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[ . | NTRODUCTI ON

A large, multidisciplinary literature focuses on the problens
occurring when multiple individuals concurrently use conmon-poo
resources such as fisheries, grazing areas, airsheds, oil pools, and
irrigation systens (see, for exanple, National Research Council, 1986;
G Hardin and Baden, 1977; MCay and Acheson, 1987; Haefele, 1974).

Sonme schol ars presune that all such problenms share a single underlying
theoretical structure -- that of an iterated, Prisoner's D |emma gane or

of.a’collective action problem Qhers have used nore specific nodels,
such as those of rent dissipation and technical externalities, to

anal yze these problens. On the other hand, many descriptions of the
probl ems faced by individuals using conmon-pool résources do not rely on
any theoretical structure to organize enpirical research or test

hypot heses. It is possible to |earn fromthese descriptions about a

wi de variety of institutional arrangenments that the users of common-poo
resources have devised to change incentives and avoid the predicted
fheoretical outcones. The institutional arrangenents used to enable

nmul tiple users to nanage common-pool resources are so diverse, however,

that it is hard to imagine that they are all directed at hel ping
i ndividual s solve exactly the same set of problens.

W began to work on "the" problemof the commons several years ago,
only to discover that what we had thought was a well defined problem
turned out to be a famly of closely related, but none-the-I|ess
anal ytically separate problenms. (See Godwi n and Shephard (1979) for an
earlier discussion of the nultiplicity of problenms in CPRs.) For
exanpl e, in sone instances, problens faced by multiple users of a

conmon- pool resource turn out to be fanmiliar problens -- such as the
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assignnent problemthat has led to a structured inquiry in many other
settings such as |abor nmarkets, college adnissions: and marita
relations. Qher problens involve situations that parallel those of
pure collective goods where the free-rider strategy can easily dom nate
the choices nade by participants |leading to under or no provision of a
desired benefit.

W began to discover the full scope of the multiple subproblens
involved in the use of comon-pool resources as we devel oped a research
agenda whi ch focused on two distinct, but conplenmentary, forns of
enpirical investigations: (1) the measurement of structural variables,
strategies, and outcones in natural settings and (2) the construction of
experinmental common-pool environnments in a |laboratory setting. Qur
central question was how various types of institutfonal arrangenents and
i ndi vidual incentives used in relation to inshore fisheries, irrigation
systens, and groundwater basins exacerbated or anéljorated col l ective
action problems in these settings.

The attenpt to devel op testable nndgls to explain patterns of
strategi es and outcones observed in natural settings as well as
constructing simlar experinmental settings forced us to be precise in
defining the structure of the problenms we were going to neasure or test.
The rent dissipation problem analyzed in the literature on fisheries
(Gordon, 1954; Smith, 1968; Bell, 1972) had a nathematical structure
with a close affinity (but not equivalence) to an iterated Prisoner's
dilemma. W also observed fishery cases where the process of rent
di ssi pation was apparent as well as those where the rules used by the

fi shermen had enabled themto avoid this problem \Wen we closely
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anal yzed one of the nore successful cases, where the fishernen had
devised rules to prevent loss of profits, we found that the rules that
the fishermen had devised in this case dealt prinmarily with an
assi gnment probl em (see Berkes, 1986a, 1986b; E. Ostrom 1988). Sone
fishing spots are far better than others in which to harvest fish. The
conflict and uncertainty engendered in fighting over the better spots
rai sed production costs above those needed sinply to harvest the fish.
When we devel oped a theoretical nodel in order to examne the effect of
diverse rules on the damage caused by fighting and on transportation
costs, we devel oped an assignnent game as our base nobdel (see Gardner
and E. GCstrom 1987). The mathematical structure of this gane is
considerably different fromthat of a Prisoner's D | emma.

Further, we discovered that while assignnent problens were
frequently encountered in irrigation systenms, that an equally inportant
problemis maintaining the irrigation systemitself over tine. Decisions
made today affect the operation of the systemitself in the future
Ti me dependence is also an inportant attribute of the problens involved
in the potential destruction of a fishery or of a groundwater basin.

Most anal yses of iterated ganes assune that the payoff structure remains
constant over time. But to adequately characterize nai ntenance or
destruction probl ens, one needs to exam ne time dependant payoff
structures rather than sinple iterated ganes.

The need to bring conceptual order to the diverse types 6f pr obl ens
| oosely referred to as the "commons probleni occurred as we designed our
first experinent. Qur hope was to build a "baseline" experiment (or a

set of baseline experinments) that could then be nodified over tine in a
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cumul ative way. First, we wanted to create the sinplest possible
exenpfar Qf a type of situation. Next, keeping the basic structure of
that situation in tact, we wanted to jntroduce factors that would
enhance or detract fromthe ease with which respondents in a lab would
be able to achieve an optimal |evel of payoffs at the group level. W
perceived these factors as not affecting the kind of situation we were
constructing but rather the difficulty involved in this kind of
situation. Qur next step would be to tie the "base situations" to one
another in a cumul ative fashion if that were possihle. I n other words
we wanted to know how assignment problens related to rent . dissipation
probl ems and tine-dependant resource destruction problenms. |In that way,
we hoped that both our theoretical and enpirical results would cunul ate

W are now wel | enbarked on our research program W have
conpl eted several formal nodels, conducted initial baseline experinents,
and are undertaking parallel research in natural settings. V@ have
found the way that we have classified common-pool situations to be
fruitful in organizing our own research and understanding. W think
that it is also a useful device for organizing the work of others in
this field and enhancing the cumulation of research findings. It is not
possible in our individual papers to do nore than allude to the gener a
conceptual frame of our overall strategy. Thus, in this paper we focus
on the conceptual analysis that underlies nmany of our own and others on-
going work related to the study of common-pool resources (hereafter
CPRs) .

