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While economic theorists regard OPEC as a perfect example of a long-lasting cartel,
energy economists strongly deny such view. Applying the ideas of New Empirical
Industrial Organization, a market description is derived. Cartel theory and empirical
evidence fit together well. Stable long-lasting cartels can be explained only for
subclasses of market models and exactly such type of model is obtained here.
A variety of different market models is tested. OPEC and the market for crude oil
is best described by a price-leader model.

I . INTRODUCTION

Cartels and oligopolies are two topics that economists have
studied for a long time now, but they rarely analysed the
interrelation. Since a solid body of theoretical knowledge
about the existence of cartels has more or less recently been
derived, it is challenging to contrast this theoretical work
with real markets. It is the aim of this paper to test empiri-
cally the link between cartel existence and the structure of
oligopolistic markets. Therefore, probably the most impor-

tant market for the world economy is chosen here where
some cooperation between suppliers is observed: the
world market for crude oil. Surprisingly, there exists
neither an accepted theoretical model, nor an econometric
model of this market. Moreover, there is a surprising dis-
pute between economic theorist and energy economists
whether OPEC can be regarded as a cartel or not. The
aim of the paper is to fill this gap by deriving and testing

a selection of candidate model using oil-market data.
Theoretical boundaries are compared to the estimates of
some essential market parameters. This allows selection of
one model as the description of the oil market based on
theoretical arguments as well as on empirical evidence.

If a person in the street is asked about OPEC, the answer
will be clear: Without any doubt, OPEC is regarded as a
cartel. In public opinion, in particular the two oil price
shocks were seen as the deed of the ‘dangerous cartel’.
Nevertheless, economic theory and econometric testing
do not produce such a clear-cut picture. Especially for
the 1970s and early 1980s, all predictions of future oil
prices and oil market developments using the cartel
hypothesis went wrong. Attempts to explain the two oil
price-shocks using economic models have been a topic of
intense discussion for a long time, and there is still little
consensus. A broad variety of models trying to explain the
existence of OPEC and the coalition type emerged during
the early 1980s. These models range from purely political

considerations (Moran, 1982) to property-rights arguments
and target-revenue models (Teece, 1982).1 Nevertheless,
the majority of econometric tests about the compatibility
of OPEC with cartel theory are far from being clear-cut.
They mainly reject the cartel hypothesis at least for some
larger time periods.2 There exists neither an accepted theo-
retical nor an econometric model for this important market
and the phenomenon OPEC. The aim in this paper is
to derive a description of the market. Then, answer will

1 The book of Griffin and Teece (1982) offers a broad overview over the different approaches. Additionally, see Crémer and Salehi-
Isfahani (1991).
2 Several empirical paper build on the fact that OPEC is a cartel without any test of this basic fact, see for example Crémer and Weitzman
(1976), Danielsen (1980) and Hnyilicza and Pindyck (1976).
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be given to the open question of OPEC’s nature, at least

from an econometric point of view.

To start with, this empirical literature on OPEC as a

cartel is briefly reviewed. The first empirical analysis at

an aggregate level was published by Loderer in 1985.3

Loderer tests for correlation between OPEC’s policy

announcements and market prices. He rejects the cartel

hypothesis for the phase covering the second oil price

shock, 1974–1980, whereas in public opinion this period

is one of the most obvious demonstrations of cartel

power. The study by Griffin (1985) uses country-level

data. While he does not reject a partial market-sharing

cartel model for OPEC countries, he observes the opposite

in comparison with the non-OPEC countries. He cannot

reject the competitive model. Similar ambiguous results

are to be found in Jones (1990). Dahl and Yücel (1991)

use again country-level data to run cointegration tests.

Even though they confirm the conventional wisdom that

OPEC countries do not behave competitively,4 they reject

the hypotheses of cooperative behaviour by OPEC mem-

bers. Gülen (1996) uses a quite similar approach. He uses

cointegration and causality testing in order to analyse

whether OPEC is coordinating on output and whether

OPEC had and has the power to raise market price. He

does not find evidence of coordinated behaviour for most

time periods. To summarize the results of these empirical

studies, there is some consensus that OPEC does not

behave according to any economic concept of a cartel.

Two reasons in particular account for this negative

result. Most of the above studies impose explicit model

structures and therefore very special strategies to all

players. However, it is completely unknown which type

of market model is appropriate. Second, some of the

theoretical and empirical difficulties can be related to the

absence of a satisfactory theory of cartel existence and

behaviour.5 Theoretical explanations for the existence of

stable cartels are few and fairly new. Two different

approaches emerged during the 1980s. The first approach

uses the theory of infinitely repeated games of imperfect

information to explain at least temporarily stable cartels.

