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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 impeakmarkets and coercive States, the communitarian
institutions built around CPRs have looked attvactd scholars in the humanities and social sceeridee
literature in consequence has a warm glow to itdlpeéconomic 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 dase of CPRs, have mainly been case studies.dn thi
article, | present a fairly complete economic tiyesdrCPRs. The theory not only identifies circumsies
in which communitarian institutions can functionlivé also shows when those institutions could be
expected to unravel. Recent empirical evidencéderiragility of CPRs is cited to display the rolmests
of the theory. The theory also identifies an esdlyailark side of communitarian institutions, naynéheir

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



1 Natural Capital and Economic Development

Twentieth century economics has in large measume thetached from the environmental sciences.
Judging by the profession's writings, we econonsgisésNature, when we see it at all, at best aslalizgp
from which resources can be drawn in isolation. tdaconomic forecasts routinely exclude natural
resources. Accounting for natural capital, if i@s into the calculus at all, is an afterthoughhtoreal
business of "doing economics".

Official development economics has mirrored theé oéssconomics in its neglect of the role
natural capital plays in economic activity. Thi®shd 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 andtereivers and streams, coastal fisheries, margrov
and coral reefs to recognise the importance obite natural-resource base in the lives of thalrmpoor.
Nevertheless, apart from agricultural land, natwagbital has been absent from the formal models
mainstream development economists have used te atrpolicy recommendations. Leading surveys and
texts on the economics of development (Stern 1B88ze and Sen, 1990, 1995; Ray, 1998) ignore the
local natural-resource base and the wide varietgatitutions that have evolved for managing them.

Despite that lack of interest, an extensive appiiedchture has emerged in India on the economics
of natural capital. Scholars contributing to thegtrhture have noted that, excepting for agricaltiand,
the local natural-resource base is often commuioaliyed. They have noted too that access is restrict
to people who have historical rights; which, forsnmtents and purposes are villagers in the lycali
There are anomalies and | shall return to a feer latthis paper; but the thrust of the literathes been
that although the local natural-resource base st3nsi capital assets that are common propertyagbets
are_notopen-access. Among Indian scholars those assetear called common property resouraas
CPRs.

2 Open Access Resources vs CPRs

The economic theory of open accessources has been familiar to economists sincdddo
(1954), who noted that an asset that is everypngfxerty is in fact no one's property. Gordon shibthat
resources to which access is open are overustwaitiit is in the common interest to restrict these. His
reasoning was simple: Given that resources are fimisize, they have positive social worth. Bubaen
access resource is free to all who use it. Moredlrercost a user incurs isn't merely less thart ivbaght
ideally to be, entry drives the resource rent®to.zZThe biologist Garrett Hardin later called tbe¢ruse
"the tragedy of the commons", insisting that "freedn the commons brings ruin to all* (Hardin, 1968
Hardin must have had in mind the atmosphere andée seas, where the tragedy he talked of iSrdgrta
unfolding today; but he chose a most unfortunatte to illustrate his point: grazing land.

Social scientists haven't been kind to Hardin. Dpsg (1982) showed in the context of a fully
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dynamic model that an open access renewable resaumadd not be ruined if the cost of extraction was
large relative to the value of the resource itsetie motivations behind the finding were that ttopical
rainforests had been safe until the chainsaw nmadgpearance and the fisheries of the open seas we
not threatened until the emergence of sophistidé&hihg equipments for tracking schools and trag/li
the sea bottom.

Anthropologists and political scientists took Hartth task severely. They criticised him for his
failure to recognise that geographically localisechmons are most often CPRs, not open accesshand t
local institutions have evolved to forestall tregedy of the commons. Today one cannot but deteaira
of academic triumphalism in those writings. Cetgiit has not been uncommon for articles on CPRs
to begin by denigrating Hardin's metaphor and steswing him to have been wrong by means of a case
study. Applied economists in India also joined fitag. | have in mind the many articles publishedhe

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, g/piblitical scientists have studied the State. RRE
have an academically unfamiliar ring to them, tseidy has an obvious appeal for social scien@R&s
are not public nor private property, but are comatymoperty. Unlike the global commons though, they
are geographically confined and, as noted aboeesads not open to all. Moreover, an emerginglieara
literature on social capital hinted that it had stimng to say about the character of those comizutgit
institutions that have been built around CPRsH#i# was a heady academic cocktail. The literadure
CPRs is now enormous, not only in India.

Oddly, economic theory has been missing from al@lbsif that literature. But without theory as
guide, it isn't possible to understand either tfs#itutions that govern CPRs or the policies thatiiel be
required if those institutions were found to be tire;n Casual empiricism suggests that communitarian
institutions are fragile in the presence of growimaykets elsewhere; but without theory one wouldroiv
whether the evidence was real. By the same tokengmay ask whether communitarian institutions were
ever as good as they are made out to be by schelaysbelieve they are attractive alternatives to
impersonal markets and coercive States. But withwidisciplinary pressure of economic theory, we
wouldn't know whether there is something in thdieber whether it is a mere romantic posture. A&#,
one can argue that communitarian institutions detiae@ emergence of more efficient institutions; isut

thatargument correct?

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

2 See, for example, National Research Coufh®B¢, 2002), Agarwal and Narain (1989), Chopra et
al. (1989), Ostrom (1990), Stevenson (1991), Broretesl (1992), Singh (1994), Baland and Platteau
(1996), and Marothia (2002).



In fact, the basic economic theory of CPRs had besated some time ago, in Dasgupta and Heal
(1979: ch. 3). At the time | drafted the chaptext foresents the theory, | (and probably Heal dad)no
idea of the prevalence of CPRs in the contempasand. | developed the formal model (section 5.1
below) so as to understand the externalities tteapeesent when an asset is an unmanaged CPR. Once
the model was constructed, it was but naturaludysalternative ways a community could manage the
CPR (sections 5.2-5.3 below). However, had | begadin 1979 whether CPRs form an important class
of assets, | wouldn't have been able to answéhidri was not alone. Judging by the prevailingréture,
no one in the development field then knew much B8&Rs in the contemporary world. Village commons
in modern England are familiar enough; but theyraareational grounds, they are not essential for
survival. Economic historians knew of the past imace of CPRs, though, which is why the only
illustrations we were able to offer in the book e/&om early-modern Englarid.