The remai nder of the paper is organized as follows. |In section Il

we formalize a minimal set of conditions for defining what we see as
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necessary conditions for a commons dilemm. Section IIl illustrates
several exanples of how previous authors have franed, nodelled or
i nvestigated a subset of the problens encountered in comons environ-
nments. |In section IV, we develop a nonenclature and franmework for what
we view to be a useful way of organizing the conplex set of interrelated
problenms related to the use of CPRs. An exanple of parallel field and
| aboratory work is discussed in section V. Final remarks are offered in

section VI.

[1. CONDI TI ONS NECESSARY FOR A COWCONS DI LEMVA

Cbnnnn—pooi resources are defined to be sufficiently large natural
or nman-nade resources that it is costly (but not necessarily inpossible)
to exclude potential beneficiaries from obtaining benefits fromtheir
use. As a result of the work of schol ars such as Garrett Hardin (1968),
Mancur O son (1965), Scott Gordon (1954) and others, many presune that
when individual s use such resources jointly, each individual is driven
by an immutable logic to withdraw nore of the resource units (or invest
less in the resource) than is optimal fromthe perspective of all of the
users. Individuals jointly using a CPR are presuned to face a tragic
"situation in which their individual rationality leads to an outcone that
is not rational fromthe perspective of the group. W classify this

behavioral result as a "CPR di |l emma. "

Let us clearly specify what assunptions are necessary to produce a

CPR di | emma.
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Condition 1: Resource Unit Subtractability

The presence of a CPR t.hat nmakes available a flow of resource
units over time that are subtractable, in the sense that a
resource unit wthdrawn or harvested by one individual is not
fully available to another individual. Exanples of CPRs and
their resource units include: i) A groundwater basin and acre-
feet of water; ii) a fishing grounds and tons of fish, iii) an

oil field and barrels of oil punped.

It is inportant to distinguish between the resource as a stock and

the harvest or w thdrawal of use units as a.flow (see Bl omuist and E

Cstrom 1985). This distinction is especially useful in connection with

renewabl e resources, where one can define a natural replacenent rate.

There', as long as the withdrawal rate does not exceed the natural
replacement rate, the resource will not be exhausted. When a resource
has no natural replacement (exhaustible resource), then any w thdrawal

rate will lead to exhaustion.

Condition 2: Miltiple Appropriators
More than one individual or team of individuals are w thdraw
ing or harvesting resource units fromthe resource. Follow ng
Plott and Meyer (1975) we call the process of wthdraw ng
units "appropriation" and we use the term "appropriators" to
refer to the individuals or teams of individuals who are

appropriating units.



Condition 3: Suboptimal CQutcones
The strategies of the appropriators, given a particular
configuration of the physical system technology, rules,
mar ket conditions, and attributes of the appropriators, |eads
to suboptinmal outcomes fromthe perspective of the
appropriators.

Condi tion 4: Constitutionally Feasible Alternatives
G ven existing institutional and constitutional arrangenents,
at least one set of coordinated strategies exist that are nore
efficient than current decisions and are "constitutionally
feasible." That is: (i) a set of strategies gxist in which
total discounted benefits exceed total discounted costs
i ncl udi ng pfoduction, i nvest ment, governance, and transaction
costs and (ii) given existing rules for institutional change,
there exists a necessary consensus for such a change. A
sufficient (but not necessary) condition for such a set of
feasible alternatives would be the existence of a Pareto
Optimal set of coordinated strategies which are individually

advant ageous to all appropriators or potenti al appropriators.l

Conditions 1 and 2 and the definition of a CPR are necessary to
create what we call a CPR situation. Condition 1 distinguishes between
situations that are public good situations and thoge that are CPR
si tuations.

Conditions 3 and 4 distinguish a CPR di.lemma froma sinple CPR

situation. If suboptinmal outcomes are not produced for at |east one
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conbi nati on of the physical system technol ogy, rulesﬂ mar ket condi -
tions, and attributes of the appropriators, there is nothing problenatic
in the situation. |If no alternative set of constitutional feasible
strategies (given discounted benefits and costs) would produce both a
better outcone for the appropriators or for the group.of current and

potential appropriators, there is no dilemm.

I'1l. PREVIOQUS ANALYSES

Many anal ysts presune that all CPR situations are also CPR dil emmas
and can be best represented by the Prisoner's Dilenma (hereafter PD)
game or the general problemof the logic of collective action (d son,
1965). G ven these representations of the situatian, it is presuned
that the participants thenselves, unless they are in a very small group
coerced, or offered positive side-paynents will not voluntarily adopt
alternative strategies. Wiile theorists are al nost unaninmous in their
pessinisn1ab0ut the likelihood of endogenous solutions to PD ganes, they
divide into two canps when it cones to proposed solutions (E Ostrom
1987; 1988). (ne canp strongly advocates turning to a.centra
government to inpose a solution on those who use CPRs. The PD gane has
repeatedly been used as the foundation for the creation of a strong,
central state. The other canp vigorously advocates inposing private
property rights on the users. It is presunmed that by dividing the
comons into small chunks of private property that individual incentives
wi Il be changed to produce optinal outcones.

In presuming that all CPR situations are CPR dilemas and are best

represented by the PD gane, several errors are made. 2 One nistake is
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the presunption that whenever nultiple appropriators w thdraw
subtractable units froma CPR (Cbnditions 1 and 2), that subopti nal
outcomes will occur (Condition 3). There are many CPRs in the world
which neet Conditions 1 and 2 and do not neet Condition 3. In some
CPRs, the quantity denanded of the resource unit in a particular
environnent is not high enough to induce appropriators to pursue
i ndi vidual strategies that produce suboppinal outconmes. Such situations
are not problematic in nature even though they m ght become so if either
the demand for the resource unit were to increase or the cost of
appropriating the units were to decrease substantially.

