


Bargaining and Enforcement Model of OPEQ@25

the sucker payoffThis payoff level is achieved when the small state restrains its
production and the large state produces at its noncooperative?fevel

The large state has either PD preferen€gs> R. > P_. > §), if its own
production does not lower the price of ,odr Stag Hunt preferencd®, > T, >
P. > ), if both its own production and the small states’ production have an
effect on price Under either set of preferencddefect-Defect is a Nash Equilib-
rium of the stage game

Sustaining cooperation. Under what conditions can cooperation be sustained?
In this mode] z is an endogenous variablthe level of which is chosen by the
large stateThe large state offers some valag such that the small state prefers
cooperation to defectiotWhat doesz* have to be for the threat of all future de-
fection to sustain cooperation? As befdrassume that the deal is enforced with a
Grim Trigger strategy

In order to find values of* using this strategyone would need to find the
value ofz such that the expected utility of cooperating forever was greater than
the expected utility of defecting once against cooperation followed by mutual de-
fection foreverand then solve foz. Additionally, the discount factor for the small
state 65, must meet the following condition in order for Grim Trigger to be a
Nash Equilibrium with itself

Ts—Rs _ asp[(1—2) + gs] — zp(1)
Ts—Ps dsp[(1—2) +as] — as[ p(a. + gs)]

8s > (6)

whereTg is the temptation payofRs is the reward payoff for cooperatingnd Pg
is the punishment for defecting for the small state

More interestinghowevey is the relationship between the offef, and a coun-
try’s discount factaré. Thus far | have suggested that small statesth greater
short-term pressure to meet budgetary dematathal to discount the future more
heavily than large statewhich tend to be wealthy on a per capita basis and under
less short-term pressure to maximize profits

The question is how the small state’s shorter time horizon affects the produc-
tion offer that it receives from the large stateability to meet current financial
demands by foreign creditors and domestic constituencies leaves a regime vulner-
able to both external and internal rivalsconomic vulnerability causes the regime
to discount the future more heavilylower discount factor makes the state’s threat
of defection highly crediblebecause a regime faced with being thrown out of
office is unlikely to place a high value on future cooperatibhis credible threat
of defection means that largmore wealthy states induce cooperation through what

25. The only further assumption needed regards the incentive compatibility hotimeltarge state’s
offer to the small statez, is assumed to have the following lower bouigd[ p(q. + gs)]/p(1), and is
also(trivially) assumed to be less than the noncooperative small-state production outgut of
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amounts to a subsidization of the smalless wealthy stateyielding the follow-
ing proposition

Proposition 2: Foré > 6%, as a state’s time horizon shrinks, the minimum offer
needed to maintain cooperation goes up

Proof of Proposition 2. The expected utility calculations for playing cooperate
forever and for defecting once against cooperation are as fotlows

1
Us(C) = 1-s zp(1) (7)

)
Us(D) = gsp[(1—2) + gs] + 15 gsp(a. + ds) 8

What does the large state’s offer have to befor cooperation to be sustained?
Set the two expected utility calculations equal to each other and rearrange

B)
11— 2P = dspl(1—2) +gs] + 15 9sP(a +as) 9

(1-8)""zp(1) —asp[(1—2) + qs] —8(1 - 8) *asp(d. +ds) =0 (10
UsePs in the place ofgsp(q. + gs) for simplification purposesSubstantively

Ps is what the small state earns when both the large and small states produce at
their noncooperative levels

Ps = gsp(q. + 0gs) (11)
(1-8)"'zp(1) — qsp[(1—2) +gs] —8(1—8) *Ps=0 (12

Take the partial derivative af with respect to5. Use implicit differentiation
because is a function ofz andz is a function ofs.

a_z _ gspl(1—2) +gs] — Ps (19
) p(1) + (1-98)gsp’[(1—2) + qgs]

The numerator of the above equation is always positieeause the small state
earns more when the large state restrains its productibe derivativep’ is al-
ways negativéby assumption

Thereforeg if the following condition holdsz’ with respect t® is negative

pP(1) > —(1-6)qsp’'[(1~2) + qgs] (14
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There is some critical threshql8*, that determines if the derivative is positive
or negativelf § > 6%, thenz’ < 0 and if6 < 6%, thenz’ > Q.