3 Why 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 perdgatendish (2000) has arrived at even larger esgnat
from a study of villages in Zimbabwe: the propartmf income based directly on CPRs is 35 perchat, t
figure for the poorest quintile being 40 percenictsevidence as Jodha and Cavendish unearthed does
not, of course, prove that CPRs in their samples well managed, but it does show that rural haaldsh
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 aridareg; mountain regions, and unirrigated areas; ey
least prominent in humid regions and river vali@garwal and Narain, 1989). There is a rationalar
this, based on the mutual desire to pool risks. Méyals, for example, are spatially non-homogeneous
ecosystems. In some year one group of plants fredtrs one part of a woodland, in another yeanso
other group does in some other part. Relative mnoeitput, fluctuations could be presumed to lgelar
in arid regions, mountain regions, and unirrigaeehs. If a woodland were to be divided into pavat
parcels, each household would face a greatertrdskit would under communal ownership. The reduactio
in individual household risks owing to communal @nship may be small; but as average incomes are
very low in Indian villages, household benefitsniraommunal ownership are large if woodlands are

communally owned.

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

* The earliest study | have so far been abledate of communitarian institutions governing GRR
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. gteasylynamics are generally speaking non-linear,
involving positive feedback in a wide range of etatmeaning that the system as a whole is grdwster t
the sum of its spatial parts. Ecosystems therdéfave an element of indivisibility to them. If yolice off
a significant portion for some other purpose, trapctivity (e.g., biomass production) per uniteacé
what remains is reducéd. But even if it were dettbat no portion could be converted for another; us
parcelling ecosystems into private bits would beffinient because of the externalities createdhy t
mobile components. Admittedly, private monopoly Woavoid the externalties, but it would grant fao t
much power to one person in the community.

CPRs are sometimes the only assets to which tieevase disenfranchised have access. This is
a virtuous byproduct of the institutions governtigRs. Economic theory says that even the casua wag
rate of unskilled labourers would be higher inagis with more abundant CPRs (Dasgupta, 1993;
Barbier, 2004; Pattanaik and Butry, 2004). Thad,seam not implying that assetless people featured
prominently in community decisions to create thstitations 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, andtabisheries are prominent examples. Even wetland
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 alfereaewing natural assets.

Agricultural land, especially in densely populatedas, is a different matter. Both labour and
capital are critical inputs in production. Investmean 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 codig. [Ack of incentives to invest and innovate wde&t
to stagnation, even decay. The fate of collectwm§ testifies to that. Those regions of sub-Sahafidca
where land has been, or was, held by the kinship eeceptions, but only because land was plerdiidl
because poor soil quality meant that land had kepéfallow for extended periods, following onlyeav
years of cultivation. Of course, it may be that@gdtural productivity remained low there becalesed
was held by the kinship, not by individuals. Aseeliere in the social sciences, causation typigadiks
in both directions.

4 Plan of the Paper

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



In this paper | present a fairly complete econdimiory of CPRs. A timeless deterministic model,
taken directly from Dasgupta and Heal (1979: chis3presented in section 5. The asset under ssualy
piece of grazing land in which owners of cattlech#éreir animals. Cattle are assumed to be private
property. We first identify the externalities treaherge 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 tatury
regimes for enforcing that reduction are studiedt{sn 5.2): quota restriction on the number dieaach
herdsman is permitted in the CPR and a tax on eawstintroduced into the CPR (paid back lump sum
to the herdsmen). As the model is deterministie,tibo regulatory 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 produggilitss. Assuming that pastures are divisible withoss
in productivity, we confirm (section 5.3) that theazing land in the model would be used efficieiitly
were divided into private lots.

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

Imagine that a group of people have identified auaily beneficial course of actions. Imagine

too that they have agreed to follow that coursevhat contexts can the group be sanguine that @edlbl

do what they said they will do under the termshef dgreemeftTo put the question in another way, in

what contexts are the promises people make toravibex credibl@ In section 6 we answer that question.

The analysis there is based on Dasgupta (1993). 208y special attention (section 6.6) to thaatibn
where the group faces the problem of cooperatidogbafter period. The theory of repeated gamesesl
to show that agreements can be kept if the patise®unt the future benefits from cooperation lava
enough rate. Repeated games are, of course, dlostsadn the world as we know it, the circumstance
people face change over time (owing, for exammge;hanges 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 glowh&m (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.

® Meade (1973) and Weitzman (1974) showedittia¢ regulator and the herdsmen possess different
information, the two regimes are not equivalentt Beir finding holds only if the tax is constratht®
be constant per cow. The tax-quota alternativespeeial cases of non-linear taxes. See Dasgupta et
(1980) and Dasgupta (1982).



In section 7.1 the theory of repeated games isepd the timeless model of the CPR studied
in section 5 to show that it is possible for thedfés of cooperation to be shared unequally e¥en i
community members were equally placed to begin.vitonomic theory therefore provides a strong
account of an empirical observation, that acce€PBs is frequently unequal. In section 7.2 | nenée
number of empirical findings concerning the deteting fate of CPRs in the contemporary world. The
theory of repeated games is then applied to theléss 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 gamdheadimeless model of section 5 once again, bstitme
to show that it is also possible for some membkascommunity to be worse off under cooperatioredas
on long-term relationship than they would have hié&me community's members hadn't entered into the
long-term relationship. The model offers an accafritow one group of people in a community could
exploit another even while the latter may mistakdrd thought to be enjoying the benefits of longrte
relationship.

Section 9 summarises the main conclusions.
5 CPRs: A Formal Model

There are N herdsmen, indexed by i (i = 1, 2N).,Cattle are private property. The pasture is
neither privately owned nor State property, bubisimunally owned. Outsiders are not permitted aaer
their cattle in the pasture, meaning that them®igpen access to the land either: the grazingisaa CPR.

The model is timeless. The size of the pasture @aftle intermingle while grazing, so that on
average the cows consume the same amount of fjr&ss.the size of the herd in the pasture, totaput
- of milk - is H(X, S), where H is taken to be ctams returns to scale in X and S. Assume H(0, S¥or
all S> 0. Assume too that the marginal products of X 8rate positive, but diminish with increasing
values of X and S, respectively. In short, | takeole a textbook production function. | am modellihe
pasture in an orthodox manner for pedagogical resagavant to illustrate how, starting from the inos
conventional of production possibilities, mattesacerning human interactions that go far beyondketsr
and the State can be analysed. Readers can cdahfitrgh that excepting for the analysis in sectic) 5
every result that | prove in this article carriegioto cases where the CPR in question displaydinear
dynamics, so that time does not merely involvenaeiinite recurrence of a single social situation.