In other CPRs, the quantity denmanded of the resource unit in the
environnent is sufficiently large so that appropriators would be
notivated to pursue individual strategies that produce suboptinal
outcomes if they did not adopt coordinated strategies. By a coordinated'
strategy we nean a feasible strategy adopted by each appropriator
regarding how nuch, when, where, and with what technology to withdraw
resource units and how much and/or when to invest in supply or
mai nt enance inputs taking into account tHe past, concurrent and
anticipated actions of other appropriators. Two types of coordinated
strategi es may occur.

One type of coordinated strategies is the result of an evolutionary
or learning process whereby appropriators eventually reach and naintain
a set of individual strategies that increase joint (and individual)
payoffs relative to the suboptimal outcones that woul d have existed
wi t hout the evolved or learned strategies. The second type is the

result of a self-conscious effort to change the institutional rules-in-
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use affecting the structure of the situation so that individua
i ncentives operating within the reforned struqture avoid the suboptina
outcomes for the participants. 1In other words, closing access and
regul ati ng use patterns by the appropriators thenselves is one type of
"solution" (see Griacy-Wantrup and Bi shop, 1975). W will refer to any
CPR situation that earlier net all four conditions but now only neets
Conditions 1 and 2 as a resolved CPR di |l emma.

When anal ysts presume that all CPR situations are automatically CPR
di | emmas and nust have.a solution (either centralization or privatiza;
tion) inposed on themby external actors, they include too nany
situations in their reference. Non-problematic CPRs and resol ved CPRs
are included as well as genuine CPR dilenmas in the smeep of their
policy reconmendations. If their policy-reconnendations are accepted,
some CPR situations would be "reforned" when there is no need for a
"reform' as there is no problem Resolvéd CPR di | emmas may becone
unravel ed again as the solutioh i nposed from the outside does not take
into account the prior solution evolved by the appropriators thensel ves.
In either case, costly policies are proposed that will not acconplish
their presuned objective. ‘

Further, turning nowto genuine CPR dilemmas, not all of the
subopti mal outcones produced in CPR dilenmmas are the result of a set of
incentives with the sane structure as a PD ganme. Even if one limts
oneself to gane theoretic structures, there are multiple strucfures
which are illustrative of incentive schenes found in subproblems wthin
existing CPR dil emmas. For exanple, M chael Taylor has denonstrated for

a broader class of collective action problenms, many purported PD ganes
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have quite different structures including those of Chicken and Assurance
ganes. For a 2-player, 2-strategy gane to be a Prisoner's Dl emm,
i ndividual incentives require a véry special pattern of payoffs as
illustrated in Figure 1. For the class of symmetric-payoff matrix
games, the PD gane requires (a >c¢, b >d, d>a). Many subproblens
within the context of a CPR dilenma can be represented as havfhg this
incentive structure (see R Hardin, 1982; Dawes, 1973; and Dasgupta and
Heal, 1979). On the other hand, if (c >a, b > d, a>d) the gane that
results is Chicken. Such a CPR situation was described by M chael
Tayl or:
.Consi der, for exanple, two neighboring cultivators whose crops
depend upon proper naintenance of dikes and ditches for flood
control or irrigation. There is a mninmmanmunt of work
whi ch nust be done; either individual alone can do it all, but
each prefers the other to do all the work. The consequences

of nobody doing the work are so disastrous that either of them
woul d do the work if the other did not (Taylor, 1987: 36).

Alternatively, if the payoff patternis (a>c, d>Db, a>d)
the resulting game is one of Assurance. An Assurance gane can represent
many CPR situations where no one person's contribution is sufficient to
gain a collective benefit but both person's contribution will produce
the joint benefit. Thus, both players would prefer to contribute to the
provision of a collective benefit IF and ONLY IF the other player also
contri butes. thersze, bot h players would prefer not to contribute at
all.

As we will show later in the paper, other subproblens within CPR
dil emmas can be represented by still other gane structures beyond that
of PD, Chicken, and Assurance ganes. Further, although there are strong

simlarities in the nornal forns of nmany of the incentive structures
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found in CPR environments, the extensive form of the decision space can
significantly vary. It is an inportant enpirical question of whether
strategy spaces simlar in normal form but different in extensive form
will lead to parallel observations of actual choice decisions. (See for
exanpl e, Isaac and Wal ker (1988) for a discussion of this issue inits
relation to binary choice Nperson Prisoner's Dlenma ganmes and the
vol untary provision of public goods with a continuous space.)

Thus, there are several major problens with the current state of
theoretical and policy oriented understandi ng of the problens involved
.in the human use of CPRs. Too many environnents, that share. sonme but
not all underlying simlarities, are treated as if they ver e fully
simlar. Environments that share two out of the four conditions needed
for a genuine CPR dilenmma are incorrectly targeted for policy reforms
that may not be needed and may even-be harnful interventions.
Environnents that share all four of the conditions needed for a genuine
GPR dilemma are inappropriately represented by one general theoretical
structure when several are needed to capture adequately the types of
problenms facing participants. It is tolthis latter problemthat we now

turn.

V. A STRUCTURE FOR CLASSI FYI NG CPR DI LEMVAS

Wiile GPR dil enmas share much in comon -- as is obvious fromthe
above -- the particular analytical problemor problens that ap-
propriators face in one CPR environment nay vary rather narkedly from
the particular analytical problem faced by another set of appropriators

usi ng another resource. Analytically, it is quite a different task to
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develop a set of rules that assign fishernmen to a set of fishing spots
with differential returns than it is to design a set of rules to induce
| abor contributions by a set of common irrigators to keep an irrigation
channel in good repair. The set of problens that appropriators may face
can be usefully clustered into two broad types: appropriation and
provi si on probl ens.

