: chis®resented in section 5. The asset under sty
piece of grazing land in which owners of cattlech#éreir animals. Cattle are assumed to be private
property. We first identify the externalities treherge in an unmanaged CPR (section 5.1). We then
confirm that an efficient use of the grazing landalves reduction in the number of cattle. Two tetgury
regimes for enforcing that reduction are studiedt{en 5.2): quota restriction on the number dieatch
herdsman is permitted in the CPR and a tax on@awtintroduced into the CPR (paid back lump sum to
the herdsmen). As the model is deterministic, Weeregulatory regimes are found to be equivalent.

Privatization is an alternative system of propeigirts to communal ownership in those cases
where the resource is divisible without producyilitss. Assuming that pastures are divisible withugs
in productivity, we confirm (section 5.3) that thezing land in the model would be used efficieiitiy
were divided into private lots.

Irrespective of whether the herdsmen rely on taxeguotas, managing a CPR involves
cooperation. Interestingly, it has been uncommoorgysocial scientists who write about CPRs to ask h
cooperative agreements are enforced. To say thdsmen can devise a regulatory regime to implement
cooperation (taxes, quotas) isn't enough; we r@aask what incentives the parties have for carrging
their respective sides of the agreement. Thatgaidar more general question:

Imagine that a group of people have identified #&ually beneficial course of actions. Imagine too

that they have agreed to follow that course. Intwgbatexts can the group be sanguine that peofildavi

what they said they will do under the terms ofdeeemerit To put the question in another way, in what

contexts are the promises people make to one arw#diblé? In section 6 we answer that question. The

analysis there is based on Dasgupta (1993, 2004dy.dpecial attention (section 6.6) to the situatvhere
the group faces the problem of cooperation peritat period. The theory of repeated games is used t
show that agreements can be kept if the partiendig the future benefits from cooperation at a low

enough rate. Repeated games are, of course, diostsadn the world as we know it, the circumstance

® Meade (1973) and Weitzman (1974) showed thaeiféigulator and the herdsmen possess different
information, the two regimes are not equivalent tBeir finding holds only if the tax is constrathi be
constant per cow. The tax-quota alternatives ageigpcases of non-linear taxes. See Dasgupta et al
(1980) and Dasgupta (1982).



people face change over time (owing, for exammeshtanges in the composition of capital assets).
However, it can be shown that the conclusions weeaat from the study of repeated games carry over
gualitatively to situations where people face cliaggircumstances over time.

Writings on CPRs have frequently had a warm glowhtam (Bromley et al 1992). And yet,
institutions for managing CPRs have been foundetdragile. Moreover, there is a dark side to the
institutions that have been built round CPRs. ktisas 7-8 we study those weaknesses.

In section 7.1 the theory of repeated games isexpta the timeless model of the CPR studied in
section 5 to show that it is possible for the b#seif cooperation to be shared unequally even if
community members were equally placed to begin.viitonomic theory therefore provides a strong
account of an empirical observation, that acce€RRBs is frequently unequal. In section 7.2 | nenée
number of empirical findings concerning the detetiing fate of CPRs in the contemporary world. The
theory of repeated games is then applied to thel¢ss model of section 5 to explain why CPRs are
institutionally fragile.

Section 8 is about a matter that to the best oknowledge has not been investigated in the
literature. | apply the theory of repeated gamdbadimeless model of section 5 once again, hsitithe
to show that it is also possible for some membEascommunity to be worse off under cooperatioredas
on long-term relationship than they would have kiédre community's members hadn't entered into the
long-term relationship. The model offers an accairitow one group of people in a community could
exploit another even while the latter may mistaidrd thought to be enjoying the benefits of longrte
relationship.

Section 9 summarises the main conclusions.

5 CPRs: A Formal Mode

There are N herdsmen, indexed by i (i = 1, 2N).,Cattle are private property. The pasture is
neither privately owned nor State property, bebisimunally owned. Outsiders are not permitteddaeyr
their cattle in the pasture, meaning that them@ispen access to the land either: the grazingsan@PR.

The model is timeless. The size of the pasture Gaftle intermingle while grazing, so that on
average the cows consume the same amount of jrdss the size of the herd in the pasture, totaput
- of milk - is H(X, S), where H is taken to be ctard returns to scale in X and S. Assume H(0O, &for
all S > 0. Assume too that the marginal products of X &rare positive, but diminish with increasing
values of X and S, respectively. In short, | takidHe a textbook production function. | am moaeliihe
pasture in an orthodox manner for pedagogical readavant to illustrate how, starting from the mos
conventional of production possibilities, mattesacerning human interactions that go far beyondketsr
and the State can be analysed. Readers can cahéitrgh that excepting for the analysis in secti@; 5
every result that | prove in this article carri@gioto cases where the CPR in question displaydinear

dynamics, so that time does not merely involvera®iinite recurrence of a single social situation.
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As S is fixed and H is constant returns to scatemaly eliminate S by writing H(X, S) = SH(X/S,
1); by letting S = 1 without loss of generalitypany defining F(X) H(X, 1). From the assumptions made
on H, we may conclude that F(0) = 0(k) > 0; F"(X) < 0; and F(X)/X > KX) > 0 for all X> 0. Figure 1
depicts both the functions F(X)/X (the average pataturve) and fX) (the marginal product curve).

Herdsmen are interested in the profits they are tbkarn from their cattle. We normalise by
choosing the market price of milk to be one. L&t tharket price of cattle be p (> 0), which may be
interpreted as a rental price. To have a problemhagiudying (see equation (8) below), | assume tha
F'(0) > p.
5.1 An Unmanaged CPR

We first determine the herd size brought into tHRRJf the cattle owners have instituted no
grazing charges nor any quantity restriction on bers. Let xbe the size of i's herd; is taken to be a
continuous variable. Since cattle intermingl&(X)/X is i's output of milk. Therefore, i's netgfit, m;, is

;i = XF(X)/X - px;. D)
We wish to compute the non-cooperative (Nash) dayitim of the resulting timeless game. Since the
model is symmetric, we should expect it to posesssgmmetric equilibrium. (It can be shown that
equilibrium in this timeless model is unique.)

