ENDOGENOUS PROVISION AND APPROPRIATION
IN THE COMMONS

ALAIN DE JANVRY, NANCY MCCARTHY, AND ELISABETH SADOULET

When a resource is under common property,
access is restricted to members of the com-
munity, creating the potential of avoiding
the tragedy of the commons that character-
izes resource use under open access (Brom-
ley). Serious difficulties remain, however, in
managing the resource in a way that is so-
cially optimal because of the rival nature of
appropriation by individual members.
Achieving the social optimum requires ei-
ther inducing a noncooperative behavior by
individual members that mimics what co-
operative behavior would dictate or induc-
ing cooperative behavior. A number of set-
ups have been identified where the first
holds, for example, when the payoffs cor-
respond to a chicken game, an assurance
game, or the folk theorem in repeated games
(Bardhan, Nugent). There is a vast quali-
tative literature on the determinants of co-
operation, with some success stories but also
many failures (Ostrom, Wade). If, in addi-
tion, cooperation is costly, socially optimal
resource use may deviate from the first-best
costless cooperative solution to an extent
that reflects the importance of these costs
(see below). Hence, even when there is co-
operation, observed resource use relative to
the costless social optimum appears as if
there were different qualities of cooperation
in communities characterized by differential
costs of cooperating. If we are advocating
cooperation as a solution to misuse of com-
mon property resources (CPR), we conse-
quently need to develop models that can ex-
plain why we observe these presumed dif-
ferent qualities of cooperation across com-
munities. Although there are many ‘‘soft”
arguments about the costs of cooperation,
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we lack a theory that formalizes the quality
of cooperation achieved and explains the or-
igins and consequences of transactions costs
in determining cooperative outcomes. The
first objective of this paper is to propose
such a model.

For many CPR, use by a community mem-
ber requires deciding not only how much
effort to make in appropriating the resource
in a rival fashion but also how much effort
to deliver in providing the resource (Baland
and Platteau). Provision decisions include
participation to construction and mainte-
nance of collective infrastructure (e.g.,
cleaning irrigation canals), protecting the
CPR from encroachment by outsiders (sur-
veillance), reforestation, and use of nets
with larger mesh to allow protection of fry.
Under noncooperative behavior in a com-
munity with M members, the provider
chooses the level of effort, taking as given
the level of provision of the other M — 1
members. If the provider appropriates only
1/Mth of the outcome of his provision, effort
at providing creates a positive externality on
others, and each provider underprovides.
This is the CPR equivalent to the Marshal-
lian disincentive in sharecropping created
by the fact that the tenant captures only a
share of the product created by his labor
provision. How much effort the noncoop-
erative provider will make hence depends
on the rules for appropriation of the re-
source. These rules may be exogenous, as
in egalitarian sharing or sharing proportion-
al to an asset position such as land to be
irrigated. The total amount to be appropri-
ated depends also on the quality of coop-
eration. In this case, the level of provision
depends on the quality of cooperation
achieved in appropriation.

If cooperation fails, and the good is a total
stock to be allocated among members (e.g.,
water available in an irrigation system), in-
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creased appropriation by some implies lesser
appropriation by others. This leads to eventual
socially suboptimal allocation but without
creating negative cost externalities across
users. If, however, as in the case of grazing
on CPR pastures, each community member
pays only 1/Mth of the cost of what he ap-
propriates, this creates a negative externality
on others. This induces excess appropriation,
replicating the tragedy of the commons within
a closed CPR. Models of appropriation in
CPR have conceptualized this effect usually
by taking the level of provision as given. This
is, for example, the case for the classical fish-
eries models developed by Dasgupta and Heal
and by Stevenson where the stock of fish is
affected by appropriation but not by a separate
decision on provision. The second objective
of this paper is to propose a model that links
provision to the quality of cooperation in ap-
propriation when there are negative external-
ities in appropriation.

Finally, it is obvious that provision and
the quality of cooperation in appropriation
need to be simultaneously determined: Pro-
vision depends on the quality of cooperation
in appropriation; and the quality of coop-
eration in appropriation depends on the level
of provision. The third objective of this pa-
per is to show how this model can be con-
structed.