As S is fixed and H is constant returns to scatemay eliminate S by writing H(X, S) = SH(X/S,
1); by letting S = 1 without loss of generalityddoy defining F(X)= H(X, 1). From the assumptions made
on H, we may conclude that F(0) = 00K > 0; F'(X) < 0; and F(X)/X > HX) > 0 for all X > 0. Figure
1 depicts both the functions F(X)/X (the averagedpict curve) 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
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interpreted as a rental price. To have a problemhasgiudying (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 x be the size of i's herd. x is takebhd@
continuous variable. Since cattle intermingle, x JARXs i's output of milk. Therefore, i's net pripfi;,
iS

T, = % F(X)/X - px. D)
We wish to compute the non-cooperative (Nash) émiim of the resulting timeless game. Since the
model is symmetric, we should expect it to poseassgmmetric equilibrium. (It can be shown that
equilibrium in this timeless model is unique.)

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

(X, X) = X FO¢+(N-1)x)/(x +(N-1)x) - px.. 2

The profit functionm,(x;, X) reflects the crowding externalities eachdlseran inflicts on all others
in the unmanaged CPR; is a function not only of,x, but also of x. Lebr the size of each cattleman's
herd at a symmetric equilibrium. By definition,would be the value of, x that maximizegx, X).
Therefore differentiate;(x;, X) partially with respect to,x and equate the refsuftero. This yields,

FO6+HN-129/[xHN-1)x] + X F (X +(N-1)X)/[X+(N-1)x] - X F(x +(N-1/% +(N-DXI* = p. (3)

At a symmetric equilibrium;x in equation (3) mugtial x Now re-arrange terms to confirm that
the aggregate herd size in the CPR, which we w&st¥ satisfies

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

Equation (4) is a beautiful condition. It says thaequilibrium the price of cattle equals the
weighted average of the average product of caittidl@e marginal product of cattle, with weightsIMN
and 1/N, respectively. ¥ shown in Figure 1 as being a point lying betwtee value of X at which
marginal product of X equals p (it is X* in Figut® and the value of X at which the average prodiict
X equals p (it is X** in Figure 1). It can be egsilonfirmed that Xis an increasing function of N.

Notice that aggregate profit, which | denotemys

o = [F(X) - XF'(X)I/N >0, (5)
implying that rents are not entirely dissipatedFigure 1.z is the area of the rectangle JKLM.

From equation (5) we conclude that profit per hevals is

m/N = [F(X) - XF'(X)IN?> 0. (6)

In Figure 2, which depicts the case N = 2, the ldyium pair of profits &/2, =/2) is the point A.

Although X/N is the equilibrium number of cattle per herdsiritiisn't a dominant strategy for

the representative herdsman: CPRs do not givéorite Prisoners' Dilemma ganmkhis is a fact | make
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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 stuldied
Gordon (1954F.
5.2 Regulatory Regimes: Quotas and Taxes

An unmanaged CPR would be unattractive to the hegdsthey could increase their profits by
cooperating. Imagine that cooperation involves igdge transaction costs (Coase, 1960). What would
be a reasonable agreement among the herdsmen® Awttel is symmetric, it may seem plausible to
assume that they agree to maximise aggregate prafishare that profit equally. We assume thatthere
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 gfuation (8). At the community optimum, aggregatafipr
which | denote byt*, is

m* = F(X*) - F/(X¥)X*> 1> 0. 9)
In Figure 1,7* is the area of the rectangle JNRT.

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

/N = (F(X*) - F'(X*)X*)/N. (10)
A comparison of equations (4) and (8) shows thatX*. In Figure 2, which depicts the case N =t t
pair of profits @*/2, n*/2) at the community optimum is the point B.

We now study two regulatory regimes for implemegpti¢t.

With a_guota restrictiothe herdsmen agree to practice restraint by higiiach to at most X*/N

" Recall that a game is called the Prisonéhshidna if each player has a dominant strategyrédesyy
that is best for him no matter what strategiesothers choose) and that playing their dominantegiras
results in a collectively inefficient outcome.

8 Gordon (1954) followed a different modellisigategy, but with the same import. He assumed that
H is not constant returns to scale; that, in paldic F(X) is increasing at small values of X, but deciegs
at large values of X. He didn't specify the numbielherdsmen; instead he postulated that open access
would lead to a complete dissipation of land reRgX)/X = p. In Gordon's open access model, thebam
of herdsmen is endogenous and finite (becausesahtiieasing returns to scale in F at low valuex)of
In contrast, the model here regards the numbeexfdmen to be exogenously given. The latter is the
correct assumption to make on CPRs. If the numbeattiemen is large in our model, each herdsman
introduces small numbers of cattle into the pastuith the result that rents get dissipated alneositely.

° But see sections 7.1 and 8.
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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 ergron each cow and to share the tax revenue
equally as a lump sum income. This is the tax @oiub the problem. Let us compute the optimum'tax.

In a tax regime the herdsmen are free to grazeaay pattle 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 + t itlea
therefore is to so choose t that equation (4) resitie equation (8) and the equilibrium herd siaeaég
X*.

Let t* be the optimum tax. Routine calculationsstibat

t* = [F(X*)/X* - F "(X*)](N-1)/N. (11)
Equation (11) is intuitively amiable. The right ldbside measures the externality each herdsmant@fli
on others. That externality is the difference betwthe marginal private benefit of introducing leaith
the pasture (the left hand side of equation (49) the marginal community benefit (the left handesid
equation (8)). When the tax rate is set equal & 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 arge in the property rights to the pasture.
Consider privatising the grazing land. The sizéhefpasture is S. Imagine that S is divided integual
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 H(xN5and his profit would be

(%) = H(X, S/N) - px. (12)
Because H is constant returns to scale, H(x, SBMQNx/S, 1)S/N. Once again, let us normalise brsgt
S = 1. Now H(Nx, 1) = F(Nx) in our earlier notatiorherefore equation (12) reduces to

(%) = F(NX)/N - px. (13)
Notice that unlike equation (2), which represertitedisman i's profit function in the unmanaged GR&,
profit function in equation (13) harbours no exsdities: ; is solely a function of,x. Privatisation removes
the crowding externalities among cattle. Differatitig 7, with respect x and setting the result equal to
zero, the profit maximising size of herd is founde

F'(Nx,) = p. (14)