Without loss of generality, consider herdsmanthdéf herd size of each of the other cattlemen is x,
equation (1) can be written as

m(%i, X) = XF(x+(N-1)x)/(x+(N-1)x) - px. 2

The profit function(x;, X) reflects the crowding externalities each herals inflicts on all others
in the unmanaged CPR:is a function not only of;xbut also of x. Let e the size of each cattleman's
herd at a symmetric equilibrium. By definition,would be the value of;xhat maximizesr(x;, X).
Therefore differentiate;(x;, X) partially with respect to;>and equate the result to zero. This yields,

FOGHN-1)x)/[xi+(N-1)X + 3 (x+(N-1)x)/[xi+(N-1)x] - xF(+(N-1)x)/[xi+(N-1)4* = p.  (3)

At a symmetric equilibriumpin equation (3) must equal Mow re-arrange terms to confirm that
the aggregate herd size in the CPR, which we wst¥ satisfies

((N-1)/N)F(X)/X + F(X)/N = p, where X= Nx. 4)

Equation (4) is a beautiful condition. It says thmequilibrium the price of cattle equals the
weighted average of the average product of cattldlze marginal product of cattle, with weightsXMN
and 1/N, respectively. Xs shown in Figure 1 as being a point lying betw#e value of X at which
marginal product of X equals p (itis X* in Figutgand the value of X at which the average prodtist
equals p (it is X** in Figure 1). It can be easilgnfirmed that Xis an increasing function of N.

Notice that aggregate profit, which | denoterys

n = [F(X) - XF'(X)IN >0, ®)

implying that rents are not entirely dissipatedFigure 1z is the area of the rectangle JKLM.
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From equation (5) we conclude that profit per heras is
/N = [F(X) - XF'(X)N? > 0. (6)
In Figure 2, which depicts the case N = 2, theldaitim pair of profits /2, o/2) is the point A.
Although X/N is the equilibrium number of cattle per herdsniieian't a dominant strategy for the

representative herdsman: CPRs do not give rigetBtisoners' Dilemma ganihis is a fact | make use

of in sections 7 and 8.

If N is large, the unmanaged CPR approximates an apcess resource. To confirm, notice that if
N is large, equation (4) becomes

FX)/X = p. (7
The approximate equation (7) says that rents aspdited almost entirely. This is the case stubied
Gordon (1954F.

5.2 Regulatory Regimes. Quotasand Taxes

An unmanaged CPR would be unattractive to the heedsthey could increase their profits by
managing it together. In their paper in this volurAsha Gunawardena and Paul Steele find direct
evidence of this in the context of a fishery in Banka. Gamini Herath, in his paper in the volume,
uncovers the ingenious ways in which collective aggment of irrigation can be realised.

Imagine that cooperation involves negligible trantise costs (Coase, 1960). What would be a
reasonable agreement among the herdsmen? As the imegmmetric, it may seem plausible to assume
that they agree to maximise aggregate profit aratesthat profit equally. We assume that Here.
Maximising aggregate profit (F(X) - pX) yields thendition

F'(X) = p. 8

Equation (8) says that at the optimum the marginaduct of cattle equals their price - a familiar
result in price theory. Let X* be the solution gjuation (8). At the community optimum, aggregatgipr

which | denote byt*, is

"Recall that a game is called the Prisoners' Dilarifreach player has a dominant strategy (a siyateg
that is best for him no matter what strategiesthers choose) and that playing their dominantegiias
results in a collectively inefficient outcome.

® Gordon (1954) followed a different modelling ségy, but with the same import. He assumed that H
is not constant returns to scale; that, in pamiGuF (X) is increasing at small values of X, but deciregat
large values of X. He didn't specify the numbenafdsmen; instead he postulated that open acceds wo
lead to a complete dissipation of land rents: BQQ/p. In Gordon's open access model, the number of
herdsmen is endogenous and finite (because ohtneasing returns to scale in F at low values ofiX)
contrast, the model here regards the number ofhexd to be exogenously given. The latter is thecbor
assumption to make on CPRs. If the number of cattteis large in our model, each herdsman introduces
small numbers of cattle into the pasture, withrésalt that rents get dissipated almost entirely.

° But see sections 7.1 and 8.
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™ = F(X*) - F/(X*)X* > 1> 0. (9)
In Figure 1* is the area of the rectangle JNRT.

From equation (8) we conclude that profit per hevals is

*IN = (F(X*) - F'(X*)X*)/N. (10)

A comparison of equations (4) and (8) shows that¥¢. In Figure 2, which depicts the case N =& t
pair of profits {*/2, n*/2) at the community optimum is the point B.

We now study two regulatory regimes for implemegtit.

With a_quota restrictiothe herdsmen agree to practice restraint by lgigiach to at most X*/N
cattle. It is simple to confirm that choosing X*idlthen the dominant strategy for each herdsman. We
conclude that a quota can implement the agreerodimit the aggregate herd size to X*.

An alternative regime would be to impose an erdxyon each cow and to share the tax revenue
equally as a lump sum income. This is the tax &miub the problem. Let us compute the optimunt{ax.

In a tax regime the herdsmen are free to grazeaay wattle as they like, but have to pay an entry
free per cow. The optimum tax corrects for the mdlties each herdsman inflicts on all others when
introducing a cow in the CPR. If the tax rate ithg effective price a herdsman pays is (p + tg itlea
therefore is to so choose t that equation (4) reslitecequation (8) and the equilibrium herd sizeabnX*.

Let t* be the optimum tax. Routine calculations\stibat

t* = [F(X*)/X* - F "(X*)](N-1)/N. (11)
Equation (11) is intuitively amiable. The right laeside measures the externality each herdsmactédin
others. That externality is the difference betwbenmarginal private benefit of introducing caitie¢he
pasture (the left hand side of equation (4)) amdrttarginal community benefit (the left hand side of
equation (8)). When the tax rate is set equal &b difference (evaluated at the optimum value X*),
cattlemen limit their herds to the right size.

5.3 Privatising the CPR

An alternative to a regulatory regime involves argle in the property rights to the pasture.
Consider privatising the grazing land. The sizthefpasture is S. Imagine that S is divided ingNal
parts and awarded as private property to the hemds®uppose too that they are able to protect their
property rights costlessly (e.g., fences are ceslifebuilt). What would be the outcome?

Each cattleman owns S/N amount of land after deation. If herdsman i were to introduce x
cows into his own land, his output would be HE8¢N) and his profit would be

mi(x;) = H(X, S/N) - px. (12)
Because H is constant returns to scale;, i) = H(Nx¥/S, 1)S/N. Once again, let us normalise by setting

%\Wade (1988) and Baland and Platteau (1996) hawershow communities do in fact levy user taxes
on CPRs.
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S = 1. Now H(Nx 1) = F(Nx) in our earlier notation. Therefore equation (&juces to

mi(Xi) = F(NX)/N - px. 13)
Notice that unlike equation (2), which represemtedisman i's profit function in the unmanaged GR&,
profit function in equation (13) harbours no exsdities:x; is solely a function of;xPrivatisation removes
the crowding externalities among cattle. Differatitign; with respect xand setting the result equal to
zero, the profit maximising size of herd is founde

F'(Nx) = p. (14)
Comparison of equations (8) and (14) shows thdt bacdsman introduces X*/N cows into his private
parcel of land. But this is the cooperative outcameéhe case where the pasture is a CPR. Thus
privatisation also solves the resource allocati@mblem facing the N herdsmen.