Linking Provision to Cooperation

We develop a model where provision to a CPR
depends on the level of cooperation in appro-
priation. An example is a situation where in-
dividuals can encroach on community land to
carve agricultural plots that they cultivate in-
dividually while raising livestock on the re-
maining CPR. Provision to the CPR consists
in refraining from encroaching an excessive
amount of land for agriculture. Incentive not
to increase agriculture depends on the quality
of livestock management on the CPR, which
in turn depends on the quality of cooperation
in setting limits to the number of animals that
each member can have. With better cooper-
ation in managing CPR pastures, each indi-
vidual would like to keep more land in pas-
tures to raise a larger number of animals. This
resets the boundary of community land use
between agriculture and pastoralism in favor
of the latter.

Define the following exogenous variables:
M = the number of members in the com-
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munity (i = 1, ..., M); H = total community
land (H for hectares); p,, p, = prices of ag-
ricultural and livestock products, respectively;
S(.) = production function for agriculture with
decreasing returns in land due to the presence
of fixed factors; z; = fixed factors in agricul-
tural production; ¢; = the constant marginal
cost associated with each animal; a = the pas-
ture productivity coefficient; and b = the pas-
ture sensitivity to stocking coefficient. Define
the following endogenous variables: h; = the
size of the individual agricultural plot carved
from community land; H. = H — 3, h, =
the area left in common property pastures; n,
= the number of animals grazed by individual
i; N = the total number of animals in the
community; and a — (bN/H,) = the weight
gain function for one head of livestock (see
Hart et al.).

Each household decides on h,, given the
stocking rate N/H_ established by some quality
of cooperative behavior on management of the
common property pastures (see below). For
each household, the problem is

max II, = p,f(h;,z)

hy
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[

given the egalitarian appropriation rule n =
N/IM.

Let us express the actual stocking rate N/
H, in deviation from the optimum stocking
rate (N/H )** that a central planner would
have chosen as N/H, = (N/H_.)**v, where 1
= 1 is thus defined as the level of overgrazing.

Solving the first-order conditions for f
gives
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Hence, there exists a negative externality
in the allocation of pastures to the common
pool: The optimum area in agriculture in-
creases with M as each individual captures
only 1/Mth of the benefit from the marginal
hectare he contributes to pastures by not en-
croaching further for agricultural produc-

tion. Cooperation on the number of animals
hence leads to an optimum stocking rate but

X

Copyright ©2000. All Rights Reserved.



660  August 1998
to an excessive allocation of land to food
plots compared to a fully cooperative equi-
librium because the decision to encroach re-
mains noncooperative.! The expression also
shows that individual provision of land to
pastures increases when overgrazing m de-
creases (i.e., the quality of cooperation in-
creases).

The aggregate level of provision is hence

() H=H-2h
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where the degree of heterogeneity in the
community is reflected by unequal cost ef-
ficiencies in raising livestock (c¢;) and house-
hold characteristics (z;). Predicted signs are
in parentheses above the corresponding
variable. Communal land devoted to pas-
toralism hence increases with the optimum
stocking rate (N/H,)** that reflects the qual-
ity of the pastures, with the quality of co-
operation in appropriation (—v), and with
the price of livestock. It decreases with the
size of the community and with the price of
agricultural products. This latter effect is
due to the negative externality that prevails
in provision, regardless of the quality of co-
operation in appropriation.

Linking Cooperation in Appropriation to
Provision

We now take as given the solution to the
provision problem, resulting in a predeter-
mined total amount of land in common pas-
tures. The community should now decide on
the optimum total number of animals to be
grazed on these pastures so that the group
will maximize profits. The gains from co-
operation in appropriation are well known
whenever there are negative externalities as-
sociated with use. The community, however,
faces costs to cooperation—costs involved
in devising rules and in monitoring and en-