While Rotemberg and Saloner (1986) offer a model of

stable cartels that necessarily break down during booms

and rise from death afterwards, Green and Porter (1984)

establish just the opposite result of temporary break-

downs during recessions in a quite similar model. A broad

theory of cartel enforcement strategies in supergames has

developed. Nevertheless, the assumptions of these theories

are harsh and equilibria are manifold and diverse, so there

is some doubt about whether empirical evidence of such

behaviour can ever be found.6 Taking into account the

natural heterogeneity of real world suppliers does not at

all ease the problem.

The second approach trying to explain cartels is concep-

tually much simpler and was initiated by d’Aspremont et al.

(1983). They show that a price-leader cartel is stable in a

static one-shot game if the fringe suppliers behave as price

takers. Several attempts have been made to generalize this

model.7 It is a common feature of all these models to

assume that cartel rules can be enforced and therefore

cheating is not a problem. A comprehensive analysis of

different games and different market structures is offered

in Böckem (1999). It is shown that a stable cartel size exists

under a wide variety of market conditions. Therefore, the

application of static games when trying to explain a cartel

is justified at least for some classes of models. Additionally,

these results can be regarded as giving a lower bound on

cartel existence and cartel size. Whenever a stable cartel

size is found in the static framework, the same cartel can

be explained in a supergame. If a cartel of a certain size

cannot be explained by using the static framework, it is well

known that the only economic explanation can be found

within the framework of supergames.

Nevertheless, as long as economic and econometric stu-

dies of the oil market are restricted by the need to pre-

determine (1) whether a Cournot or a Bertrand type of

model is to be tested, (2) some special form of demand

function and (3) some cost function based on speculation

or published accounting data, cartel tests seem dubious.

Therefore, this paper offers a very different approach

applying the ideas of the New Empirical Industrial

Organization (NEIO). In the NEIO literature, as intro-

duced in Bresnahan (1989), joint estimates of demand

and supply functions and therefore of marginal cost are

established without assuming any special type of market

model. From these joint estimates a market power param-

eter l is derived. At a theoretical level, this market power

parameter is the degree of inclusion of the slope of the

demand function in a generalized supply relation. For a

market with perfect competition this market power param-

eter is zero, while for monopoly or a perfect cartel this

parameter is one. Intermediate values of l must corre-

spond to other market models. A first step is therefore to

3 Some fundamental criticism to Loderer’s approach can be found in Castanias (1985). He argues that Loderer’s approach is not capable
to reject any hypothesis of market behaviour.
4Additionally, they show that even the competitive fringe behaves non-competitive and that there exists no hints for dynamic optimiza-
tion in suppliers’ behaviour.
5 See for example Gately (1984) for this interpretation.
6 See Ellison (1994) for some exceptional empirical work, testing both theories for the Joint Executive Committee.
7Donsimoni (1985), Donsimoni et al. (1986) and Böckem (1998) generalize this approach to heterogeneous suppliers. Shaffer (1995) and
Böckem (1999) analyse Cournot strategies for cartel and fringe suppliers.
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undertake a careful analysis of the demand and supply

relations of the oil market and to derive an econometric

estimate of l.
After the derivation of some empirical estimate for the

market power parameter l at the market level, it is possible

to go one step further. As a next step several candidate

market models are considered for which it is now possible

to derive boundaries to l at the theoretical level. The dif-

ferent types of market models considered here range from

perfect competition to simultaneous move Cournot games

and several static cartel games. Note that dynamic cartel

models failed to deliver a convincing description of the

oil market. Further, there are serious doubts whether the

behaviour of a coalition of independent states may be

governed by the long-lasting, perfect rationality of super-

games. Taking these two arguments together, it is regarded

that static one-shot games as the appropriate type of

model.8

The theoretical benchmarks are evaluated using country-

level production data. This allows prediction of confidence

intervals for all theoretical candidate models. Then, the

only model whose theoretical boundaries are in line with

the estimated market parameters is selected as the appro-

priate description. This most appropriate description will

allow some conclusions to be drawn whether OPEC is a

cartel or not.

To analyse the set of different market models at the

theoretical level the market power parameter l is solved

for each time. In several cases this theoretical parameter

depends on the precise functional form of the fundamental

relations, demand and marginal production cost. As the

analysis progressively reveals, both functions can be

approximated sufficiently by linear expressions. Yet, even

if these approximations are sufficiently precise in the region

under consideration, the true shape is still unknown, but

very important to equilibrium. Therefore, this dependency

is taken into account by confining the prediction of l to lie

in certain intervals. These interval predictions are still suf-

ficient to answer the major question of this paper.