6. Trust and Credibility

Both privatisation of the grazing land and cooperabver the use of that land as a CPR involve
trust If the allocation defined by equation (14) isb realised, the herdsmen have to trust the "legal
system" to enforce private property rights to tipaircels of land. Similarly, if cooperation ovee tse of
the pasture as a CPR is to be achieved, they bamest one another to enforce the agreement itdamnh
herd size to X*/N either by means of quota (eq) (8)a tax (eq. (9)).

We now use the problem of trust facing our cattiereeask a question that goes far beyond the
management of CPRs:

Imagine a group of people who have discoveredra murse of actions that would lead to a
mutually beneficial outcome. Imagine too that tlineywe agreed to cooperate and share the resulting
benefits in a specified manner. If the parties tast one another, what could have been mutually
beneficial transactions won't take place. But vgratinds could they have for trusting one anotheoto
what they have undertaken to do?

They would have grounds if promises were crediSle a general question arises: Under what
circumstances are promises credible? Five comeértd.m
6.1 Mutual Affection

Promises would be credible if the parties care albme another sufficiently. Innumerable
transactions take place only because the peopiéved care about one another and rationally betieate
they care about one another (i.e., each knowshbaithers know that they care about one anotheh e
knows that the others know that each knows thgttdaee about one another, and so on) and thetefigie
one another to carry out their obligations. Ecorstsnnodel the situation as one where group members
have interdependent utilities. The household beshglifies institutions based on care and affectfm
monitoring costs within the household are low (@ugr of people who cohabit are able to observeand t
get to know one another), the institution harbdevger problems of moral hazard and adverse setectio

than many other institutions. On the other hanohdhfew in number, members of a household, as#pgro
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are unable to engage in those enterprises thaireelguge numbers of people of varied talents and
locations.
6.2 Pro-social Disposition

Promises would be credible if it was common knogkethat those making the promises were
trustworthy or that they reciprocated by keeping their prenifsothers displayed trust in them.
Evolutionary psychologists have argued that, bexafiselection pressures operating among our hunter
gatherer Pleistocene ancestors, we are adaptexyéoahgeneral disposition to reciprocate. Othevs ha
argued that such a disposition is to a greateesser extent formed through communal living, role
modelling, education, and receiving rewards andgtuments, and that the process begins at the ®arlie
stages of our live¥

For our purposes here, we don't have to chooseebetthe two theories; either would do. In any
event, they are not mutually exclusive. Thus, elmhary psychologists have argued that our capéeity
have such feelings as shame, affection, angeigmlaeciprocity, benevolence, and jealousy hasgede
under selection pressure. No doubt culture helphape preferences and expectations (thus, belgviou
which are known to differ widely across societi®st cultural coordinates enable us to identifyltuis
of points_uporwhich shame, affection, anger, elation, recipyodienevolence, and jealousy are put to
work; they don't displace the centrality of thoseliihgs in the human makeup. The thought | am exygio
here is that, as adults, we not only have a diipagor such behaviour as paying our dues, helpthgrs
at some cost to ourselves, and returning a faveeiglso practise such norms as those which pregtalh
we punish people who have hurt us intentionallyt enen such higher-order-norms as shunning people
who break agreements, on occasion frowning on thdse socialise with people who have broken
agreements; and so forth. By internalizing speciioms, a person enables the springs of her adtions

include them. She therefore feels shame or guilialating the norm, and this prevents her froomdaio,

1 The new behavioural economics emphasises thistesiteuman character. See, for example, Rabin
(1993) and Fehr and Fischbacher (2002).

125ee, for example, Hinde and Groebel (1991), whicttains accounts of what is currently known of

the development processes through which people fine@m infancy acquire prosocial dispositions; for
example, by learning to distinguish accidentalaffdrom intentional effects of others' actions.
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or at the very least it puts a break on her, urddssr considerations are found by her to be adiegi In
short, her upbringing ensures that she has a digpo® obey the norm, be it moral or social. Wisée
does violate it, neither guilt nor shame would ¢glly be absent, but frequently the act will haeerp
rationalized by her. For such a person, makingpanfge is a commitment, and it is essential forthat
others recognise it to be 5b.

Often enough, the disposition to be honest woultbb&rd members of some particular group
(clan, or neighbours, or ethnic group), not oth€his amounts to group loyalty. One may have baised
to be suspicious of people from other groups, oag Inave even been encouraged to dupe such others if
and when the occasion arose. Society as a wholesvessources when the disposition for honesty is

restricted to particular groups.

31n an innovative work, Sethi and Somanathan (1986 constructed a formal model to ask when
pro-social disposition of the kind | have just sketd in the text is locally stable under selecticessure.
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Runge (1981, 1986) has asserted that villagenifee world's poorest regions involves such close
interactions, that people develop pro-social digjprs toward one another. His arguments imply et
timeless CPR game of section 5 would be better fisatlas a game where not only isaK equilibrium
herd size, but so is X*, because if the herdsmgricsane another they will each introduce X*/N att
into the CPR, then they will do just that. A wood so Runge imagines, is a person's bond; pétiBdt
the evidence Runge deploys is not at all transpaf@enme his interpretation of villagers' motivesai
pleasant assumption, not much more. It may of eobesthat villagers develop pro-social dispositions
toward one another; but it may be that social $amgtare in place on those who break agreementis and
the reason why villagers trust one another and tven selves to do what they said they will do (eec
6.6). Simply to ask people to declare their redsotrusting one another is not enough. Anthropisitsg
have discovered that visitors can easily be mislethe answers inhabitants give about the workaigs
their local communities. Moreover, Runge's reforatioh of the timeless CPR game doesn't seem to be
capable of explaining why cooperation over the @fSEPRs has broken down in so many instances in
recent decades; whereas the modelling | pursueciiios 7 is able to do so.