! Under full cooperation, the optimum area in agriculture would

be given by
! bp,( N *k N\
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forcing any agreed-on stocking levels. Thus
far in the literature, costs of cooperating
have largely been considered ‘‘fixed” in the
sense that they do not change with the
agreed-on level of use (e.g., Seabright). Giv-
en fixed costs of cooperation, it would ap-
pear as if there are only two possible out-
comes for the group: Either costs are suf-
ficiently high that no cooperation can be
sustained, or costs are sufficiently low that
cooperation can prevail. However, if coop-
eration can be achieved, there is no reason
for the group not to choose the best possible
outcome.? This is not what we observe when
we carry observations across communities.
To allow for varying levels of quality in co-
operating, we introduce costs to cooperation
that change with the level of agreed-on
stocking levels.? This specification leads to
the determination of an agreed-on level of
appropriation that is higher than the social
optimum that would prevail if there were no
costs of enforcement. This outcome resem-
bles a variable ““level’” of cooperation when
in fact it is a fully cooperative outcome that
balances the benefits and costs of obtaining
cooperation.

The literature is divided on the effect of the
quality and abundance of the common re-
source, and hence on the effect of the level
of provision, on the incentive to cooperate.
One can argue that “‘cooperation” is more
likely to arise as the resource becomes more
scarce (as availability declines, at some point,
the community gets together and decides in a
Hirschman-type response that it has to organ-
ize for a more efficient use) or that cooper-
ation is more likely to obtain when the re-
source is sufficiently abundant to generate
high gains from cooperating; see Bardhan. In
the framework that we develop here, as the
level of provision influences both the benefits
of cooperation and the costs of obtaining this
cooperation, the optimal level of appropria-
tion that the group will cooperatively choose
depends on the level of provision of the com-
mon resource.

Consider a two-person game over the num-

2 This statement requires that we abstract from imperfect infor-
mation problems. In our model, we assume perfect information on
use rates, which seems to be particularly well suited in describing
pastoral operations in village economies.

' A few researchers have been concerned with the optimal number
of group members and specify that transactions costs involved in
supporting cooperative agreements are likely to increase with the
number of members. In our model, as in village economies in general,
the membership base is fixed.
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ber of animals (n;, n)) to graze on a common
property pasture of given size H,.. The profit
from grazing is defined as above:

b(n; + n)

H Ccn;

i

w(n,;, nj) = pmn;a —

<

Lj=1,2 i % j.

Each of the two players has two strategies:
one is to cooperate and graze the number of
animals agreed on in a joint maximization, n,
= n*, the other to not cooperate and graze the
number of animals consistent with individual
maximization given the number of animals
grazed by the other player, n;(n;). Let us call
n° the Nash noncooperative solution when
neither player cooperates.

We hypothesize that the enforcement costs
will be a function of (a) private incentives for
members to deviate from any agreed-on level
and (b) sociocultural characteristics that either
help or hinder a group’s ability to devise and
maintain an institution for ‘‘governing the
commons.” First, we develop the concept of
incentives to deviate and then discuss their
relationship with the costs of attaining a co-
operative solution. Second, we consider the
sociocultural characteristics that will act as
shift variables in the cost function.

As captured explicitly in prisoner’s dilem-
ma games, there are two types of incentives
for a person not to cooperate. If he believes
that all others will cooperate, his best response
is to not cooperate and to add more animals.
This is the incentive to cheat, which is equal
to the difference between the profit obtained
by abiding to the agreement (given that the
other person cooperates) and the profit of op-
timally cheating:

It = m(ni(n*), n*) — w(n*, n*).

The second type of incentive to consider is
associated with avoiding losses that would be
sustained if one were to be duped (i.e., of
cooperating while the other person cheats).
The incentive to not be duped is the potential
gain in profit from cheating given that indi-
vidual j himself cheats (i.e., plays his best
response to whatever i decides to do, which
is nf(n*) if i cooperates and n*° if i does not
cooperate):

P = w(n®, n*) — w(n*, nj(n*)).

We assume that the equilibrium cooperation
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level can be enforced if the group undertakes
supervision and punishment measures that are
costly. This enforcement cost increases with
the incentives to defect as follows:

YOI+ Y X I,

where v* are y™P are unit enforcement costs.

Many researchers have enumerated factors
associated with successful management of the
commons (see Baland and Platteau, Oakerson,
Ostrom). These factors include sociocultural
characteristics that decrease the costs of mon-
itoring and enforcement, such as proximity,
ethnic homogeneity, the power of social sanc-
tions, and the ability of traditional authorities
to regulate use. They also include physical
characteristics such as resource quantity and
quality, which are affected by the level of ag-
gregate provision. Hence, y“* and y"? will be
function of these features and of provision.