19 Wade (1988) and Baland and Platteau (1998 slaown how communities do in fact levy user taxes
on CPRs.
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Comparison of equations (8) and (14) shows thdt bacdsman introduces X*/N cows into his private
parcel of land. But this is the cooperative outcamehe case where the pasture is a CPR. Thus
privatisation also solves the resource allocatiabiem 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) ishie realised, the herdsmen have to trust the "legal
system" to enforce private property rights to tipaircels of land. Similarly, if cooperation ovee thse of
the pasture as a CPR is to be achieved, they banest one another to enforce the agreement todawh
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 cattlerteeask a question that goes far beyond the
management of CPRs:

Imagine a group of people who have discoveredra gmurse 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 tdivnst one another, what could have been mutually
beneficial transactions won't take place. But vgratinds could they have for trusting one anotheioto
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 alome another sufficiently. Innumerable
transactions take place only because the peopivet care about one another and rationally belieae
they care about one another (i.e., each knowghkaithers know that they care about one anotheh e
knows that the others know that each knows thgtdhee about one another, and so on) and therefiste
one another to carry out their obligations. Ecorstsninodel the situation as one where group members
have interdependent utilities. The household basnelifies institutions based on care and affectims
monitoring costs within the household are low (@ugr of people who cohabit are able to observe and t
get to know one another), the institution harbdeveer problems of moral hazard and adverse sefectio
than many other institutions. On the other hanthgolew in number, members of a household, asapgro
are unable to engage in those enterprises thatreelgimge numbers of people of varied talents and
locations.
6.2 Pro-social Disposition

Promises would be credible if it was common knogtthat those making the promises were
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trustworthy or that they reciprocated by keeping their pramifsothers displayed trust in thefn.
Evolutionary psychologists have argued that, bexafiselection pressures operating among our hunter
gatherer Pleistocene ancestors, we are adaptedécahgeneral disposition to reciprocate. Otheve ha
argued that such a disposition is to a greateesselr extent formed through communal living, role
modelling, education, and receiving rewards andgbuments, and that the process begins at the garlie
stages of our live¥.

For our purposes here, we don't have to chooseebatthie two theories; either would do. In any

event, they are not mutually exclusive. Thus, elohary psychologists have argued that our cap&eity
have such feelings as shame, affection, angeiQrelatciprocity, benevolence, and jealousy hasrgetke
under selection pressure. No doubt culture helghape preferences and expectations (thus, begviou
which are known to differ widely across societiggt cultural coordinates enable us to identifylthaus
of points_upornwhich shame, affection, anger, elation, recipyodienevolence, and jealousy are put to
work; they don't displace the centrality of thoselihgs in the human makeup. The thought | am exygjo
here is that, as adults, we not only have a dispogor such behaviour as paying our dues, helpthgrs
at some cost to ourselves, and returning a faveeiglso practise such norms as those which presitrét
we punish people who have hurt us intentionallg emen such higher-order-norms as shunning people
who break agreements, on occasion frowning on tkds® 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 guiltdlating the norm, and this prevents her fronngoi
S0, or at the very least it puts a break on hdessrother considerations are found by her to leerioing.
In short, her upbringing ensures that she haspmsiiton to obey the norm, be it moral or sociahé&i/
she does violate it, neither guilt nor shame waypitally be absent, but frequently the act wiladeen
rationalized by her. For such a person, makingoangge is a commitment, and it is essential forthat
others recognise it to be b.

Often enough, the disposition to be honest woultbiasard members of some particular group
(clan, or neighbours, or ethnic group), not oth&hés amounts to group loyalty. One may have beied
to be suspicious of people from other groups, oag have even been encouraged to dupe such others if

and when the occasion arose. Society as a wholesvessources when the disposition for honesty is

' The new behavioural economics emphasiseaspisct of human character. See, for example, Rabin
(1993) and Fehr and Fischbacher (2002).

12 See, for example, Hinde and Groebel (199h)¢hvcontains accounts of what is currently known
of the development processes through which peomte their infancy acquire prosocial dispositiorts; f
example, by learning to distinguish accidentalaffdrom intentional effects of others' actions.

3 In an innovative work, Sethi and Somanati£96) have constructed a formal model to ask when
pro-social disposition of the kind | have just sketd in the text is locally stable under selecpogssure.
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restricted to particular groups.

Runge (1981, 1986) has asserted that villagenlifee world's poorest regions involves such close
interactions, that people develop pro-social digipos toward one another. His arguments imply that
timeless CPR game of section 5 would be better tiemtlas a game where not only isaX equilibrium
herd size, but so is X*, because if the herdsmgricane another they will each introduce X*/N tzatt
into the CPR, then they will do just that. A woall,so Runge imagines, is a person's bond; pétiodt B
the evidence Runge deploys is not at all transpafenme 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 gametre in place on those who break agreementsand
the reason why villagers trust one another and tven selves to do what they said they will do {ieec
6.6). Simply to ask people to declare their redsotrusting one another is hot enough. Anthropisitsg
have discovered that visitors can easily be mislethe answers inhabitants give about the workofgs
their local communities. Moreover, Runge's refortioh of the timeless CPR game doesn't seem to be
capable of explaining why cooperation over the afSEPRs 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 reffi@in breaking the law, it isn't always because fefaa
of being caught. When an employee in an unorgarsisetbr works overtime, it may simply be a gesture
of benevolence, helping out an employer in unexgeeneed. Recent work in behavioural economics has
re-affirmed that benevolence isn't alien to humature. On the other hand, if say, relative to traeity
of the misdemeanour the pecuniary benefits fronfeaahnce were high, some transgression could be
expected to occur. Punishment assumes its rolelasearence because of the latter fact.

6.3 The Need for Incentives to Keep Promises

When the temptation to break one's agreementlarge that neither mutual affection nor pro-
social disposition is enough, there is need folafigconstructed incentives. The promises theigmhave
made to one another to keep to their agreementddmikcredible 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 actionsviblves counterfactuals. Strategies assume the
forms, "I shall choose X if you choose Y", or "ladiido P if Q happens”, and so on. If promisesatee
credible, it must be in the interest of those mgkpnomises to carry them out if and when the raeleva

occasions arise. It would follow that the conceptrveed to track is that of equilibrium belidly which

* Technically, Runge's belief is that CPRs,newaen studied in a timeless framework, should be
modelled as "coordination games".
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I mean a set of beliefs about one another, onedoh party, such that it would be rational for eaatty
to hold his or her belief if everyone else weréatd their respective beliefs.

Societies everywhere have constructed solutiotieetoredibility problem, but in different ways.
What all solutions have in common, however, is rthiesistence that those failing to comply with
agreements without cause will suffer punishmentaBly speaking, there are three types of situation
where parties to an agreement could expect everygokeep their wordS. Each gives rise to a set of
institutions that capitalize on their particulaatigres. (In practice, of course, the types wouleéxyected
to shade into one another.) In what follows we wtilngm.