In the world as we know it, the disposition to hestworthy at both the personal and impersonal
spheres exists in varying degrees. When we refirain breaking the law, it isn't always because fefkea
of being caught. When an employee in an unorgarsiseibr works overtime, it may simply be a gestiire
benevolence, helping out an employer in unexpewted. Recent work in behavioural economics has re-
affirmed that benevolence isn't alien to human mreatOn the other hand, if say, relative to the iyaof
the misdemeanour the pecuniary benefits from msdieee were high, some transgression could be
expected to occur. Punishment assumes its rolelasearence because of the latter fact.

6.3 The Need for Incentivesto Keep Promises

When the temptation to break one's agreementlarge that neither mutual affection nor pro-
social disposition is enough, there is need foidlgconstructed incentives. The promises thegmltave
made to one another to keep to their agreementdameilcredible if they could devise an institutian i
which keeping those promises would be in the isteoé each party if everyone else kept theirs. The
problem therefore is to devise an institution whereping the agreement is an equilibrium strategy.

A strategy is a sequence of conditional actioriaviilves counterfactuals. Strategies assume the
forms, "I shall choose X if you choose Y", or "ladido P if Q happens”, and so on. If promised@ize
credible, it must be in the interest of those mgkinomises to carry them out if and when the raeleva

occasions arise. It would follow that the conceptnged to track is that of equilibrium belidég which |

14 Technically, Runge's belief is that CPRs, evenntedied in a timeless framework, should be
modelled as "coordination games".
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mean a set of beliefs about one another, one &br garty, such that it would be rational for eaahtyto
hold his or her belief if everyone else were talibleir respective beliefs.

Societies everywhere have constructed solutiotisetoredibility problem, but in different ways.
What all solutions have in common, however, isrthesistence that those failing to comply with
agreements without cause will suffer punishmera@ly speaking, there are two types of situatioareh
parties to an agreement could expect everyonesp tkeir words? Each gives rise to a set of institutions
that capitalize on their particular features. lagtice, of course, the types would be expecteldadesinto
one another. (In his study of resource managemeditiKohistan's forests, Shaheen Rafi Khan, rafers
one as being based on "statutory" law, the othécostomary" law.) In what follows we study them.
6.4 External Enforcement

It could be that the agreement is translated intexglicit contract and enforced by an established
structure of power and authority. This is to ratyam external enforcer. We must now assume thahehe
agreements have been carried out is verifiaitheerwise the external enforcer would have ngthorgo on
when adjudicating disputes.

By an external enforcer we may imagine the Stateeie can, of course, be other types of external
enforcement agencies; e.g. tribal chieftains, wddpand so forth.) Consider, as an illustratibat the
rules governing transactions in the formal markat@are embodied in the law. So markets are stgabor
by a legal structure. Firms, for example, are legpuities. Even when you go to a shop, your puehas
(paid in cash or by card) involve the law, whiclpdes protection for both parties (the shopkeeper,
case the cash is counterfeit or the card is vb&lpurchaser, in case the product turns out oreatigm to
be sub-standard). The law is enforced by the ceengower of the State. Transactions involve legal
contracts backed by an external enforcer, namledy State. It is because you and the shopkeeper are
confident that the State has the ability and wglliass to enforce contracts that you and the shppkaee
willing to transact. The same confidence woulddzguired among our herdsmen if they are to trarisact
the market for cows (price p), for milk (price yitand are to exercise their property rights im ¢hse

where the pasture has been privatised.

1> Of course, none may be potent in a particularexdnin which case people would find themselves in
a hole they cannot easily get out of, and whatcthale been mutually beneficial agreements wiltaice
place. The behaviour reported in the MezzogiornBéyfield (1958) is an illustration of this posilyi
See below.
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What is the basis of that confidence? After al, ¢bntemporary world has shown that there are
States and there are States. Simply to invoke @nreat enforcer for solving the credibility problevon't
do; for why should the parties trust the Statearoyoout its tasks in an honest manner? A posaifsever
is that the government worries about its reputati®m for example, a free and inquisitive presa in
democracy helps to sober the government into bietigthat incompetence or malfeasance would mean an
end to its rule, come the next election. Knowingttthey worry, the parties trust them to enforce
agreements. Even if senior members of the rulimty @ae getting on in years and therefore don'thmuc
care what happens in the future, younger membentdweorry that the party's reputation would suffer
the government were not to behabe.

The above argument involves a system of interlackialiefs about one another's abilities and
intentions. Consider that millions of householdmiany parts of the world trust their governmentrgrey
less!) to enforce contracts, because they knowgihagrnment leaders know that not to enforce cotsra
efficiently would mean being thrown out of offida.their turn, each side of a contract trusts theonot
to renage (again, more or less!), because eachstiaw the other knows that the government can be
trusted to enforce contracts. And so on. Trustasitained by the threat of punishment (a finejlégan,
dismissal, or whatever) for anyone who breaks #&raoh We are in the realm of equilibrium belidfs|d
together by their own bootstraps.

Unfortunately, cooperation isn't the only possiblgcome. Non-cooperation can also be held
together by its own bootstrap. In a non-cooperapglibrium the parties don't trust one anothéwep
their promises, because the external enforcer ¢detrusted to enforce agreements. To ask whether
cooperation or non-cooperation would prevail iagk which system of beliefs are adopted by thegzart
about one another's intentions. Social systems maNgple equilibria.

As the formal analysis of what | have only sketchbdve is similar to one involving people who
expect to face transaction opportunities repeatediye future, | turn to the study of such sitaas.

6.5 Mutual Enforcement in Long-term Relationships

Let us suppose the group of people in questionatxpéace similar transaction opportunities over
and over again indefinitely. As an example, imagira the N herdsmen of section 5 face the same CPR
management problem year after year. Even thoudh lesmws that he will die in due course, he would
expect his descendents to be round when the foturees. So we may apply the repeatedness of the
underlying situation to N dynsties.

| take it that, living as they do in proximity abding as they are a small community, the size of

each cattleman's herd_is observdiyeall others. Imagine that the parties aren& abdepend on the law

'8 przeworski (1991) has explored this argument.
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of contracts because the nearest courts are fartfreir residence. There may even be no lawyeght.s
In rural parts of sub-Saharan Africa, for exampheich economic life is shaped outside a formal legal
system. Even though no external enforcer may bikasla, people there do transact. But why shoudd th
parties be sanguine that the agreements won'tsmun on account of malfeasance? Returning to our
example, why should the herdsmen trust one antgleemply with the agreement that each is to st
herd size to X*/N in every period?

They would be sanguine if agreements were mutealigrced. The basic idea is this: A credible

threat by members of a community that stiff samstiovould be imposed on anyone who broke an

agreement could deter everyone from breakirihé problem then is to make the threat of siffcdions

credible. The solution to the credibility problemthis case is achieved by recourse to social nofms
behaviour.