By the previous conditionone can also prove that there are values gfeater
than 6%, or, in other words that there must exist some values for where
dz/d6 < 0. If § is equal to ongthen the condition holdsTherefore §* must be
less than or equal to on€his suggests that there must exist some valuésoi *.

The proof of the proposition also suggests that there exists some critical thresh-
old, 6%, where for values greater than the threshaldess patient state receives a
better offer and for values less than the threshaltess patient state receives a
worse offer Furthermoreit is possible thap(1) > —qgsp’[(1 — 2) + gs] in which
casez’ is less than O for alb. If 6* is less than zerdhen one would only observe
the downward sloping portion of the nonmonotonic function

The preceding proof suggests that the relationship between the discount factor
and the equilibrium offerz*, therefore is nonmonotonicWhat accounts for this
split result? As the large state increases its offer to the small, sketeeward for
mutual cooperatioriRs) goes up but the temptation paydffs) increases simul-
taneously because the large state is exercising increasing restraint over its produc-
tion. Hence the payoffs for defecting increase with the reward for cooperating
Foré > 6%, the second effect dominateseaning that cooperation can be secured
with higher offersfor § < 67, the first effect dominates meaning that cooperation
is secured with lower offers

Alternative model specification.  An alternative specification of this model might
have the entire stage ganmth the striking of the bargain and enforcement of the
deal repeated in multiple round$his alternative specification more closely matches
OPEC's reality where the conference typically meets two or more times a, year
depending on political and economic circumstanéey deal is still enforced with
Grim Trigger, that is if either side defects in any peripdoth sides produce their
maximum indefinitelyAdjusting the model in this way adds a degree of verisimil-
itude but does not change the preceding results

In each period where the small state accepts the large state’stbffeg exists
an equilibrium of the form where the two states coopergegher than a single*
decided at the organization’s creatjdhere are a series af offers one for each
period in which the division of profits was renegotiated and exactly equal to the
z* offered in the first periodThe proof follows directly from the proof of Propo-
sition 2 In periods where the small state rejects the offee large and small
states each play their noncooperative strategy and earn the discounted value of
their productiongiven maximum output on the part of both states

Equilibrium Behavior and Empirical Analysis

The relationship between patience and production pffesrefore depends on
whether states have discount factors larger or smaller than the critical ¥édlue
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What determines a country’s discount factor? Thus Ifdmave argued that cash-
poor OPEC countries have lower discount factors as their survival depends on the
ability of the state’s leaders to meet immediate budgetary requiremengsjui-
librium then one would expect that for values 8f< 6* patient countries would
receive better offers than impatient onesd for values o6 > §* patient coun-

tries would receive offers smaller than their impatient counterpditiss is be-
cause of the nonmonotonic relationship betweethe offer and§, the discount
factor On which side of the critical threshald*, would one find most OPEC
countries? Empirical evidence from the organization suggests an answer to this
question clarifying the game-theoretic result

Data and model specification. To undertake a test of long-run behavior in
OPEC | have collected data for each of the organization’s eleven members for the
years 1960—95A set of empirical tests predict a country’s level of crude oil pro-
duction in a series of models with three key explanatory varialflesper capita
proven oil reserveg2) whether regime transition occurred or did not occur in a
country in a given yeaiand (3) the total number of past regime transitions

I have chosen to use actual crude production rather than OPEC-designated pro-
duction allocations as the dependent variable to avoid a number of important prob-
lems Over the yearsOPEC has devised various systems of rationing production
among its memberdut these attempts have not been consistat is not ap-
plicable in all years of the studyand have been of only limited succefsdivid-
ual members have continually opted to produce at levels that exceeded their, quotas
in other words they have “cheatetl By looking at actual crude productiomne
can measure each country’s real-life output in a way that is more reliably reported
and consistenfAdditionally, using actual crude production as the dependent vari-
able rather than the quota valuallows for the possibility that the quotas may
also reflect the mechanism that | am modeliagin other wordsthat the quotas
themselves reflect small country discount factors