6.4 External Enforcement

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

By an external enforcer we may imagine the Stateere 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 stgapor
by a legal structure. Firms, for example, are legdities. Even when you go to a shop, your purehas
(paid in cash or by card) involve the law, whicldes protection for both parties (the shopkeeiper,
case the cash is counterfeit or the card is vbilpurchaser, in case the product turns out oreatism
to be sub-standard). The law is enforced by thecoaepower of the State. Transactions involve llega
contracts backed by an external enforcer, namiety State. It is because you and the shopkeeper are
confident that the State has the ability and vgltiess to enforce contracts that you and the shppkeee
willing to transact. The same confidence woulddspiired among our herdsmen if they are to trarisact
the market for cows (price p), for milk (price yijtand are to exercise their property rights i ¢hse
where the pasture has been privatised.

What is the basis of that confidence? After akk, tontemporary world has shown that there are
States and there are States. Simply to invoke tnnek enforcer for solving the credibility problemon't
do; for why should the parties trust the Stateatoycout its tasks in an honest manner? A possihésver
is that the government worries about its reputatiem for example, a free and inquisitive presa in
democracy helps to sober the government into belighat incompetence or malfeasance would mean

an end to its rule, come the next election. Knowtimag they worry, the parties trust them to enforce

> Of course, none may be potent in a particcdatext, in which case people would find themselve
in a hole they cannot easily get out of, and wialat have been mutually beneficial agreementsnill
take place. The behaviour reported in the Mezzaogidsy Banfield (1958) is an illustration of this
possibility. See below.
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agreements. Even if senior members of the rulimty @ae getting on in years and therefore don'thmuc
care what happens in the future, younger membeuntdweorry that the party's reputation would suffer
if the government were not to behabe.

The above argument involves a system of interlarkialiefs about one another's abilities and
intentions. Consider that millions of householdsiany parts of the world trust their governmentr@no
or less!) to enforce contracts, because they kit government leaders know that not to enforce
contracts efficiently would mean being thrown olbffice. In their turn, each side of a contracists the
other not to renage (again, more or less!), becaask knows that the other knows that the govertmen
can be trusted to enforce contracts. And so orstTsumaintained by the threat of punishment (e, fa
jail term, dismissal, or whatever) for anyone whedks a contract. We are in the realm of equiliariu
beliefs, held together by their own bootstraps.

Unfortunately, cooperation isn't the only possiblecome. Non-cooperation can also be held
together by its own bootstrap. In a non-cooperay&librium the parties don't trust one anothédteep
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 maniple equilibria.

6.5 Reputation as Capital Asset

Political parties are not the only entities thawireputation as capital asset. Individuals amdsfir
view it that way too. Even someone who doesn't ednat his reputation will be after death would care
to build a reputation for honest dealing if he cbaésh in on that reputation at the time of reteein
Brand names are created and maintained thus. Teengavho own the brand name no doubt change over
time, but the name itself remains. People can hasteategic reason for creating a reputation forelsty
because of life after retirement. Consider a firhoge current owner can choose either to be honést o
be dishonest. Imagine that dishonest behaviourles#iiie owner to enjoy additional profits in theigh
term. Imagine, however, that dishonest behavioualdvouin the firm's reputation - thereby future
prospects - because customers deal only with finaishave an unsullied reputation. On retireménat, t
owner of a dishonest firm would find no buyer. Kniogvthis in advance, the owner may well wish to
maintain the firm's reputation by behaving honeétlihe owner cared sufficiently about his quabfylife
after retirement, honesty would then be an equuibrstrategy, just as boycoting ill-reputed firmsuid
be a corresponding equilibrium strategy for custsitieOf course, even in situations where reputation
be a capital asset, there is an equilibrium whepatation is not maintained. It cannot be repeattsh

enough that social systems possess multiple eqailib

16 Przeworski (1991) has explored this argument.
7 A formal analysis of reputation as capitaledss to be found in Kreps (1990).
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The formal analysis of reputation as capital asssimilar to one involving parties who expect
to face transaction opportunities repeatedly inftitnere. | turn to a study of such situations.
6.6 Mutual Enforcement in Long-term Relationships

Suppose the group of people in question expeeic® $imilar transaction opportunities over and
over again indefinitely. As an example, imaginet tih@ N herdsmen of section 5 face the same CPR
management problem year after year. | take it tivétig as they do in proximity and being as they a
small community, the size of each cattleman's ieeabservabldy all others. Imagine that the parties
aren't able to depend on the law of contracts Isecthie nearest courts are far from their residéruere
may even be no lawyer in sight. In rural partsuif-Saharan Africa, for example, much economicisife
shaped outside a formal legal system. Even thoagixternal enforcer may be available, people tHere
transact. But why should the parties be sanguiae ttie agreements won't turn sour on account of
malfeasance? Returning to our example, why shinddhérdsmen trust one another to comply with the
agreement that each is to limit his herd size tG\NXh 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 samsigvould be imposed on _anyone who broke an

agreement could deter everyone from breakirighié problem then is to make the threat of séffctions

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) thdoliswed by members of a
community. For a rule of behaviour to &esocial norm, it must be in the interest of gaefson to act in
accordance with the rule if all others were toimetccordance with it. Social norms are equilibrities
of behaviour.

To see how social norms work in general contextagine that the private gain to someone from
breaking the agreement unilaterally during a pesdess than the losses he would suffer if akerhwere
to punish him subsequently in specific ways. Theddwmn can, of course, only hold if the partiesadiunt
future benefits at a low rate; otherwise futuresé&sswouldn't look significant when compared to the
instantaneous gain from breaking the agreemetitting a punishment could involve refusing to egga
in any transactions with the erring person in tiileiing period, shunning him in other ways fortabie
numbers of periods, and so on. Call a person congbif he cooperates with those who are conformists
but punishes those who are non-conformists. Thied®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 confetramd who is not. For example, if ever someone wer
to break the original agreement, he would be judgdie non-conformist. So, the norm would require
everyone to punish the non-conformist - perhap®ute costs to themselves. Moreover, the norm would

require that punishment be inflicted not only uploose in violation of the original agreement (fiostier
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violation); but also upon those who fail to puniflose 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, indefinitelyhi§ infinite chain makes the threat of punishmengfrant
behaviour credible because, if all others weretdarm to the norm, it would not be worth anyondile

to violate the norm. Keeping one's agreement wthed be mutually-enforcin.