By a social normwe mean a rule of behaviour (or strategy) thdtliswed by members of a
community. For a rule of behaviour to &eocial norm, it must be in the interest of gaefson to act in
accordance with the rule if all others were toimaetccordance with it. Social norms are equilibriuwies
of behaviour.

To see how social norms work in general contextagine that the private gain to someone from
breaking the agreement unilaterally during a peisdess than the losses he would suffer if akghvere
to punish him subsequently in specific ways. Thedétion can, of course, only hold if the partiesodiunt
future benefits at a low rate; otherwise futuresésswouldn't look significant when compared to the
instantaneous gain from breaking the agreemeititting a punishment could involve refusing to egga
in any transactions with the erring person in tikle#ing period, shunning him in other ways fortabie
numbers of periods, and so on. Call a person conigpif he cooperates with those who are conformists
but punishes those who are non-conformists. Thisd®circular, but it isn't, because we assumsdbial
norm requires all people to start the process lepikg their agreement. It would then be possibte fo
anyone in any period to determine who is a confsiramd who is not. For example, if ever someone wer
to break the original agreement, he would be judgdae non-conformist. So, the norm would require
everyone to punish the non-conformist - perhagsiae costs to themselves. Moreover, the norm would
require that punishment be inflicted not only uplorse in violation of the original agreement (fiostier
violation); but also upon those who fail to punisiose in violation of the agreement (second-order
violation); upon those who fail to punish those whib to punish those in violation of the agreement
(third-order violation); and so on, indefinitelyhiE infinite chain makes the threat of punishmenefrant
behaviour credible because, if all others weretdarm to the norm, it would not be worth anyondide

to violate the norm. Keeping one's agreement wtheéd be mutually-enforcing.

" For a rigorous proof of this proposition, see Fimrg and Maskin (1986).
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All traditional societies appear to have sanctiondace for first-order violations. That sanctions
against higher-order violations haven't been docuetkmuch may be because they aren't needed to be
built into social norms if it is commonly recogrisinat people feel a strong emotional urge to puthisse
who have broken agreements. Anger facilitates amtipe by making the threat of retaliation crediile

How would the idea of social norms apply to growshing to cooperate over the use of CPRs?
To answer, let us return to the model of N herdsrbemote time by t, wheret=0, 1, 2, ... We thkeat
the game studied in section 5.1 - which we nowtballstage gamerepeats itself every period. | assume
that the herdsmen discount their future profits lw rate. (Below we confirm why this is necesdary
cooperation.)

Imagine that at t = 0 the herdsmen agree to liathef their herds to X*/N cattle, where X* is the
optimum herd size. Under the agreement each herdsprafit in each period ig/N (equation (10)). The
guestion arises as to how the agreement can becedfo

Consider the following strategy for the represevedierdsman: Begin by introducing X*/N cattle
into the pasture and continue to bring in X*/N end as no herdsman has broken the agreement; but
introduce_XN cattle into the pasture in every period follogithe first violation of the agreement by
someone, where/Xl is the herd size per cattleman in the unman&gtd (equation (4)). Game theorists
have christened it the "grim strategy”, or simpiyrg because of its unforgiving nature.

To see how grim would work, note that sind®lXs the equilibrium herd size per cattleman i th
unmanaged CPR, the threat by someone to switchgmemily to XN following the first defection by
anyone is credible if all other herdsmen play gimce the herdsmen discount their respectivetpatfa
low rate, no one can do better than to choose f@thothers choose grim. We conclude that grima is
Nash equilibrium of the repeated game, meaningitican function as a social norm.

How low does a herdsman's discount rate have b dr@m is to function as a social norm?

8 However, on a riverboat ride in Kakadu NationalkPAustralia, in the summer of 2004, my wife
and | were informed by the guide, a young aborigthat his tribe traditionally practised a form of
punishment that involved spearing the thigh muetlée errant party. When | asked him what would
happen if the party obliged to spear an erranypegte to balk at doing so, the young man's reply that
he in turn would have been speared. When | askedvhiat would happen if the person obliged to spear
the latter miscreant were to balk, he replied tiegattoo would have been speared! | asked him it hiagn
he was describing would go on indefinitely. Ourdgusaid he didn't know what | meant by "indefinyitel
but as far as he knew, there was no end to thachai
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Suppose r (> 0) is the rate at which the herdsnsmodnt their private profits. The date is t = OnGider

any one of the N herdsmen. Suppose all othersgypiiy Our herdsman now wonders whether to break the
agreement or to keep to it. As all the others glay, he knows they each will introduce X*/N calitiéo

the CPR at t = 0. Let w be the maximum gain in peged profit he could enjoy by breaking the
agreement. (In seeking w, he would be bringing rttoea X*/N cattle into the CPR att = 0.) Obvioysily

> 0, which is why he is wondering whether to brézd agreement. But our herdsman knows that the
others are playing grim. He knows therefore thakifwere to break the agreement now, they will each
bring X/N cattle into the CPR from t = 1 onward. He alsoks that the moment they switch_tdNX
cattle, he himself will find it in his own best @rest to switch to N cattle (because /N is a Nash
equilibrium of the repeated game that begins dt)t But if everyone switches permanently dXrom t

=1, our herdsman's profit flow from then will B8N. The loss he will suffer from t = 1 onward wik
(=*-m)/N per period; the present discounted value of iyhiden evaluated at t = 0, ig{x)/Nr. It follows

that our herdsman will not find it to his advantagdreak the agreement if w =*{z)/Nr; or, if

r < (m*-m)/Nw. (15)

Itis equally easy to confirm that if r * z)/Nw, cooperation by means of grim is impossibleaéers can
confirm too that it isn't possible to enforce co@ien by means of a social norm - grim or otheewi r
> ¢/Nw. *°

Notice how the community's size enters the pictimequality (15) says that if N is large,
cooperation is possible only if the herdsmen'sadiatrate is correspondingly low, other things hehre
same. But other things are not equal: eaatf,af, and w is a function of N. Nevertheless, it isgibke to
show that if N is not too smallr-z)/Nw is a declining function of N. Notice also timeresting way the
productivity of the CPR enters the picture. Ine@udlL5) says that ifif*-x)/w is small, cooperation is
possible only if the herdsmen's discount rate rsespondingly low, other things being the same. We
return to these important facts in section 7.2.