On the explanatory sigé control for an entirely exogenous factor that has been
consistently relied on as an unbiased indicator for equitable allocation—a coun-
try’s proven oil reservesProven reserves are the estimated quantity of crude oil
that geological and engineering data demonstnatth reasonable certaintyare
known to be recoverable in future years from existing reservoirs under current
economic and operating conditionBhe basic idea is that countries with more
potentially recoverable oil generally have the capadgsire and opportunity to
produce petroleum today

Next, | operationalize the discount factdn Models 1 2, and 3 | use a coun-
try's per capita proven oil reserves as a measure of impatigbaentries with
more oil per capitahave a longer shadow of the future than those with less oil on
a per person basis and a country’s oil reserves per person tends to be a good indi-
cator of relative poverty or wealth in the organizatidinis variable has the addi-
tional benefit of being independent of crude productiomike other measures of
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wealth such as per capita incofeThis specification seems reasonable in that
regimes governing large populations with relatively small resource bases—such
as Indonesia and Nigeria—seem less likely to be in office in the next period than
regimes in countries with high income to citizen ratissach as Saudi Arabia and
Kuwait.

In Model 1, | include a country’s proven oil reserves and level of reserves on a
per capita basis as the explanatory variabMedel 2 includes the explanatory
variables from the first model used with the addition of per capita reserves squared
I include this term to test for the nonmonotonic effect suggested by the compara-
tive static resultModel 3 builds on Model 2 and is expanded to also include a
lagged dependent variable term to check the robustness of the. model

| use a logarithmic transformation of the variables to correct for skewness and
avoid the problem of heteroskedasticityconduct the empirical test using a least
squares estimation technique that produces panel-corrected standard error esti-
mates’’

The results of the empirical test are presented in Tabla the first modelthe
coefficients for both proven reserves and per capita reserves are significant at the
0.01 level and the signs on the explanatory variables are as expétiedesults
suggest that an increase in a country’s per capita reserves results in less crude
production even after controlling for a country’s level of proven reservEse
second model includes per capita reserves squared to test for the nonmonotonic
effect predicted by the game-theoretic modite coefficient on this variable is
negative—as expected—and is significant at tt@devel The coefficients on
the other variables are also significant in this specification of the mddelthird
model builds on the second and includes a one year lag of the dependent variable
on the explanatory side to test for robustneligns are as expected and all coef-
ficients are highly significant

The models presented in Table 3 test the key expectations generated, by Alt
Calvert and HumesThe authors argue that Saudi Arabia orchestrated the 1986
price fall so that the kingdom would be able to create a reputation for “toughness”
and achieve better cooperative deals in the futee would expegtbased on
their argumentthat Saudi Arabia received a larger piece of OPEC profits after

26. While it seems that per capita GDP may be a more straightforward way to operationalize this
idea in fact, it significantly complicates the statistical analysihis is because there is a feedback
effect between per capita GDP and crude productibe dependent variableAs crude production
increasesper capita GDP also increasdgbe same cannot be said of per capita reserwdsch is
largely exogenous of crude productidn order to use per capita GD&ne would need to develop a
simultaneous equations model that captures both effects

27. Kennedy writes that fixed- or random-effects models are usually employed when the number of
cross-sectional units is large and the number of time periods over which those units are observed is
small See Kennedy 1998n this mode] the reverse is the cageleven countrigsthat is cross-
sectional unitsobserved over thirty-five yearsBeck and Katz suggest the use of a procedure that
estimates standard errors according to a robust procedure without adjusting the coefficient estimate for
the analysis of this type of panel dafBhey argue that this procedure has a number of nice small
sample properties when compared to the use of other estimation proceSeesBeck and Katz 1995
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TABLE 2. Model relating proven reserves and per capita reserves to crude

production levels in OPEC, 1960-95

Model 1 Model 2 Model 3
Constant —0.833*** —0.631 2237***
(0.374) (0.395 (0.359)
LN PROVEN RESERVES 0.808*** 0.793*** 0.461***
(0.037) (0.0382 (0.0377
LN PER CAPITA RESERVES —0.142%** —0.121*** —0.078***
(0.013H (0.0186 (0.0144
SQUARED LN PER CAPITA RESERVES —0.011** —0.013***
(0.005 (0.009
ONE-YEAR LAG LN CRUDE PRODUCTION 0.0002***
(0.00002
Observations 396 396 385
R? 0.61 062 071
Note: Panel-corrected standard errors are in parenthésesthe natural logarithm
w5 p < 0,01
**p < 0.05.
*p < 0.10.