In appropriation problens, the production relationship between
yield and level of inputs is assumed to be given and the problemto be
solved is how to allocate that yield (or input activities to achieve
that yield) in an econom c and equitable fashion. Provision problens,
on the other hand, are related to creating a resource, nmaintaining or
fnproving the production capabilities of the resource, or avoiding the
destruction of resource systens thensel ves. In other words, in
appropriation problenms, we focds attention on the flqw aspect of the CPR
-- in particular, authority rules defining rights to the use units of
flow wi thdrawn or harvested by users. |n provision problens, we
concentrate on the stock aspect of the CPR -- including the inplication
of current withdrawal rates for future values of the stock, as well as

other capital good features of the resource.

Appropriation Probl ens

Sol ving appropriation problens focuses on the allocation of the
yield (flow of a resource in terns of: (1) the quantity of resource
units to be appropriated or the dual problem of determ ning the
efficient level and mix of input resources necessary for obtaining that
yi el d, (2)'the timng and | ocati on of appropriation, and (3) the

appropriation technol ogies adopted. The terns "rent dissipation,”
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"assi gnment problens,” and "technol ogical externalities" are regularly
used in the econonics literature to differentiate these pr obl ens.

Rent is dissipated when private investnments nmade in appropriation
activities are greater than economically optinmal. Evidence of a rent
di ssi pation probleminclude over-capitalization, too many appropriators,
or too large a harvest rate (or conbinations of these three). The mofk
of schol ars such as Agnello and Donnelly (1975), Bell (1972), Christy
and Scott (1965) and Cordon (1954) is directed toward behavi ora
deci si ons which belong to this category. Lack of clarity or inap-
propriate assignment of appropriations to spatial or tenporél slots
leads to outconmes such as conflict and viol ence and increased production
and transaction costs (see Gardner and E. Ostrom 1987; Gale and |
Shapl ey, 1962). Robert J. Barro and Paul M Romer (1987) discuss a
variety of assignnent problens including those associated with ski-lift
pricing, open-access fisheries, and the determ nation of rooms for
prof essional neetings. Technical externalities occur when the presence
of some users or their technol ogi es increase production costs for other
users. Appropriation problens can be conceptualized as either one-
shot static situations or as iterated, tine-independent situations
Thus, our classification schene separates appropriation problenms from
alternative forns of dilenmas which are concerned with increasing or
decreasing the productive capabilities of the resource over tine. In
its nmost fundanmental form appropriation deals sinply with the problem
of equating the marginal costs of appropriation with the nmargi na

returns’ from appropriation. -
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A. Rent dissipation - The nost basic appropriation problemis rent
di ssipation, since rents are dissipated whenever the marginal returns
froman appropriation process are not equal to the'narginal costs. The
si nmpl est nodel of rent-dissipation assunmes honbgeneous appropriators,
resource units spread across space in a hormpgeneous fashion, and the use
of a honobgeneous technology. The logic of rent dissipation follows from
a behavi oral assunption that margi nal appropriators of the resource wll
ignore the inpact of marginal investnents on the return of intra-
mar gi nal i nvestnents. It follows that such strategic behavior will
yield an outconme in which inputs are invested as long as the average
return fromthe investnent exceeds the nargi nal costs of such invest-
ments. See Gordon (1954) for one of the earliest expositions of this
dilenma and the work of such authors as Johnson and Li becap (1982) for

nore recent di scussions.

B. Assignment - Changing the assunption regarding the spatial charac-
teristics of the resource units creates an assi gnment problem  Many
fishing grounds, for exanple, are characterized by "fishing spots” which
may vary dramatically in terns of their yields. Farners who may take
water froma location on an irrigation canal near the head of the system
may obtain nuch nore water for their effort than farners who nust take
water froma "tail-end" posi tion.

The sinplest exanple of the assignnent problemis the follow ng
game. The CPR say a fishery, consists of two spots of known val ue vi,
vl >v2. There are two users. A user may utilize either spot, but not
both simultaneously. The resulting 2-player noncooperative game is

portrayed in Figure 2. The payoffs assune that two users using the sane
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spot catch the same anount each. For vl > 2(v2), ‘each user has a
domi nant strategy, to use spot 1. Thus a unique equilibriuh1point
exists, with both users on the best spot. For vl - 2(v2), there is a
conti nuum of equilibriumpoints, but only the equilibriumw th both
~players on the best spot is perfect. For vl < 2(v2), neither user has a
dom nant strategy. In this case, there are three equilibriumpoints.
Two of these, with one player at each spot, are even efficient
arrangenments. However, neither of these is likely to enmerge in an open-
access CPR  Much nore likely fromthe standpoint of Harsanyi-Selten
selection theory is the equilibriumpoint in nmixed strategies. Only
part of the tine is there a user on each spot, and bot h payoffs are
equal . Thus, none of the equilibria we expect to be played in the
paraneter space (vl, v2) are social optinma. Al could be inproved upon
by coordinated strategies of one kind or another.

Irrigation systenms around the world have to cope with assignment
problems. Those that are managed by local irrigators and do so with
little conflict have devel oped effective rules fbr’assigning time slots
to different irrigators. Messerschmdt (1986: 463) describes one such
systemin the follow ng way:

To make distribution equitable for all farmers over the course

of the year, the barley crop was watered fromthe top of the

north fields dowward; that is, the fields closest to the head

received first water. For buckwheat, the watering order was

reversed so that the farther fields were watered first. This
traditional rule was renenbered in a Thakali rhynme: kar

vaal aa. nhaa mhal aa, neaning 'barley fromthe top, buckwheat
fromthe bottom.