The exercise in comparative statics can be condictie reverse way too. Converting a CPR to
multiple uses could be a way to rai@®-x)/w, in which case cooperatio would be easier,hater.
Senaratne and Karunanayake (this volume) makedim¢ ip their study of communal aquaculture in a
sample of village irrigation tanks in Sri Lanka.

However, even when cooperation is a possible dujifin (e.g., by means of the grim social
norm), non-cooperation is an equilibrium too. Ieexone was to believe that all others would bréak t
agreement from the start, then everyone would treakgreement from the start. Non-cooperation @voul
involve each herdsman selecting the strategy, "sdvgdl at all times". Notice that a failure to cooperat

could be due simply to a collection of unfortunatgf-confirming beliefs, nothing else. We usuadigerve

¥ To do so, use the argument deployed in Sectiogl@wb
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the term "society" to denote a collective thatimasiaged to equilibrate at a mutually beneficiatonte,
whether by using reputation as an enabling cagéisgt (as in sections 6.2 and 6.5) or by relyingpaial
norms (as in this sub-section).
7 The Dark Side of CPRs

After revewing the economic theory of CPRs (sechjrwe went on in section 6 to ask a general
guestion: in what contexts can parties be sanghatehe promises they have made to one anothédyewil
kept? Having studied the good news about commugmitanstitutions, | return to CPRs to report two
pieces of bad news in this section. The first camc@equalities within communities in the accesSPR
benefits (section 7.1); and the second recordsidettions in the CPRs themselves (section 7.2).
7.1 Inequalities

The first piece of disturbing news about CPRs geaeral finding, that entitlements to their
products are frequently based on private holdingber households enjoy a greater proportion of the
benefits. Beteille (1983), for example, drew onmgées from India to show that access to CPRs @&noft
restricted to the elite (e.g., caste Hindus). RégeBavendish (2000) has reported that, in absafrins,
richer households in his sample in Zimbabwe tookenffr}mm CPRs than poor households. In her work on
coastal fisheries and forests products, McKean 21 9@ted that benefits from CPRs are frequently
captured by the elite. Agarwal and Narain (1996)ehexposed the same phenomenon in their study of
water management practices in the Gangetic plaihisl contribution to the present volume, K.C. Arun
documents the same inequality of access in comgruranaged forests in Nepal.

That women are excluded has also been recordeekganple, in communal forestry: B. Agarwal,
2001). Molians (1998) has noted the way gendermialiips are woven into local collective actiorilie
contemporary setting. In a wider context, Ogil8(@3) has reported striking differences betweelifthe
chances of women in 17th century Germany (embenhdéehse networks of social relationships) and the
life chances of women in 17th century England §oatmbedded in dense networks): English women were
better off.

It is an interesting theoretical fact that ineqiydh groups can emerge even in circumstances that
are symmetric to begin with; meaning that you doeédd to assume inequality among users of a CBR (e.
elites and non-elites) in order to explain inegyafi access to it. To confirm this, we returntie model
of herdsmen grazing their cattle in a CPR. Therarnt that was deployed in section 6.6 can now &e us

to demonstrate how inequality in the distributidnbenefits from the CPR can be sustained under

2% |n arecent letter Elinor Ostrom has remarkedéamat all institutions would be expected to have a
dark side; that markets and the State have dads sid well. True enough, but economists have long
studied the dark side of markets (withess the eaostliterature on "market failure™) and political
scientists that of the State. In contrast, CPRe leajoyed a relatively comfortable ride in the haities
and social sciences.
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cooperation.

In order to simplify the exposition, | suppose N2=Assume that the stage game is played
indefinitely. Denote time by t, where t = 0, 1,.2,As before, | take it that the herdsmen discdbeir
future profits at a low rate.

Consider an agreement at t = 0 that says thatimgeriod, herdsman 1 is permitted to introduce
uptoaX* cattle and herdsman 2 upto ¢)X* cattle, whereun is such that 1 & > 1/2 and (le)n* > /2. If
the agreement were kept, the herdsmen's proféaéh period would ber* and (Le)n*, respectively.
Notice that under the agreement herdsman 2 eas#hlan herdsman & ¢ 1/2), but more than what he
would earn if the CPR were unmanaged (becausgnfl> n/2). Thus, even though the agreement is to
share the benefits of cooperation unequally, battigs gain from cooperation. In Figure 2, C dentite
pair of profits, ¢n*, (1-o)n*), the herdsmen earn in each period under theeaggat. C lies to the
northeast of A. The question arises as to how gneemnent could be enforced.

Let us look at the grim strategy again, but nowlieddo the unequal division of benefits from the
CPR. Let the strategy read: begin by abiding byatpeement and continue to abide by it so long as
neither herdsmen has broken it; but introdu¢2 #attle into the pasture forever following thesffi
violation of the agreement by either herdsman.

To see how grim would work in the social environtra&frour two herdsmen, notice that2{s the
equilibrium herd size for each party in the stggee (section 5.1). The threat to switch permdyemt
X/2 following the first defection by either of therdlsmen is therefore credible if the other herdgnieys
grim. Since the pair discount their respective iggait a low rate, neither herdsmen can do bdigar t
choose grim if the other choose&'itWe conclude that grim is an equilibrium of theaaged game,
meaning that it can operate as a social norm.

Itis important to distinguish a social norm frame tstate of affairs that is sustained by means of a
application of that norm. In those circumstancegmhgrim is an equilibrium strategy in repeated
interactions, it can serve as a social norm. Baiatireement grim sustains is not uniguely givefadtwe
have confirmed that grim can support an infinittagfeements. It can support not only an agreeroent t
share the benefits of cooperation equally (sedi6i), but also a wide range of unequal divisionthat
benefit (as just above). The theory | am exploiimghis paper doesn't offer an account_of hanv
agreement is reached; what the theory offers acaount of the way agreements that have been mache
can be implemented. Bargaining theory exploregaimer problem. That pretty much any sharing of the

benefits of cooperation can be implemented in ltmmg relationships is an implication of the Folk

L What counts as a "low" discount rate depends @gtibice ofi: the greater is the value ofi.e. the
greater is the proposed inequality), the lowerhis tate the herdsmen must be assumed to use for
discounting future profits if the proposed sharinlg is to be enforced by grim. Readers can confiim
by deploying the corresponding argument in sedi@n
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Theorem in game theof§For example, any point to the north-east of thgimand in the triangle OMN
in Figure 2 can be implemented, provided each heads discount rate is small enough. (See Secifon 8
7.2 Deterioration of CPRs

The second piece of bad news regarding CPRs ithizsahave degraded in recent years in many
parts of the poor world. Why should this happen mowhose places where they had previously been
managed in a sustainable manner?