Based on both parts, estimation and theoretical predic-

tions, all market models except one are rejected: The oil

market is neither described by perfect competition, nor by

a simple simultaneous-move Cournot game with or with-

out a cartel, nor by a first-mover Cournot cartel. Only if

OPEC is allowed to take the role of a price leader while

all other countries behave as price takers, the predicted

interval covers the estimated market-power parameter.

Therefore, based on the estimation of demand and supply,

the oil market is appropriately described by a price-leader

cartel model.

The paper is organized as follows: In the next section
the econometric model of supply and demand is developed
at a theoretical level. Section III contains all the empirical
results regarding the estimation of supply and demand in
the oil market. Section IV goes back to the theoretical level.
Predicted values for l are derived under different market
games. There, it must be taken into account that suppliers
are strongly heterogeneous. As a last step, the empirical
estimate of the market power parameter are compared to
the theoretical predictions. Section V concludes.

II . THE MODEL

This section prepares the ground for the simultaneous
estimation of supply and demand in the oil industry by
developing an econometric model. Let the demand
function be

x ¼ f ð p, zj~��Þ þ " ð1Þ

where x denotes the quantity demanded at price p, z
denotes some exogenous variables, ~�� is the vector of param-
eters to be estimated and " is an error term. Since the oil
market is not isolated from the rest of the world, the exog-
enous variables z should capture the influences of other
markets and the overall economic activity level. Changes
in these variables will influence the shape and location of the
demand function. Within this study, two exogenous shift
variables are included in the demand function.9 First, let G
denote the price for gas as one of the closest substitutes for
oil. Additionally, let I be the index of industrial production
to capture the level of economic activities, z ¼ ðG, IÞ 2 <

2.
While modelling demand is more or less an easy task, the

same does not hold for supply since there may not exist a
well-behaved supply function. Under perfect competition,
firms have to equate marginal production costs to market
price, which is equal to marginal revenues. A well-behaved
supply function emerges. If the firm is a monopolist, it
still equates marginal cost to marginal revenues, but mar-
ginal revenues are no longer given by market price alone.
Marginal revenues now have to include the price effect of
any change in quantity the firm considers. Supply is not a
function of market price. Still, it is a function of all other
variables that have been added to the model. To clarify
that it is not a supply function as it is usually defined in
economic theory; here it is called a supply relation.
However, if firms are neither price takers nor monopolists,
they will equate marginal costs to perceived marginal
revenues. To see this, consider the profit function of an
arbitrary firm in the market. Let xi denote the individual
quantity of firm i, and define x ¼

Pn
i¼1 xi as the total

8Additionally, Corts (1998) has shown that the NEIO approach produces erroneous estimates if indeed a dynamic model is appropriate.
9 See Appendix for variable descriptions and some summary statistics of all variables used in the paper.
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quantity supplied in the market. p(x) is the inverse
demand function derived from Equation 1 and Ci(xi)
denotes the production-cost function of firm i. Firms may
differ with respect to their production costs. This yields
�i¼ p(x)xi�Ci(xi) for all i¼1, . . . , n. Profit maximization
with respect to individual quantity xi requires for

@
Q

i

@xi
¼

@p

@x

@x

@xi
xi þ pðxÞ � ciðxiÞ ¼ 0 ð2Þ

where ci(xi) are firm i’s marginal cost of producing xi. The
partial derivatives ð@p=@xÞð@x=@xiÞ differ for the various
market games. If a firm takes market price as given, this
expression becomes zero. If the firm behaves as a Cournot
oligopolist in a simultaneous-move game, @x=@xi ¼ 1 holds.
In sequential Cournot games, this expression may become
more complex. To make the exposition of the econometric
straightforward, the calculation of the appropriate expres-
sions for various market models is delegated to Section IV.

Solving Equation 2 for p(X ) yields

pðxÞ ¼ ciðxiÞ �
@p

@x

@x

@xi
xi ð3Þ

which is still a condition at the firm level. Since this holds
for all suppliers, the appropriate equation at the economy
wide level is given by10

p ¼ cðx,W j~��Þ � l � x � gðx, zj~��Þ ð4Þ

where l 2 ½0, 1�. The first part, c(x,W| ~��), denotes aggregate
marginal cost of producing x units. Let W be a vector of
exogenous variables influencing marginal cost, and ~�� the
vector of parameters. The second term in Equation 4 is
denoted by gðx, zj ~��Þ, which is the first-order partial deriv-
ative of the inverse demand function. Now, pþ g(�) is
marginal revenue, and pþ lg(�) is marginal revenue as per-
ceived by an average individual firm. l can be interpreted
as a measure of market power. For l¼ 0, the perfect-
competition solution is obtained of price equal to marginal
cost and no market power of an individual supplier.
If l¼ 1, the monopoly solution or a perfect cartel is the
explanation. In a game of n perfectly symmetric Cournot
oligopolists l¼ 1/n should hold. Higher values of l there-
fore indicate more market power of an average individual
supplier and this will be used as the essential parameter in
the analysis. Note that in simultaneous-move games l is
independent of the precise form of the demand function.