C. Technological externalities - Changing the assunption regarding the

presence of a honmbgeneous technology creates a technol ogical externality
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probl emwhen the use of one technology increases the costs for the users
of other technologies. For fishing trawers to be able to operate
efficiently, for exanple, these boats need to be able to travel over a
fairly large domain. Fixed nets and trawl ers operating in the same
territory increase the operating costs for both types of production
technologies. Simlarly, if one group of fishernen begin to use
dynamite in their fishing efforts the costs for other fishers rise as a
result of this production technology (cite). Many fishing comunities
have established extensive rules allocating space within a fishing
grounds to different types of technol ogies at di fferent seasons of the
year so as to reduce the external costs. A well-docunented case of the
use of these kinds of rules to cope with problens of technica
externalities in the fishing village of Fermeuse, Newfoundl and was
witten by Kent Martin (1979).

W can think about the |inkages anmong appropriation problens as
illustrated in Figure 3. Rent dissipation is the underlying behaviora
dilemma. The formof rent dissipation varies within specific CPR
environnents as internal variables such as spatial heterogeneity or

technol ogi cal heterogeneity are varied.

Provi si on Probl ens

Anal yses of provision problens begin at the conceptual |evel of the
optimal size and productive nature of the resource itself (the stock).
Provi si on problens focus on the behavioral incentives for appropriators
to: (a) contribute resources for the provision or maintenance of a CPR
supply side provision or; (b) alter appropriation activities Qﬁthin an

existing systemin such a manner as to change the w thdrawal patterns
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fromthe CPR so as to maximze nultiple period returns or even possibly
avoid the extinction of a biological resource, demand side provision

The supply side dilemma faced in CPR environments is one of
pfovision of the resource itself and/or nmaintenance of the resource
The classic supply side provision pfoblen1found in the CPR literature is
that of the maintenance required to keep an irrigétion system operati ng
appropriately (see Coward, 1980; Chambers, 1977; and Easter and Wl sch
1986 for analyses of this problem). Martin and Yoder (1983) provide an
i n-depth description of the extensive efforts that |ocal farmers have
undertaken in the nountai nous areas of Nepal to build and nmaintain their
own irrigation canals as well as the rules they use to insure the
conti nued mai ntenance of these systens. De los Reyes (1980) provides
simlarly detailed accounts of how 47 different communal irrigation
systens in the Philippines have been able to keep locally constructed

irrigation canals in good working order.

Conceptually the supply side CPR dilemma links directly with the
theoretical and enpirical literature focusing on public goods provision.
However, it is inportant to note that although the incentives of
individuals in a supply side CPR provision problemnay in part paralle
those of provision of a pure public good, the physical characteristics
of the CPR resource and its yield do not in general take the formof a
pure public good. Parallel to pure public good provision, in an open
access CPR, free riding may be possible in naintenance or provision
since it may not be economically feasible to nmonitor. In general,
however, a CPR resource and its yield are not characterized by pure non-

rivalry (subtractability) in consunption (see Nitzan, 1988).
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The classic problemon the demand side is the maxim zation of
di scounted present value of returns and/or extinction of biologica
species as a result of an appropriation rate higher than the ninimal
safe yield for the resource. This formof the CPR dil enma has been
theoretically nodel |l ed under varying assunptions by authors such as
Clark (1976) and Smith (1968). At the enpirical Iével, t he demand side
provision problemis conceptually the choice probleminvestigated in
earlier experinental research such as Brechner (1976), Cass and Edney
(1978), Jorgenson and Papci ak (1980), Messick and McC elland (1983), and
Messick, et al. (1983). 1In these.experinents, subjects face a genera
probl em of appropriating resources froma comon pool whose regenerative
powers depend on the stock of existing resources. Blomguist (1987) and
Bl omqui st and E. Ostrom (1985) describe the problens faced by a group of
wat er producers utilizing groundwater basins |ocated adjacent to the
ocean. \When water wi thdrawn exceeds the average safe-yield of the
basin, salt-water intrudes along the coast destroying the capacity of
the basin to hold potable water into the future. To replace the
reservoir functions of groundwater basiné in Southern California is
extraordinarily expensive. Thus, the "provision" problemfacing the
producers is one of reducing their current w thdrawal of use units from
the resource itself, in order to be sure to provide the resource over a

| onger tine period.

To illustrate a demand side provision problem suppose that fish
are distributed honbgeneously spatially and the entire popul ati on at
time t is x(t). An individual fisher's strategy is to harvest h; (t).

Fi sh popul ati on dynam cs satisfy:
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x(t + 1) = f[x(8)] - E hy (t),
i
if there are n fishers. The term £{x(t)] represents natural increase.
If
n
f{x(t)] < E hy (t),
i
then, the population is falling each period and may collapse. Along
such a path, payoffs (harvests) will also be falling period after
period.

Depending on the specific characteristics of the dilemma in
question, provision problems may strategically take any of these forms:
one-shot games, time-independent repeate& games, or time-dependent
repeated games, For many CPR dilemmas, the most natural representation
is a time-dependent repeated game. One-shot games or time-independent
repeated games are adequate reﬁresentations when the natural replacement
rate is at least as great as current and foreseeable withdrawal rates
and the CPR is otherwise able to maintain itself., The CPR is
practically inexhaustible. 1In the case of a CPR dilemma, this condition
is gemerally not met and one is forced to deal with the time-dependent
features of the situation., In time-dependent situations, approprilators
face an environment in which the strategies they have undertaken in time
perlods t-1, t-2, . . . affects the strategies available to them in time
periods t, t+l, t+2, . . ., Time dependant provision problems can be

arrayed as in Figure 4,
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fhe Rel ati onshi p Between Appropriation and Provision Probléns