TABLE 3. Model testing Alt, Calvert, and Humes expectation on crude

production levels in OPEC, 1960-95

Model 4 Model 5 Model 6
Constant QaL96 Q108 —-0.597
(0.4406) (0.420 (0.403
LN PROVEN RESERVES 0.696*** 0.692*** 0.837***
(0.0453 (0.0482 (0.0490
LN PER CAPITA RESERVES —0.135***
(0.0210
SQUARED LN PER CAPITA RESERVES —0.011**
(0.005
ONE-YEAR LAG LN CRUDE PRODUCTION 0.015 —0.0549
(0.0538 (0.04602
SAUDI ARABIA DUMMY VARIABLE 0.044 Q048 Q116
(0.112 (0.1088 (0.106)
POST-1986 DUMMY VARIABLE -0.220 Q0239* —0.337***
(0.145) (0.136) (0.128
INTERACTION SAUDI ARABIA POST-1986 0152 Q150 Q137
(0.110 (0.1359 (0.116)
Observations 396 385 385
R? 0.56 056 063
Note: Panel-corrected standard errors are in parenthésesthe natural logarithm
***p=00L
*x pps 0.05.

*p = 0.10.
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1986 than they did before 198B®odel 4 tests this hypothesiéfter controlling
for the level of proven reservethe key interaction variabl@NTERACTION SAUDI
ARABIA POsT-1986) is correctly signed but not statistically significaiodel 5
includes a one year lag on the dependent varjatriede productionagain the
interaction term is not statistically significant

Model 6 tests the AltCalvert and Humes hypothesis while also controlling for
per capita reserves and per capita reserves squtredwo factors that | have
argued influence a country’s level of crude productidhe results suggest that
while Saudi Arabia likely did not fare as badly as its OPEC counterparts in the
post-1986 eraone cannot be statistically confident that the relationship that they
posit exists While the coefficient on the variable interacting Saudi Arabia and
post-1986 is positivdt is not statistically significanfThe key findings that | have
presented—that an increase in a country’s per capita reserves results in less crude
production but that this relationship may be reversed for countries with the lowest
discount factors—remain statistically significant at th@10and 005 levels
respectively

Figure 3 is a graph of the expected values of crude production as per capita
reserves increasasith all other explanatory variables held at their meddstted

Crude production (in millions b/d)

I T 1 1 o 1 1 1

—-13 -10 -7 —4 -1 2 5 8
Log of per capita reserves

FIGURE 3. Expected values of crude production as per capita reserves increase
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TABLE 4. Sample levels of crude production for different levels of population

Population Comparable to Proven reserves Crude production
Country A 55 million Libya 35 billion 16 million b/d
Country B 125 million Nigeria 35 billion 2 million b/d

Note: b/d = barrels per day

lines represent the upper and lower bounds for a 95 percent confidence iterval
These values were derived using a simulation program that | wrote in GAUSS
Actual values of per capita reserves in OPEC have historically fallen in the down-
ward sloping portion of the curyén resewes= —3 toIn resewes= 4, or where
countries have betweend® and 50 million barrels per thousand inhabitants

Table 4 presents sample levels of crude production for countries with different
population sizesholding reserves at the same arbitrarily chosen vdtuéhis hy-
pothetical example“Country A” is comparable in population size to Libya and
“Country B” is comparable in population size to Nigeriahose sample countries
the size of Libya and Nigeria because both countries have approximately the same
level of proven reserve85 billion barrels Expected crude production for Coun-
try B is 30 percent more than for Country Aven though both countries enjoy the
same amount of proven reserves

An alternative proxy for the discount factor might be the number of past political
upheavalsor if a country experienced a political upheaval in a particular .year
Przeworski et alcode for both of these factors in their variablesstasLe and
sTTR.?® The variableunsTaBLE is a dichotomous variable coded 1 for all the years
that a country experienced at least 1 regime transition between 1950 and 1990
STTR iS the total number of past regime transitiohtest the effects of these two
variables on crude production within OPEC using a number of different model
specifications