We assume that the objective of the group
is to maximize the net welfare gain from co-
operation:

W =2 mn*, n%) — o > I

— yND 2 I — 2 m(n%, n*°).

i

This cooperative solution is only meaning-
ful if W* > 0. It will be enforceable without
explicit transfer if there is a positive profit
gain, w(n*, n*) = w(n*°, n°), for each pro-
ducer i. The constrained cooperative solution
is (see McCarthy, Sadoulet, and de Janvry):

1+ é,ych + %,YND

n* a—¢lp, 2
H 4b 9 1
€ 1 + Z~Ch 4 —ND
Y 2
i/ TR N
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where 7 is overgrazing, defined as the eco-
nomically optimal stocking rate under costly
cooperation relative to the optimal level that
would be obtained if cooperation had no cost.
For v > 2, the only enforceable stocking
rate is the noncooperative level,

*

3
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. H, 3b

X

Copyright ©2000. All Rights Reserved.



662  August 1998

This expression shows that the enforceable
aggregate stocking rate lies between the cost-
less cooperative equilibrium N** (as calcu-
lated in standard cooperative models) and the
noncooperative equilibrium N°°:

N** _a-clp _N* N
H  2b H, ~ H
a — ¢lp,
= 2—————
3b

fory* =0 and 0= " =2

These results show that overgrazing in-
creases with the unit costs of enforcement and
that it tends to the noncooperative level for
very high unit enforcement costs, y** —  or
y"? = 2. Hence, all socioeconomic commu-
nity member characteristics (z;) and physical
characteristics of the resource (z;) that con-
tribute to the reduction of the supervision and
enforcement costs will support cooperation at
a higher level of efficiency in resource use.
If, as expected, surveillance and enforcement
are more expensive on larger expanses of pas-
tures, the aggregate stocking rate will be a
decreasing function of resource provision, H..
Some have argued, however, that cooperation
may increase with resource provision because
it increases the returns from cooperating (Bar-
dhan). Hence, there is an ambiguous sign be-
tween H, and the costs of cooperation. Fol-
lowing Olson, these costs should, however,
unambiguously increase with M, the size of
the community.

The aggregate stocking rate N*/H, is an in-
creasing function of (a — ¢/p)/b. Hence, the
optimal stocking rate under costly cooperation
is higher on better pastures (higher a and low-
er b) and for more efficient livestock produc-
tion (lower ¢). We can also show that (a) prof-
its under both noncooperation and coopera-
tion, (b) individual profit gains from coop-
eration, (c) incentives to defect, and (d) the
overall welfare gain from cooperation are all
increasing with [(a — ¢/p)*/blp,H.. Profits un-
der cooperation are a decreasing function of
the enforcement costs y°" and y"”. This shows
that gains from cooperation are larger on bet-
ter pastures and for more efficient livestock
production and in communities with lower en-
forcement costs.

We can summarize the comparative static
results as follows:
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The literature has seldom addressed the po-
tential role of resource abundance, here af-
fected by the level of provision, in shaping
the conditions for cooperation. Bardhan has
proposed that cooperation is less likely when
resources are either very scarce or very abun-
dant, creating the equivalent of a Laffer curve
between resource abundance (provision) and
cooperation: When resources are scarce, the
benefit from default is very high and coop-
eration breaks down; when resources are
abundant, the opportunity cost of waste and
inefficiency does not seem so crucial, and co-
operation might not be worth the cost. The
link between resource abundance and incen-
tive to cooperate is taken into account in our
formulation. However, because all profits and
incentives are proportional to the level of re-
source endowment, the level of overgrazing
7 is not influenced directly by this effect on
incentive, and the resource endowment influ-
ences the quality of cooperation only through
its effect on the costs .