In natural settings, individuals frequently féce conbi nations of
appropriation and provision problens. For analysis, however, it is
possible to treat them as separate problens in order to gain a clearer
under st andi ng about what is involved in reducing the severity of each of
these problens. Appropriation problené are an easier class of problens
to analyze. Further, there are nmany problens that appropriators face in
CPR dil emma situations which are strictly appropriation problens and do
not involve either a demand side or a supply side provision problem
Wile it is possible to analyze provision problens apart from appropria-
tion problenms, in natural settings they will tend to occur together. It
is hard to imagine a set of appropriators who are facing a provision
problemin a natural setting who do not ‘al so face An appropriation

pr obl em

V. Enpirical Verification: Rent Dissipation in the Field and Lab

The nomencl ature and theoretical structure discussed above defines
a framework for distinguishing between the multiple conplex decision
problenms found in CPR environments. Enpirical evidence is necessary for
drawi ng concl usions regarding the role of institutional arrangements
and/ or environnental paraneters in determning the degree of severity.
Qur enpirical work is follow ng two separate but conplehentary avenues.
First, we are currently involved in the coding of in-depth case studies
written by anthropol ogists, agricultural economnists, sociologists, human

ecol ogi sts, and others about the human use of CPRs. In this enpirica
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effort, we are extracting structured data fromqualitative narratives as
well as fromtables of data presented-by the authors of case studies.

Wth varying degrees of success, we can neasure and anal yze the
rolé of many inportant structural variables as they occur together in
natural settings. W cannot control, however, for the variables we w sh
to examne in nore detail. W are dependant upon prior authors having
found particular cases with variables in particulér configurations and
havi ng recorded themin such a manner as we can use them For this
reason, our second enpirical effort is based upon the design of a series
of CPR experinments. This nethodology allows us the flexibility of
structuring the decision environnent and incentives according to the
specific theoretical constructs we mﬁsh to exam ne. Since appropriation
probl ems can occur alone or in conbination with provision problenms, our
series of.experinents have begun by focusing first on appropriation
problens. Below, we sunmarize the results of two conpl enentary stUdies:
(i) an interesting field exanple denonstrating rent dissipation in the
formof over capitalization and (ii) sunmmary results fromour initial
set of experinments designed to investigéte rent dissipation in a

basel i ne open access environnent.

The Sri Lanken Fishery

Alexander.(1982) docunments a tragic case of rent dissipation in a
Sri Lankan, inshore fishery where expensive beachsei nes are the dom nant
forn1of equi pnrent used to harvest fish (see E Gstrom forthconming, for
a nore detailed summary of this case study). This étudy is of special
interest since it describes the dynamc adjustnment froma partially

solved CPR dilemma to one of failure, which corresponds closely with
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changing rules, as well as wth changi ng narket and denographic
conditions. (See Thonmson, Feeny, and Cakerson, 1986, for a discussion
of the evolution.gng di ssol ution of conmon property systems.) Below, we
outline the sequence of events.

The field study focuses on the overuse of beachseines in a smal
fishing village (popul ation approxinately 300). During the early 1900s
the fisherman of this village had collectively devised a relatively
conpl ex rotation scheme for allocating use patterns of approximately 20
jointly owned beachsei nes in the village. Wth th{s nunber of nets the
villagers produced a relatively stable and profitable inconme. Since
nets were so expensive (a beachseine has a use life of approxinmately 5
years, with cost of procurement equal to approxinmately 3 times the
aver age househol d's annual incone) and At | east eight men were necessary
to haul the net, ownership of a single net was divided into eight
shares. Each worker worked his own share and divided his catch equally
with the other seven owners. Shares were tradeable to yjllage nmenbers.

The stability of the set of rules and the efficiency of resultant
out cones di i ni shed over time for several key reasons. From 1901 to
1931, the village popul ation increased by 70 percent, leading to
consi derabl e pressure to increase the nunber of nefs. G ven that access
to the fishery was defined with respect to a rotation schené of nets
(nets actually had nanes and were allocated a spot in the rotation
sequence accordingly) and that ownership of a single net corresponded
optimally to eight persons, there was significant notivation to acquire
new nets. Al exander expl ains

If there are twenty nets, a man with one share will receive |/160th
of the annual catch. But if after his death his two sons take joint
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ownership of his share, they each receive only 1/32Qh of the

catch, whereas if one joins in the construction of a new net they

each receive 1/168th (A exander, 1982: 204).
Second, in 1933 the government of Ceylon passed legislation: (1)
limting the nunber of beachseines, (2) requiring registration, and (3)
opening the ownership of shares to individuals outside of.the vil | age.
The government, however, did not enforce the first aspect of the
legislation linmting the nunber of nets to the nunber in use in 1933,
but did encourage outsiders to fish in the village. A third set of
factors upsetting the prior situation was that a road was constructed in
the 1940s fromthe village to a marketing center, an ice factory was
constructed nearby, and the price of fish increase by approxi mately 400
percent. By 1945, 71 nets were in operation

At first the operation of the increased nunber of nets were very
profitable (increased prices héd i ncreased average revenues per share)
but evidence exists that (at the fishery level) the marginal product of
additional shares were negative. New entrepreneurs entered the narket,
with shares worked by wage | aborers. By purchasing shares which were
separated in sequence in the beachseine rotation schene, entrepreneurs
controlled for the risk of a "bad" catch during ény one rotation of one
of their net shares. In periods of |ow harvest, share hol ders w thout
adequat e variance of their sequence in the rotation schene, risked the
possibility of bel ow subsistence income. Al exander conputed the optina
nunber of shares within the rotation scheme to be 6.5. In 1971, 58
percent of the fisherman owned less than 5 shares.