One reason is the kind of deterioration in extearalimstances that lowers both the private and
collective profitability of cooperative behaviouFhere are many ways in which circumstances can
deteriorate. Increased uncertainty in propertytsgh a prime example. You and your community may
think that you together own the forest your foreéas passed on to you, but if the community doesn't
possess a deed to the forest, its rights to thet ass insecure. In a dysfunctional state of affdhe
government may confiscate the property. Politieslability (in the extreme, civil war) is anotheusce of
uncertainty: a community's CPR could be taken dway it by force. An increase in such uncertainéies
those above translates into an increase in thatathich people discount the benefits from codjana
In the context of the CPR we studied in sectioniba&@nounts to an increase in r. But from inequéli5)
we know that if r increases sufficiently, cooperatteases.

Political instability is also a direct cause of eommental degradation: civil disturbance all too
frequently expresses itself through the destruaifqrhysical capital. In the context of the graZisugd of

section 6.6, this amounts to a lowered valuertfa)/w, which, as we noted from inequality (15), makes

?2 See Fudenberg and Maskin (1986).

% It may seem odd that one should pay attentionoterttial agreements over unequal sharing of
benefits in a model that is patently symmetric ssttbe parties. How, one may ask, could the pdrées
unequal bargaining powers in a world that has Ibeeselled as one where the parties are equallyghtace
begin with? The answer is that the model refleotg one aspect of the herdsmen's lives; namely, the
options as herdsmen. Presumably though, those drneeembedded in a wider set of lives, where the
herdsmen are engaged in other projects and purpaga®lationships. For example, it could be that t
herdsmen are equally placed as herdsmen, but uheplaaed as regards their status in society. Wakq
bargaining power could be a reflection of that, odedled, inequality in status.
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cooperation more difficult to maintain, other théngeing the same.

I have assumed perfect symmetry among the user<CHR. This has made the analysis easily
tractable. In his contribution to this volume, PatarMukhopadhyay probes deeply into an evolving
situation where the heterogeneity of users has theeanderlying cause of a breakdown of cooperation

More generally, when people are uncertain of thegits to a piece of property, they are reluctant
to make the investments necessary to protect goiina it. If the security of a CPR is uncertain ifaguo
whichever of the above reasons), the risk adjusttarns from collective investment are low. The
influence would be expected to run the other way with growing resource scarcity contributing to
political instability, as rival groups battle oweisources. The feedback could be "positive", exetiEyg
the problem for a time, reducing private returnsirorestment further. Groups fighting over spatially
confined resources are a frequent occurrence {gtlayper-Dixon, 1999). Over time, the communitarian
institutions themselves disintegrate.

The second reason is rapid population growth, wbéehtrigger resource depletion if institutional
practices are unable to adapt to the increasedymesn resources. The CPR then erodes owing to a
weakening of cooperation. In Cote d'lvoire, feample, growth in rural population has been accanegh
by increased deforestation and reduced fallowsmBgs production has declined, as has agricultural
productivity (Lopez, 1998). Moreover, rapid popidatgrowth in itself can be the cause of battlesrov
resources (Homer-Dixon, 1999). In our analysi$ief€PR in section 6.6, it was noted that cooperagio
more difficult when community numbers (N) increéisequality (15)). Since profits decline, whether i
the managed CPR*N) or the unmanaged ong/lN), the individual temptation to take over thedaas
private property increases. Economic theory is sahrin line with empirical observations that those
observations should be believable.

However, rapid population growth in the world's pest regions in recent decades itself requires
explanation. Increased economic insecurity, owingeteriorating institutions, is one identifiabbuse:
children yield a higher return in such circumstanttean other forms of capital assets (Bledsoe, ;1994
Guyer, 1994; Heyser, 1996). This means that evespifl population growth is a proximate cause of
environmental destruction, the underlying causelevba expected to lie elsewhere. When positiveslink
are observed in the data between population greemtlironmental degradation, and poverty, they shoul
not be read to mean that one of them is the paose of the others. Over time, each could in terthb
cause of the othef8.

The third reason for a deterioration of CPRs i$ thanagement practices at the local level are

sometimes overturned by central fiat. In recentades a number of states in the Sahel, for example,

24 For the theory, see Dasgupta (1993, 2003); fecant empirical study on South Africa that tesés th
theory, see Aggarwal et.4dR001).
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imposed rules that in effect destroyed communalagament practices in the forests. Villages ceased t
have the authority to enforce sanctions on thosevwidtated locally-instituted rules. There are remveral
enumerations of the ways in which State authodtyadamage local institutions and turn CPRs intmepe
access resources (Thomson etE86; Somanathan, 1991; Baland and Platteas)199

And the fourth reason is that social norms of behayfounded as they are on reciprocity (section
6.6), can be fragile. Institutions based on redjtyoare especially fragile in the face of growing
opportunities for private investment in substittggources (Dasgupta, 1993, 2001; Campbell,G01).
This is a case where an institution deterioratesnewhen there is no deterioration in external
circumstances, nor population pressure. But wieaatitional systems of management collapse and aren't
replaced by institutions that can act as subssifutee use of CPRs becomes unrestrained or are
transformed for other uses. In the context of oodeh of the grazing land in section 6.6, improved
economic opportunities elsewhere amounts to a textuio the worth of CPR as a pasture; meaning that
bothz andn* decline, relative to the profitability of othesrims of activity on the CPR. In a recent study,
Balasubramanian and Selvaraj (2003) have foundtieof the oldest sources of irrigation - villageks
- have deteriorated over the years in a sampldlages in southern India, owing to a gradual dexin
collective investment in their maintenance. Thdidedhas come about because richer households have
invested increasingly in private wells. Since plouseholds depend not only on tank water, butalso
the fuelwood and fodder that grow round the tarts, move to private wells on the part of richer
households has accentuated the economic stressesxqeel by the poor.

History tells us that CPRs can be expected to medh importance in tandem with economic
development (North and Thomas, 1973). EnsmindE3%() study of the privatization of common grazing
lands among the Orma in northeastern Kenya edtablithat the transformation took place with the
consent of the elders of the tribe. She attribiléslto cheaper transportation and widening maykets
making private ownership of land more profitableeelders were from the stronger families, andtit d
not go unnoted by Ensminger that privatization atused inequality within the tribe.

The point is not to lament the decline of CPRs; fib identify those who are likely to get hurt by
the transformation of economic regimes. That theeavinners in the process of economic developisent
a truism. Much the harder task is to identify tikelly losers and have policies in place that actadisty
nets for them.