All traditional societies appear to have sanctiarigace for first-order violations. That sanctions
against higher-order violations haven't been docuetekmuch may be because they aren't needed to be
built into social norms if it is commonly recogrusinat people feel a strong emotional urge to puthisse
who have broken agreements. Anger facilitates aadipe by making the threat of retaliation creditle

How would the idea of social norms apply to growighing 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 tiakbat
the game studied in section 5.1 - which we nowthallstage gamerepeats itself every period. | assume
that the herdsmen discount their future profita ktw rate. (Below we confirm why this is necesdary
cooperation.)

Imagine that at t = 0 the herdsmen agree to liatgheof their herds to X*/N cattle, where X* is
the optimum herd size. Under the agreement eadsiman's profit in each periodn®/N (equation (10)).
The question arises as to how the agreement canfbeced.

Consider the following strategy for the represévedtierdsman: 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/X is the herd size per cattleman in the unman&jtid (equation (4)). Game theorists
have christened it the "grim strategy", or simplyrg because of its unforgiving nature.

To see how grim would work, note that sing®Xs the equilibrium herd size per cattleman ia th
unmanaged CPR, the threat by someone to switchgoemtly to_XN following the first defection by
anyone is credible if all other herdsmen play gfsimce the herdsmen discount their respectivetprafi
a low rate, no one can do better than to choose ifjall others choose grim. We conclude that gem

a Nash equilibrium of the repeated game, meaniajtican function as a social norm.

'8 For a rigorous proof of this proposition, Seglenberg and Maskin (1986).

¥ However, on a riverboat ride in Kakadu NagioRark, Australia, 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 muetlie 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 rejgly 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 tieattoo would have been speared! | asked him i€tizén
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 the.chai
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How low does a herdsman's discount rate have ib drém is to function as a social norm?
Suppose r (> 0) is the rate at which the herdsrismognt their private profits. The date is t = @nSider
any one of the N herdsmen. Suppose all othersguiay Our herdsman now wonders whether to break
the agreement or to keep to it. As all the othéag grim, he knows they each will introduce X*/Ntiba
into the CPR att = 0. Let w be the maximum gaiorne-period profit he could enjoy by breaking the
agreement. (In seeking w, he would be bringing rttome X*/N cattle into the CPR at t = 0.) Obviously
w > 0, which is why he is wondering whether to lré/ee 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 als@s that the moment they switch_tdNX
cattle, he himself will find it in his own best @rest to switch to N cattle (because/K is a Nash
equilibrium of the repeated game that begins at)t But if everyone switches permanently ttNXrom
t =1, our herdsman's profit flow from then will IgN. The loss he will suffer from t = 1 onward wiié
(m*-=)/N per period; the present discounted value of tyhichen evaluated at t = O, is*¢z)/Nr. It
follows that our herdsman will not find it to hidaantage to break the agreement if wi% t)/Nr; or, if

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

It is equally easy to confirm that if r =x¥- )/Nw, cooperation by means of grim is impossiblea&ers
can confirm too that it isn't possible to enforoeperation by means of a social norm - grim or rotise -
if r > m*/Nw.?°

Notice how the community's size enters the pictimequality (15) says that if N is large,
cooperation is possible only if the herdsmen'sadistrate is correspondingly low, other things beime
same. Notice also the interesting way the proditgtnf the CPR enters the picture. Inequality ($&ys
that if (m*- )/w is small, cooperation is possible only if trerdsmen'’s discount rate is correspondingly
low, other things being the same. We return togliegportant facts in section 7.2.

Even when cooperation is a possible equilibriurg.(day means of the grim social norm), non-
cooperation is an equilibrium too. If everyone wa$elieve that all others would break the agregmen
from the start, then everyone would break the ageee from the start. Non-cooperation would involve
each herdsman selecting the strategy, "chadideat all times". Notice that a failure to cooperabuld
be due simply to a collection of unfortunate, selffirming beliefs, nothing else. We usually reseitve
term "society" to denote a collective that has ngadato equilibrate at a mutually beneficial outcome
whether by using reputation as an enabling cagitsét (as in sections 6.2 and 6.5) or by relyingomial
norms (as in this sub-section).

7 The Dark Side of CPRs

After revewing the economic theory of CPRs (seclirwe went on in section 6 to ask a general

% To do so, use the argument deployed in Seétioelow.
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guestion: in what contexts can parties be sanghaiehe promises they have made to one anothler wil
be kept? Having studied the good news about contaman institutions, | return to CPRs to report two
pieces of bad news in this section. The first comec@equalities within communities in the accesSPR
benefits (section 7.1); and the second recordsidettons in the CPRs themselves (section #.2).

7.1 Inequalities

The first piece of disturbing news about CPRs gerneral 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 onregles from India to show that access to CPRs @noft
restricted to the elite (e.g., caste Hindus). RidgeBavendish (2000) has reported that, in absdlertms,
richer households in his sample in Zimbabwe tookenfimm CPRs than poor households. In her work on
coastal fisheries and forests products, McKean Z19®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 pldiat ivomen are excluded has also been recorded (for
example, in communal forestry: B. Agarwal, 2001plisihs (1998) has noted the way gender inequalities
are woven into local collective action in the conp®rary setting. In a wider context, Ogilvie (2003
reported striking differences between the life desnof women in 17th century Germany (embedded in
dense networks of social relationships) and tleedifances of women in 17th century England (not so
embedded in dense networks): English women weterht.

It is an interesting theoretical fact that inedgyal groups can emerge even in circumstances that
are symmetric to begin with; meaning that you doegd to assume inequality among users of a CBR (e.
elites and non-elites) in order to explain ineduali access to it. To confirm this, we returntie model
of herdsmen grazing their cattle in a CPR. Theragqi that was deployed in section 6.6 can now bé us
to demonstrate how inequality in the distributidnbenefits from the CPR can be sustained under
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 discabeir
future profits at a low rate.

Consider an agreement at t = O that says thatimgeriod, herdsman 1 is permitted to introduce
uptoaX* cattle and herdsman 2 upto JX* cattle, wherex is such that 1 & > 1/2 and (let)m* > m/2.

If the agreement were kept, the herdsmen's pioféach period would ber* and (1«)n*, respectively.