During the next decade the ownership pattern of shares shifted

further fromthat of village control to open access. Attenpts by the
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fishernen to have the governnent enforce net restrictions went unheeded
until 1946. At fhis time the governnent agreed to enforce a restriction
of 77 nets. Over the next two decades, however, the enforcenment was | ax
and nore nets were added. By 1966, the number of nets (and a new
government limt) had increased to 108. |

In sunmmary, the changing external rules, narket, and denographic
conditions had led to the virtual collapse of a collective institution
whi ch had earlier successfully nonitored usage and restricted the degree
of suboptimal use of the resource. It is not possible to get an exact
neasurenent.of the degree of over capitalization and rent dissipation in
the resource by 1970. The followi ng data, however, are quite
illustrative. Physical conditions within the fishery suggested that 20
to 30 nets could be used optimally (nets had to be used sequentially,
not simultaneously). In 1971, however, 100 nets were owned and the
average net was used only seven tines during the year

It is noteworthy that the inpetus to control éntry into this
fishery cane from the fishernen thensel ves and the resistance to closing
access was fron]governnént officials unwilling to enforce their own
| egislation. This runs counter to the presunption that a solution to
CPR di | enmas nust cone from outside the group involved. Wiile this
exanple clearly illustrates how rent dissipation occurs in the field, it
is not particularly typical of the inshore.fisheries for mhich we have
obtai ned detailed information (as contrastéd to ocean fisheries where it
is certainly typical). In many inshore fisheries, the fishernen
t hensel ves have established de facto rule systens that close access to

the fishing grounds and regulate use patterns so as to reduce the risk
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of extrene rent dissipatfon (see Schl ager, 1989). As part of research
in field settings, we are attenpting to deternine the variables that are
associated with the enmergence of rules to control CPR dilemras from

within the set of fishernen involved

The Laboratory - Experi nent

No | aboratory experinent can capture the drana and conplexity of a
process of rent dissipation occurring in a field setting. But, by
creating a base-line rent-dissipation experinent iﬁ an experinenta
| aboratory, we cannot only test the enpirical predictions of theories
that predict rent-dissipation, we can eventually exam ne the effect of
vari abl es presuned to increase or decrease the |ikelihood that
appropriators will change their own strategies.

The theory of rent dissipation follows from a behavioral assunption
that appropriators froma CPRw || ignore the inpact of nargina
jnvestnents on the return of intra-marginal investnments. It follows
that such strategic behavior will yield an outcome in which inputs are
invested as long as the average return fromthe investnent exceeds the
mar gi nal costs of such investnents. CQur baseline experinents were
designed to test this prediction.

W interpret our experinental design as a "boundary;'experinEnt for
investigating the notion of rent dissipation in CPR environnents.

G oups were not extrenely large (N = 8) and subjects were given explicit
information on the marginal effects of investnent inthe CPR To the
extent that our behavioral results are contrary to predictions of rent

di ssipation, one is left with controllable experinental variables whose
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| evel s can be varied to search for theoretical confirmation (eg. group
size, openness of the resource, investnment information, etc.)- However,
to the extent that our.results confirmthe theoretical prediction of
di ssipation, they are suggestiVe of a theory that is quite robust.

The full design and results of our baseline e*perinents are
detailed in Wal ker, Gstrom and Gardner (1988), hereafter WOG  Bel ow,
we summarize the form of the decision environment and illustrative
resul ts.

The Deci si on Environnent

At the beginning of each experinental session, subjects were told
that they would be naking a series of investnent decisions, that al
i ndi vi dual investnent decisions were anonynmous to the group, and that
at the end of the experinent they would be paid privately (in cash)
their individual earnings fromthe experiment. Subjects then proceeded
to go through, at their own pace, a set of instructions that described
the investnent decisions.
| Subj ects were instructed that each period they woul d be endowed
with a given nunber of tokens (e;). Each period they were to invest
their endowrent between two markets. Market 1 was described as
i nvestnent opportunity in which each token yielded a fixed (constant)
rate of output and that each unit of output yielded a fixed (constant)
return. Market 2 (the CPR) was described as a market which yielded a
rate of output per token dependent upon the total nunber of tokens
i nvested by the entire group. The rate of out put at each |evel of
i nvestnent for the group was described in functional formas well as

tabular form Subjects were informed that they would receive a |level of
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~output frommarket 2 that was equivalent to the percentage of tota

group fokens they invested. #urther, subj ects knew that each uﬁit of
output frommarket 2 yielded a fixed (constant) rate of return.

Subj ects knew with certainty the total number of decision makers in the
_group, total group tokens, and that endowrents were identical. They did
not know the actual nunber of decision periods that woul d constitute the
experiment. Subjects were separated by blinders and were not allowed to
conmuni cat e.

Qur experinents are divided into two paranetric conditions (high
and | ow pay) shown in Table 1. Conditions were constant within a given
experinment. Al experinments were conducted for af ieast 20 deci sion
periods (no nore than 25). As shown in Table 1, our experimental design
called for inexperienced and experienced"groups. Experienced groups
i ncl uded subjects who had participated in any one of the previous
i nexperienced runs. No experienced group was conprised of an inex-

perienced group held intact.

Behavi or in the CPR Environment

In Figures 5 and 6 we exam ne the observed investnent decisions
fromtw of our experinents. Plotted in the figures are period by
peri od observations on the levels of marginal revenue product MRP
(denoted o) and average revenue product (ARP) (denoted *). for the market
2 investnents. Note that the hypothesis'of full rent dissipation would
inply investnent decisions in which ARP - MC. Figure 5 displays
observations fromone of our high pay - - inexperienced runs and Figure 6
for one of our high pay - - experienced runs. The figures are represen-

tative of several of the summary conclusions reported in WOG
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First, across all of our 18 experinents we observed the pul sing
pattern of investnents across periods, where ARP is reduced to very
close to MC at which tine investors tend to reduce investrments in market
2 and rents increase. This pattern tends to repeat itself throughout
the experiment. W are not inplying that we found symretry across
experiments in the nagnitude of "rent peaks" or the tining of peaks.
The general cyclical pattern i s consi stent, however, throughout our
basel ine experinents and in no experinment did we find a pattern in which
rents remai ned anywhere close to maxi num For exanple, the maxi mum rent
on average for any single experiment was 53.4 percent of optinmm

Second, as depicted in Figures 5 and 6, there.mas a general pattern
for experienced subjects to begin initial periods with |ower rents
accrued relative to their inexperienced Counterparté. Furt her
experienced groups tended to exhibit a "tighter"” pattern of investnents
across periods. Over all of our 18 experinments, inexperienced subjects
accrued rents at an average of 42 percent of optinmum conpared to 30
percent for experienced subjects. W found no systenatic evidence that
the payoff condition (high vs |ow) had a:significant effect on rents.