8 Exploitation in Long-Term Relationships

As noted earlier, empirical studies have uncovaredualities in the distribution of benefits from
cooperation. Such inequalities as have been unedwee however consistent with the possibility ghiat
parties have benefitted from cooperation. In thetext of cooperation over the use of a CPR, we
confirmed in section 7.1 that inequalities in tieribution of the benefits from cooperation careege in

long-term relationships even if the underlying stgame is symmetrical. However, in the example we
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studied there, all herdsmen were better off untkeagreement than they would have been if the GiEIR h
been unmanaged.
8.1 A Question

Is it possible that someone is worse off in a lterga relationship than he (or she) would have
been if the group of which he (or she) is a merhlaein't embarked on the long-term relationship?Haro
words, can there be exploitation in long-term refeghips? Empirical studies of communitarian
institutions haven't investigated such a possyhilit

One reason why they haven't may be that the quest@npirically very hard to answer, involving
as it does a counterfactual. | believe however thate is another reason. The examples that have
motivated thoughts on communitarian institutiongé@meral and CPRs in particular have mostly been
conceptualised as the N-person Prisoners' Dilemarhare such a possibility as | am raising here can't
arise. However, as we noted in section 5.1, CPR' give rise to the Prisoners' Dilemma. | now sttlost
someone could indeed be worse off when engagelbimgaerm relationship with others than if thetjesr
had not entered into a long-term relationship.

Lest readers think that one needs only to poibatbmarriages to provide an affirmative answer to
the question posed in this section, we should réminselves that people don't enter marriages érgec
them to be bad. Marriages go sour because circanest@hange in particular ways or because thegpartn
discover aspects of their character they had mogrésed before or because they were forced ibtala
marriage against their will or desire. The exammdow is not about such situations. It involves an
indefinite repetition of an unchanginGPR game (sections 6.6 and 7.1).

8.2 TheModée

Recall the idea of a player's min-max vailnea game. It is the largest payoff a player can
guarantee for himself, meaning that he can guaganfier himself even if the other parties are malent
toward him. For completeness, | define min-max @glin the Appendix.

The min-max value of a herdsman in the CPR garseaifon 5.1 is zero. To confirm this, let X**
be the herd size at which the average productttéamuals their price; that is,

FOXH)/X** = p. (16)
Equation (16) says that at X** profits from cateazing are zero. That the min-max value of a hhees
in the CPR game is zero now follows from two obagons: (i) each herdsman can avoid earning negativ
profit by not grazing cattle in the CPR; and (ii)siimpossible for a herdsman to earn positivditpifo
some other herdsman introduces X** cattle into@fR. In Figure 2, which represents the case Nhe2,
origin represents the pair of min-max values oftth@ herdsmen in the CPR game.

As in section 7.1, | simplify the exposition by gpaging the number of herdsmen to be two.
Assume that the stage game is played indefinitedy tme. Denote time by t, where t = 0, 1, 2As.

before, | take it that the herdsmen discount theture profits at a low rate.
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Consider an agreement at t = 0 that says thaddn period, herdsman 1 is permitted to introduce
uptoaX* cattle and herdsman 2 upto {JX* cattle, wheren is now so chosen that (F(XpX)/2 > (1-
a)(F(X*) - pX*) > 0. (The above inequality impliebat 1 >a > 1/2.) In our earlier notation/2 > (1-o)r*
> 0. If the agreement were kept, the herdsmen'itpiia each period would ber* and (le)xn*,
respectively. Notice that under the agreement hneads2 not only earns less profit than herdsmanitl, b

earns less profit than he would if the CPR wereamamedCooperation involves exploitation here, in that

herdsman 2 is worse off under cooperation thandwddibe if there was to be no cooperation oveusige

of the CPR. In Figure 2 the pair of profitetf, (1-a)x*) is depicted as D. Observe that D is to the
southeastf A. So the question arises: how can such aroéagilye agreement be enforced via a long-term
relationsip?

Notice first that grim cannot be deployed for thegose in hand. (Why?) So some other social
norm has to be devised. In section 6.6 a conforwest defined as one who cooperated with, and only
with, conformists. In our present example, considerstrategy that says that if in any period éecatin's
herd size were not to conform to the agreementier party would push him to his min-max valug (b
introducing X** number of cattle) for a sufficiegtlarge number of periods. If that other personeneit
to punish the errant, then he would be min-maxedfsuitable number of periods by the person who
ought first to have been min-maxed; and so on tiitlenow is to choose the periods of punishmebito
sufficiently large, so that it would not be in timerest of either herdsmen ever to be a non-corigbr
When the numbers of periods (for first-order, secorder, and higher order violations) are so chaben
strategy can serve as a social norm, meaningttlsaini the self interest of each herdsmen to acitep
norm if the other accepts it. Exploitation of onethe other is then enforced mutually.

9 Morals

The literature on CPRs has had a warm glow aboliét relationships matter for a person's well-
being is no doubt a trite observation; but peoplévg on communitarian institutions have claimedre
In countries where the law doesn't function weligne officials regard the public sphere to be {h@iate
domain, where impersonal markets are often absentmunitarian relationships are what keep people
alive, if not well. This probably explains theitraction for many contemporary development ecorismis
But we need to bear counterfactuals in mind. ltlddae that communitarian relationships prevent
impersonal transactions from taking place. Moregtaray be that personal obligations inheritedfitbe
past prevent public officials from acting dispassitely. What appears as corruption in the NorthHccou
well be social obligation in the South.

In this paper | have offered the economic theodanlying communitarian management of CPRs.
The theory is sturdy enough to reveal both the gmuod bad sides of long-term relationships. More
importantly, the theory tells us what to look fdnen we study the ways in which CPRs are treatede Mo

importantly, the theory tells us what to look fanen we study the way people treat one another.
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Appendix
Let X; and X% be the set of strategies available to individdadsd 2, respectively, in the stage
game of a repeated game. Strategies themselveemaoted by xand % for the two individuals. The
payoff function for 1 is denoted ly(x1, o), for 2 it is denoted by,(x1, X2). Recall that a pair of strategies
(X1, Xo) is an equilibrium of the stage game if:
mi(X1, Xo) > my(X1, Xo)  forall x, € Xy
and  m(X1, Xo) > mo(Xy, Xo)  forall X, € Xo.
The min-max values for individuals 1 and 2, whioh write ast,** and n,**, respectively, are
defined as:
™= [min  max  m(Xy, X)),
XX, X1€X1
m** = [min max  w(Xy, X)].
X1€X1 X€X>H

In the CPR game of section** = n,** = 0.
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