% |In a recent letter Elinor Ostrom has remarteeahe that all institutions would be expected dwén
a dark side; that markets and the State have d#ek as well. True enough, but economists have long
studied the dark side of markets (witness the eoosnliterature 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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Notice that under the agreement herdsman 2 easithian herdsman & & 1/2), but more than what he
would earn if the CPR were unmanaged (becausgr(1> n/2). Thus, even though the agreement is to
share the benefits of cooperation unequally, battigs gain from cooperation. In Figure 2, C desthe
pair of profits, ¢n*, (1-a)n*), the herdsmen earn in each period under theeageat. C lies to the
northeast of A. The question arises as to how @ineeanent could be enforced.

Let us look at the grim strategy again, but nowliedpto the unequal division of benefits from
the CPR. Let the strategy read: begin by abidinthbyagreement and continue to abide by it so &ang
neither herdsmen has broken it; but introdud2 #attle into the pasture forever following thesffi
violation of the agreement by either herdsman.

To see how grim would work in the social environtnainour two herdsmen, notice that2ds
the equilibrium herd size for each party in the@stgame (section 5.1). The threat to switch permdyent
to X/2 following the first defection by either of therdsmen is therefore credible if the other herdsman
plays grim. Since the pair discount their respecgixofits at a low rate, neither herdsmen can digibe
than choose grim if the other choos€3 it. We catesthat grim is an equilibrium of the repeated game
meaning that it can operate as a social horm.

It is important to distinguish a social norm frone tstate of affairs that is sustained by means of
an application of that norm. In those circumstanghsre grim is an equilibrium strategy in repeated
interactions, it can serve as a social norm. Baiatireement grim sustains is not uniquely givefiadh
we have confirmed that grim can support an infioitagreements. It can support not only an agreemen
to share the benefits of cooperation equally (@edi6), but also a wide range of unequal divismfrthat
benefit (as just above). The theory | am exploiimghis paper doesn't offer an account_of hamv
agreement is reached; what the theory offers mcaount of the way agreements that have been eache
can be implemented. Bargaining theory explore$dimeer problem. That pretty much any sharing of the
benefits of cooperation can be implemented in l@mg: relationships is an implication of the Folk
Theorem in game theofy. For example, any poirttéabrth-east of the origin and in the triangle OMN

in Figure 2 can be implemented, provided each head's discount rate is small enough. (See Secign 8

2 What counts as a "low" discount rate depamdthe choice ok: the greater is the value ef(i.e.
the greater is the proposed inequality), the loiwehe rate the herdsmen must be assumed to use for
discounting future profits if the proposed shariuig is to be enforced by grim. Readers can cortfitig
by deploying the corresponding argument in sedi@n

28 See Fudenberg and Maskin (1986).

1t may seem odd that one should pay attertbopotential agreements over unequal sharing of
benefits in a model that is patently symmetric sithe parties. How, one may ask, could the pdrtigs
unequal bargaining powers in a world that has Ineedelled as one where the parties are equally ghlace
to begin with? The answer is that the model reflealy one aspect of the herdsmen's lives; nartiedir,
options as herdsmen. Presumably though, those dneeembedded in a wider set of lives, where the
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7.2 Deterioration of CPRs

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

One reason is the kind of deterioration in extedr@umstances that lowers both the private and
collective profitability of cooperative behaviourhere are many ways in which circumstances can
deteriorate. Increased uncertainty in propertytsidgé a prime example. You and your community may
think that you together own the forest your foreéat 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. Politinatability (in the extreme, civil war) is anotheusce
of uncertainty: a community's CPR could be takeayainom it by force. An increase in such uncertagt
as those above translates into an increase indifeeat which people discount the benefits from
cooperation. In the context of the CPR we studieskiction 6.6, it amounts to an increase in r.fRum
inequality (15) we know that if r increases su#itily, cooperation ceases.

Political instability is also a direct cause of eommental degradation: civil disturbance all too
frequently expresses itself through the destruatifgphysical capital. In the context of the graziagd
of section 6.6, this amounts to a lowered valuénfx)/w, which, as we noted from inequality (15),
makes cooperation more difficult to maintain, ottiengs being the same.

More generally, when people are uncertain of thgits to a piece of property, they are reluctant
to make the investments necessary to protect apubira it. If the security of a CPR is uncertain ifogv
to whichever of the above reasons), the risk aggustturns 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 owesources. The feedback could be "positive”, ekeatirg
the problem for a time, reducing private returnsimrestment further. Groups fighting over spatially
confined resources are a frequent occurrence tdtayer-Dixon, 1999). Over time, the communitarian
institutions themselves disintegrate.

The second reason is rapid population growth, wtéchtrigger resource depletion if institutional
practices are unable to adapt to the increasedyresn resources. The CPR then erodes owing to a
weakening of cooperation. Ird6@ d'lvoire, for example, growth in rural poputatihas been accompanied
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

herdsmen are engaged in other projects and purpose®lationships. For example, it could be that t
herdsmen are equally placed as herdsmen, but uhygplaaed as regards their status in society. Waeq
bargaining power could be a reflection of that, odelled, inequality in status.
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resources (Homer-Dixon, 1999). In our analysief €CPR in section 6.6, it was noted that cooparatio
is more difficult when community numbers (N) incsedinequality (15)). Since profits decline, whethe
in the managed CPR{/N) or the unmanaged one/(\), the individual temptation to take over thedan
as private property increases. Economic theorg imgch in line with empirical observations thatdlo
observations should be believable.

However, rapid population growth in the world's pEst regions in recent decades itself requires
explanation. Increased economic insecurity, owingdeteriorating institutions, is one identifiabkuse:
children yield a higher return in such circumstanttean other forms of capital assets (Bledsoe, ;1994
Guyer, 1994; Heyser, 1996). This means that eveapifl population growth is a proximate cause of
environmental destruction, the underlying causelavbe expected to lie elsewhere. When positiveslink
are observed in the data between population gramthironmental 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 othefs.

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,
imposed rules that in effect destroyed communalagament practices in the forests. Villages ceased t
have the authority to enforce sanctions on thosewdiated locally-instituted rules. There are remveral
enumerations of the ways in which State authogtydamage local institutions and turn CPRs intepe
access resources (Thomson etE86; Somanathan, 1991; Baland and Plattea)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 redjyoare especially fragile in the face of growing
opportunities for private investment in substittgsources (Dasgupta, 1993, 2001; Campbell 2@01).
This is a case where an institution deterioratesnewhen there is no deterioration in external
circumstances, nor population pressure. But wheaitional systems of management collapse and aren't
replaced by institutions that can act as subs$iiutiee 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 tesuin the worth of CPR as a pasture; meaning that
bothz andr* decline, relative to the profitability of othesrins of activity on the CPR. In a recent study,
Balasubramanian and Selvaraj (2003) have foundtiebf the oldest sources of irrigation - villageks
- have deteriorated over the years in a sampldlafgs in southern India, owing to a gradual dexin
collective investment in their maintenance. Thdidedas come about because richer households have

invested increasingly in private wells. Since plbouseholds depend not only on tank water, butaiso

% For the theory, see Dasgupta (1993, 2008} fecent empirical study on South Africa thatgdise
theory, see Aggarwal et.dR001).
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the fuelwood and fodder that grow round the tamie, move to private wells on the part of richer
households has accentuated the economic stressezqeel by the poor.