In each modell control for a country’s level of proven reserves in the pre-
vious model specificationdlodels 7 and 8 test the effect of the Przeworski et al
variableunsTABLE; in years where this dummy variable is codeddgime tran-
sition took placeTable 5 shows the results of Models 7 and\§ain, all empiri-
cal tests use a least squares estimation technique that produces panel-corrected
standard error estimates

The coefficient on the variablensTaBLE is positive and statistically signifi-
cant this suggests that in years of regime charageountry earns a higher level
of crude productioneven after controlling for its level of proven reserva@$e

28. These results are based on ModgWhich | consider to be the baseline model for this variable
29. Przeworski et al200Q
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TABLE 5. Model relating proven reserves and political instability
to crude production levels in OPEC, 1960-95

Model 7 Model 8
Constant @77 Q151
(0.359 (0.421
LN PROVEN RESERVES 0.699*** 0.699***
(0.0362 (0.0387
UNSTABLE 0.337*** 0.348***
(0.0593 (0.0611
ONE-YEAR LAG LN CRUDE PRODUCTION 0.0162
(0.0461
Observations 180 175
R? 0.678 0681
Note: Panel-corrected standard errors are in parenth&sesthe natural logarithm
%y < 0,01
**p =< 0.05.
*p = 0.10.

coefficient on this variable remains statistically and substantively significant after
including a one-year lag of the dependent varigBle

Models 9 10, 11, and 12 test the effect of the Przeworski etvariablesTTR—
the total number of past regime transitions—as a predictor of crude production
The results of these models are displayed in TablAdgain, | control for each
country’s level of proven reserves in the modelss variable is positive and sta-
tistically significant in each specificatipas expectedin Model 9 | test for the
effect of sTTR; the coefficient on thaeTTr variable is positive and highly statisti-
cally significant This result suggests that as the total number of regime transitions
that a country has undergone increasesdoes that country’s level of crude pro-
duction within OPEC

Model 10 tests the effect of the number of regime transitiGnsr) squared
The coefficient on this variable is negatj\aiggesting the nonmonotonic effect
predicted by the game theoretic madahd the coefficient estimate is highly sta-
tistically significant Figure 4 is a graph of the expected values of crude produc-
tion as the number of regime transitions incretgkgain, these values were derived
using a simulation program written in GAUSBroven reserves are held at their
mean and dotted lines represent the upper and lower bounds of a 95 percent con-
fidence intervalActual values for the number of regime transitions in OPEC have
historically fallen in the largely upward sloping portion of the cufteat is the
range of 0 to 3

30. | do not test the squared version of the dummy variabteTABLE, because the squared vari-
able would be perfectly collinear to the originaksTaBLE variable
31. These results are based on Mode] wlich | consider to be the baseline model for this variable
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TABLE 6. Model relating proven reserves and number of regime transitions to

crude production levels in OPEC, 1960-95

Model 9 Model 10 Model 11 Model 12
Constant B45 Q275 Q077 Q275
(0.301) (0.294) (0.370 (0.352
LN PROVEN RESERVES 0.687*** 0.692*** 0.675*** 0.692***
(0.03) (0.03) (0.334) (0.035
STTR 0.172%** 0.389*** 0.178*** 0.389**
(0.0218 (0.087) (0.023 (0.132
SQUARED STTR —0.0958*** —0.0960*
(0.0390 (0.056
ONE-YEAR LAG LN CRUDE PRODUCTION 0.053 Q046
(0.044) (0.044)
Observations 180 180 176 176
R? 0.686 Q691 Q690 Q696
Note: Panel-corrected standard errors are in parenthésesthe natural logarithm
ek p < 0,01
**p < 0.05
*p = 0.10.