Finally, we found strong evidence that the level of rents accrued
decreased with repetition of the environments. Even though we found no
exanpl es of groups that stabilized at a zero rent behavi oral eqﬁi-
librium W did find systematic evidence for investments in later
periods to be characterized by "lower" rent peaks and |ower average
rents accrued. Qur experinental results roughly parallel the results

found in a natural setting once open access conditions predomn nated.
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VI. Final Discussion and Sunmary

Qur anal ysis above concentrated on what ny be refereed to as
"across type" variation anong subproblems within CPR environnents.
Specifically our framework allows for a conceptual dichotony between
subprobl ens related specifically to the flow of output froma resource
(appropriation) and those related to stock aspects of the resource
(provision). Wthin each of these concept ual subpréblens, however, the
degree of inefficiency nust be related to the specific nature of the
resource and the underlying institutional rules. It is these charac-
teristics which ultimately defined the incentive structure faced by
deci sion makers within the CPR environment. For exanple a small group_of
appropriators facing a rent-dissipation problemin an isolated setting
where few conpetitors are lured to the resource and where the yield of
the resource is easy to calculate and uniformy spread in tine and space
face a much |less severe problemthan a large group or a group |ocated
close to a region in econonic decline or a group using_a resour ce whose
yield is highly variable in time and space. A group of appropriators
who have autonony and the institutional facilities to change their own
rules may be able to resolve their own dilemas instead of needing

external reform

Many factors affect the severity of the problem facing ap-
propriators and the likelihood that the appropriators can evol ve or
| earn new strategies or design new rules. Belowwe briefly describe
five broad clusters of variables which we have found useful in
organi zing our enpirical work. W perceive these factors as not

affecting the kind of CPR subproblemwe are anal yzing but rather the
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difficulty involved within a particular subproblem The five clusters
relate to:
1. The resource and the resource units - The size and boundedness of
the resource, the availability of reliable and valid information about
resource conditions and yield, the ease of measuring wthdrawal rates,
whet her resource units are stationary or fugitive, and the variability
of resource units over tine.
2. Producti on technol ogi es and nmarket structure - The appropriative
power of the technol ogies used and the cost involvéd in using different
technol ogies. The availability of markets for input and outputs, the
stability of external nmarkets, and the conpetitive structure of external
mar ket s.
3. Qperational rules - Wiat rules are‘actually used by appropriators
to specify who has access, what actions nustf may, or may not be taken
individually or collectively, what conditions in the world nust, may, or
may not be affected, what information nust, may or may not be exchanged,
and what positive or negative sanctions may be attached to actions or
out cones.
4. Col l ective and constitutional choice nechanisms - The procedures
whi ch coul d be used to change the operational ruleé.
5. The structure of the operational action situation facing
appropriators - The nunber of appropriators, the nunber and type of
| egal positions that appropriators can possess, the dependence of
appropriators on the resource, the degree of honogeneity in terns of
assets, technology, information, skills, culture, val ues, the actions

that appropriators can take, the information that is available to
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appropriators, and the payoffs that appropriators can receive. (See E
Ostrom 1986, for a discussion of the variables involved in an action
situation and related rule configurations; see, also, Oakerson, 1986,
for a simlar analysis.)

In sunmary, this paper presents a framework for conceptually
organi zing the multiplicity of behavioral problems encountered in
comon- pool resources. The structure and nomencl ature we devel op (and
borrow ffonlearlier work in this area) can be used to nore clearly
specify the context of severaf forms of CPR behavigral dilenma and to
show the interaction between these dilenmmas. Further, the franework
allows for a clearer understanding for how broader theoretica
constructs (e.g. prisoners dilenma, coordination ganmes, etc.) can be

used shed light on these behavi oral dileﬁnas.
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Foot not es

1. Thus, constitutionally feasible alternatives include changes in the
operational rules affecting the rights and duties of appropriators and
non- appropriators acconplished by procedures authorized in the basic
constitution of a political regine.

2. Dasgupta and Heal (1979: 59) pointed out a decade ago that "contrary
to what is often clainmed, the problemof 'the common' and the resulting
sub-optimality of the market equilibriumare not formally identical to
an N-person version of the prisoner's dilenmm gane."



Figure 1
Payoff Structure: A 2X2 Game
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Figure 2
An Assigrment Game
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Figure 3
Appropriation Problems
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Figure &

Time Dependant Provision Problems
Yield in Time t Depends on Strategies in Time t-1, t-2
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TABLE T

EXPERIMENTAL DESIGN
Parameters for a Given Decision Period

Experiment Type: High Pay Low Pay
Inexperienced Experiments 4 6
Experienced Experiments 4 &
Number of Subjects* 8 8
Individual Token Endowment 10 10

Production Function: Mkt.2¥*  25(Ex;)-.30(Ex;)2  15(Ex;)-.15(Ex;)?

Market 2 Return/unit of output .01 $.01
Markest 1 Return/unit of output $.05 §.05
Earnings/Subject at Group Max. $.92 $.30
et e PR LTRSS

In two experiments (one inexperienced and one experienced)} we had only 7
subjects. In these experiments subjects received an endowment of 12
tokens. '

Ex; = the total number of tokens invested by the group in market 2.
The production function shows the number of units of output produced
in market 2 for each level of tokens invested in markert 2.
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'MARKET 2 INVESTMENTS: EXPERIMENT 1XHP
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