Joint Determination of Provision and
Appropriation

In the first section of this article, we showed
that the decision on provision is influenced by
the expected quality of cooperation, as re-
flected by the chosen stocking rate. In the sec-
ond section, we established that when coop-
eration is costly to enforce, a community will
decide to set a stocking rate closer to the in-
dividual optimum to reduce the incentives to
defect. This intermediate quality of coopera-
tion, as compared to what would be obtained
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v = Enforcement costs, H_. = CPR abundance

Overgrazing N

Appropriation

~

N~ ..
Provision

H,
a. y decreasing in H,

Figure 1.
forcement costs, H, = CPR abundance)

if supervision and enforcement were costless,
is itself a function of provision to the CPR.
Taken together, these two relationships deter-
mine endogenous levels of provision and ap-
propriation. This can be summarized with the
two functions derived from equations (1) and

2):

(+)

N V¥ () (2)
Hc:f(71_> ansM,Z,'

from the provision decision,

() ()
mn ="1<H(-, M’Zi,ZH)

from the appropriation decision.

Comparative statics results indicate the fol-
lowing:

1. When enforcement costs decrease with
resource abundance, increasing group size un-
ambiguously induces less provision and more
appropriation of the CPR (see figure la).
Hence, the general equilibrium effects of in-
creasing group size (i.e., when provision and
appropriation are jointly determined) rein-
force the partial equilibrium effects (i.e., when
provision is for a given appropriation rule and
when appropriation is for given provision).

2. When the cost of enforcing cooperation
increases with resource abundance, the gen-
eral equilibrium effects of increasing group
size aggravate underprovision of the resource.
However, this reduction in provision, by re-

Changes in provision and appropriation as group size increases (y =
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Overgrazing 7]
Appropriation
Provision
H,
b. v increasing inH,
en-

ducing resource abundance, mitigates the di-
rect negative effect of group size on the qual-
ity of cooperation, making the result indeter-
minate as opposed to partial equilibrium re-
sults. Hence, contrary to partial equilibrium
results, it is not always the case that a larger
group size results in more overgrazing (see
figure 1b).

3. Better quality of resources (as reflected
by ahigher level of (N/H )**) induces a higher
level of provision and a higher (lower) quality
of cooperation if the costs of enforcing co-
operation decrease (increase) with abundance.

4. The role of heterogeneity is not properly
captured in this formulation. It comes implic-
itly through the individual characteristics, z,.
If, as one would expect, heterogeneity has a
negative effect directly on the costs of en-
forcing cooperation in appropriation but no
direct effect on aggregate provision, the neg-
ative effect on cooperation in appropriation
does induce a negative spillover effect on pro-
vision.

Conclusion

We have developed a model explaining jointly
the incentives to provide for and to appro-
priate from a common property resource. In
that model, provision is noncooperative,
whereas appropriation can be cooperative, but
the quality of cooperation in appropriation is
endogenous in response to the costs of deter-
ring incentives to defect. We have solved this
problem as though there were two separate
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decision makers reacting to each other’s de-
cisions: Individual community members de-
cide on provision in response to the quality
of cooperation in appropriation, and cooper-
ation in appropriation is determined in re-
sponse to aggregate provision. This has led
us to identifying the role of exogenous vari-
ables such as community size, the quality of
natural resources, and the heterogeneity of
membership on the joint equilibrium between
provision and appropriation. We saw that the
resulting levels of provision and appropriation
differ from those predicted from separate de-
cisions.

If the agency that decides on cooperation
in appropriation anticipates the impact that ap-
propriation has on provision, the problem be-
comes a principal agent situation. The com-
munity hence has only one instrument—co-
operation in appropriation—to resolve two
problems: achieve a high-quality level of
cooperation to reduce overappropriation and
to induce a higher level of provision. Because
provision responds positively to the quality of
cooperation, the incentive for the community
is to increase spending in enforcing cooper-
ation in appropriation because it creates a pos-
itive externality on provision. Hence, we
should observe higher-quality cooperation in
communities in which provision by members
is more sensitive to appropriation. Incentives
to cooperate should hence be greater in for-
estry and grazing, where provision is impor-
tant, than in fisheries, where there is no pro-
vision problem.

Finally, cooperation may well apply to both
provision and appropriation decisions. In this
case, the community can internalize all ex-
ternalities and achieve a true social optimum.
This model of costly cooperation with joint
provision and appropriation decisions is left
to be developed.
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