Models 11 and 12 test the effects afrr andstTr squared and also include a
one-year lag of the dependent variabd substantively relevant coefficients—
proven reservesTTr, andsTTR squared—have the expected signs and are statis-
tically significant

| have argued that a country’s level of per capita reserves reflects its discount
rate with countries that are resource pquer persondiscounting the future more
heavily Using per capita reserves as a proxy for a country’s discount ttzee
findings suggest that countries with a higher discount factor receive a lower pro-
duction offer | also find that countries that either experience a regime change in a
given yeayror have experienced numerous regime changes in past geanshigher
levels of crude production than their more stable OPEC counterparssim the
empirical results suggest that OPEC countries are actually in the state of the world
wheredz/dé < 0, or in other wordswhere values o6 > 6% and less wealthy
shorter time horizon countries are offered better production offers to remain in the
cartel This finding sheds light on the expectations generated by the game-theoretic
model

Conclusions and Implications
In January 1984Africa’s largest democratic countr\Nigeria, became Africa’s

largest dictatorship in a smoothly executed coup d'éasident Shehu Shagari's
government had fallen victim to the economic austerity that resulted from the 1983
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Crude production (in millions b/d)

0 1 2 3 4 5

Number of regime transitions

FIGURE 4. Expected values of crude production as number of transitions increase

oil glut. At the time the New York Timesoted that while “other OPEC countries
were hit in the pocketbogkNigeria with a far larger populatignwas hit in the
solar plexus 32 Nine months earliethe Shagari government had been described
as being short-sighted in its actign®llowing the coup this short-sightedness
seemed justifiedt was this shortened time horizohowever that allowed Nige-
ria to exploit its fellow OPEC members in a divide-the-dollar game of splitting
cartel profits

In this article | have presented a simple form of Fearon’s bargaining and en-
forcement model and shown that when a bargaining phase is followed by an en-
forcement phase that resembles a prisoners’ dilenimgatient actors earn better
outcomes than their more patient rivdlfiave modeled the division of cartel prof-
its in OPEC particularly with regard to the relationship between bargaining strength
and disparate time horizonas in the Nigeria examplé have argued that there
are two types of states in OPEose with high reserves per capitature-
oriented stateésand those with low reserves per capifaesent-oriented states
have modeled the distribution of cartel profits between these two groups in a two-
phase game and argued that there is some optimal, affethat the large state
proposes to induce cooperation by the small statewve also explored the rela-

32. New York Times4 January 1984A18.
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tionship between this offer and the discount factor of the small .stai@ve found
that there is some threshold leyelhere for values larger thast, states that dis-
count the future more heavily tend to receive better production offers than those
that do not

Next, | examined empirical evidence that suggests that the countries in OPEC
fall into the range where this proposition would hold other words relatively
poor, populous countries appe&oth explicitly and tacitlyto be allowed by OPEC
to overproduceFrom a theoretical perspectivihe findings of this article imply
an unexpected resulBasic bargaining modelsuch as those of Fearon and Ru-
binstein suggest that impatiendas captured in the discount fackdwrts the im-
patient player in the gamén the model | have presentethe impatient state is
actually helpedbecause its threat of defection is highly creditthin OPEC’s
negotiation structutgooverty is a source of bargaining strength and collusive agree-
ments are sustained through forfeiture of production on the part of wealthier coun-
tries This amounts to a “weakness as strength” story that is largely consistent
with empirical evidence from OPEC's forty-year history

This finding is also consistent with Olson’s observation that the small are able
to systematically exploit the large in collective action situatiddison argues that
the largest membgthe member who wouldndependentlyprovide the greatest
amount of the collective gogdends up bearing a disproportionate share of the
burden for providing the collective goo@he smaller member has no incentive to
obtain any of the collective good at its own expense when the amount it gets free
from the larger member is more than it would have purchased.i#s#f model
comes to a similar conclusion but for different reasdnsthe model that | have
developedthe small state’s source of strength comes from its highly credible threat
of defection from the organizatipmot from free-riding

What are the substantive implications of the models | have presented? In the
context of OPECthese findings suggest that cartel maintenance boils down to
richer, more future-oriented states subsidizing poorer states so that they might re-
main in the cartelThis pattern of behavior appears to have been sustained for
more than thirty years and is likely to continue until the costs of the subsidy out-
weigh the benefits of maintaining the cartel

In the broad context of international cooperatitime findings suggest that the
shadow of the future can cut both ways under a variety of circumstances and for
different reasons than one may have previously belielfehe assumes that prob-
lems of international cooperation have a common strategic structure that resem-
bles the bargaining and enforcement model presented by Fetm®reffect of
patience on international cooperation is not straightforwi&r@ooperation need
not come about as a result of increasing punishmam sometimes increasing
the rewards is a more efficient way to elicit cooperation

33. Olson 1971
34. Fearon 1998
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