History tells us that CPRs can be expected to medh importance in tandem with economic
development (North and Thomas, 1973). Ensminge39Q) 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 attribaltésito cheaper transportation and widening maykets
making private ownership of land more profitableeTelders 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, ib identify those who are likely to get hurt by
the transformation of economic regimes. That tlaeeswinners in the process of economic development
is a truism. Much the harder task is to identify likely losers and have policies in place thataactafety
nets for them.

8 Exploitation in Long-Term Relationships

As noted earlier, empirical studies have uncoveredualities in the distribution of benefits from
cooperation. Such inequalities as have been ureteee however consistent with the possibility dikat
parties have benefitted from cooperation. In thetext of cooperation over the use of a CPR, we
confirmed in section 7.1 that inequalities in th&ribution of the benefits from cooperation careege
in long-term relationships even if the underlyitage game is symmetrical. However, in the examgle w
studied there, all herdsmen were better off urtteagreement than they would have been if the GieR h
been unmanaged.

8.1 A Question

Is it possible that someone is worse off in a leerga relationship than he (or she) would have
been if the group of which he (or she) is a merhiaein't embarked on the long-term relationship2hero
words, can there be exploitation in long-term reteghips? Empirical studies of communitarian
institutions haven't investigated such a possybilit

One reason why they haven't may be that the quastempirically very hard to answer, involving
as it does a counterfactual. | believe however thate is another reason. The examples that have
motivated thoughts on communitarian institutiong@neral and CPRs in particular have mostly been
conceptualised as the N-person Prisoners' Dilenarhare such a possibility as | am raising here can't
arise. However, as we noted in section 5.1, CPRY dive rise to the Prisoners' Dilemma. | now show
that someone could indeed be worse off when engagetbng-term relationship with others than #th
parties had not entered into a long-term relatigmsh

Lest readers think that one needs only to poibith marriages to provide an affirmative answer
to the question posed in this section, we shoutdirré ourselves that people don't enter marriages

expecting them to be bad. Marriages go sour be@iesenstances change in particular ways or because
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the partners discover aspects of their charaatgrithd not recognised before or because they wered
into a bad marriage against their will or desiree Example below is not about such situationavtilves
an indefinite repetition of an unchangjr@PR game (sections 6.6 and 7.1).

8.2 The Model

Recall the idea of a player's min-max valnea game. It is the largest payoff a player can
guarantee for himself, meaning that he can guaranfier 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 garseation 5.1 is zero. To confirm this, let X**
be the herd size at which the average productttéauals their price; that is,

F(X*)/X** = p. (16)
Equation (16) says that at X** profits from catylezing are zero. That the min-max value of a hees
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 (iijsiimpossible for a herdsman to earn positivdififo
some other herdsman introduces X** cattle into@mRR. In Figure 2, which represents the case N = 2,
the origin represents the pair of min-max valuetheftwo herdsmen in the CPR game.

As in section 7.1, | simplify the exposition by gaging the number of herdsmen to be two.
Assume that the stage game is played indefinitedy time. Denote time by t, where t = 0, 1, 2As.
before, | take it that the herdsmen discount theture profits at a low rate.

Consider an agreement at t = 0 that says thagdin period, herdsman 1 is permitted to introduce
upto aX* cattle and herdsman 2 upto )X* cattle, wherex is now so chosen that (F\XpX)/2 > (1-
o)(F(X*) - pX*) > 0. (The above inequality impliekdt 1 >« > 1/2.) In our earlier notatiom/2 > (1-«)7*
> 0. If the agreement were kept, the herdsmen#tpio each period would ber* and (1e)n*,
respectively. Notice that under the agreement nezds?2 not only earns less profit than herdsmamtl, b

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

herdsman 2 is worse off under cooperation thandddibe if there was to be no cooperation oveusee

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

Notice first that grim cannot be deployed for thegwse 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, consillerstrategy that says that if in any period #eraan's
herd size were not to conform to the agreementtier party would push him to his min-max valug (b
introducing X** number of cattle) for a sufficiegtlarge number of periods. If that other personenrest
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.tfible now is to choose the periods of punishment to
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be sufficiently large, so that it would not be e tinterest of either herdsmen ever to be a nofeooist.
When the numbers of periods (for first-order, seeorder, and higher order violations) are so chosen
strategy can serve as a social norm, meaningttisaini 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 abolibét relationships matter for a person's well-
being is no doubt a trite observation; but peopiéng on communitarian institutions have claimedre
In countries where the law doesn't function welieve officials regard the public sphere to be thewrate
domain, where impersonal markets are often absentmunitarian relationships are what keep people
alive, if not well. This probably explains theitrattion for many contemporary development econtamis
But we need to bear counterfactuals in mind. Itlddee that communitarian relationships prevent
impersonal transactions from taking place. Morepitenay be that personal obligations inheritedrfro
the past prevent public officials from acting disgianately. What appears as corruption in the Numtitd
well be social obligation in the South.

In this paper | have offered the economic theoeulying communitarian management of CPRs.
The theory is sturdy enough to reveal both the gmod bad sides of long-term relationships. More
importantly, the theory tells us what to look fdnem 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 availablentividuals 1 and 2, respectively, in the stage
game of a repeated game. Strategies themselvetemoted by x and,x for the two individuals. The
payoff function for 1 is denoted hwj(x,, X,), for 2 it is denoted by {x , X ). Recall that a pair of strategies
(x,, X,) is an equilibrium of the stage game if:
(X X)) > (X, X) forall x,e X,
and  my(Xy, X)) > X, X)) forall x,e X,
The min-max values for individuals 1 and 2, whiok write ast,** and n,**, respectively, are
defined as:
%= [min max (X, X)),
XX, X£X,
T, = [min max  my(Xy, X)].
X €X, X,£X,

In the CPR game of section®®** = ©,** = 0.
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