If a sequential move game is the true market model,
Equation 4 is not appropriate. In a Cournot game where
the cartel is a first mover or in a price-leader cartel model,

l is a function of the slope of the demand function.
Denote this slope by b. Now, l cannot be identified using
Equation 4. Instead, the supply relation is given by

p ¼ cðx,W j ~��Þ � l bð Þ � x � gðx, zj ~��Þ

For fully specified sequential models it is easy to calculate
l. Using these calculation, it is easy to verify that l is the
fraction of two polynomials in the slope parameter
b ¼ 1=gðx, zj��Þ (see Section IV for more details) in all
cases. Therefore, approximate l (b) by

lðbÞ ¼ 1þ
r1
b
þ

r2
b2

þ
r3
b3

þ � � � ð5Þ

where the ri are coefficients to be estimated. Now, the sup-
ply relation can be rewritten as

p ¼ cðx,W j~��Þ � 1þ
r1
b
þ

r2
b2

þ
r3
b3

þ � � �

� �
� x � gðx, zj~��Þ ð6Þ

Marginal costs are typically unknown for almost all
products11 and have to be estimated jointly with the rest
of the model. On a technical basis, marginal costs of mere
crude oil production are very low.12 Transportation costs
from the producing countries to major user countries are
substantially higher. Therefore, tanker freight rates will be
used as the decisive variable W in the marginal-cost esti-
mation, where marginal cost are now cost of supplying the
market.

To identify the demand and supply system, the approach
of Bresnahan (1982) is followed. He suggests a two step
procedure. As a first step, the demand function is esti-
mated. Given this estimation, the supply relation is derived.
Given the demand and supply functions in Equations 1 and
4, there is still an identification problem with respect to l.13

To solve this problem, assume that there is some interac-
tion between p and z in the demand function. Assume that
any decrease in the substitutes’ price not only effects the
position of the demand function, but also changes its slope.
If gas price falls, any change in the price for oil will have a
stronger effect on demand. That is, any increase in the
oil price will now induce more customers to refrain from
buying oil. The same type of cross effect is assumed for
the index of industrial production. Higher industrial pro-
duction not only shifts the demand for oil outward, but
also rotates the demand function. If a recession depresses
industrial production, any increase in oil price will hurt
oil users more heavily than under boom conditions. This
will make oil demand more elastic in recessions than in
booms. Technically, this twofold influence is captured via

10 See Bresnahan (1982) and (1989) suggesting such type of modelling. Section IV contains more details about the aggregation procedures
and how to derive Equation 4 from Equation 2.
11 An exceptional case is the cane sugar refining industry at the turn of the century where production costs are simple and almost perfectly
known. See Genesove and Mullin (1998) for an NEIO analysis of the sugar market.
12Note that the exorbitant expenses for exploration and drilling are sunk costs and are not part of marginal cost.
13 For a general discussion of the identification problem of l see Lau (1982).
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the introduction of two artificial variables F1� p �G and
F2� p � I, which are included in the demand equation.

For the ease of presentation only, a linear demand func-
tion is used here,14

x ¼ ~��0 þ ~��ppþ ~��GGþ ~��I I þ ~��F1F1þ ~��F2F2þ " ð7Þ

Even though demand is no longer a linear function of
market price in a strict mathematical sense, Equation 7
is linear in all its arguments. Additionally, assume that
marginal costs are linear too,

cðx,W j��Þ ¼ ~��0 þ
~��xxþ ~��WW ð8Þ

Substitute Equation 8 and the first-order partial derivative
of p with respect to x as given by Equation 7 into the
supply relation for simultaneous move games, Equation 4.
Now, this reads as

p ¼ ~��0 þ
~��xxþ ~��WW � l

x

~��p þ ~��F1Gþ ~��F2I

� �
þ � ð9Þ

where ~��p, ~��F1 and ~��F2 are known parameters of the
demand function, estimated at the first step of the pro-
cedure. Now, l is the coefficient of the new variable
~xx � x=ð~��p þ ~��F1Gþ ~��F2IÞ ¼ x=b and therefore identified.
For sequential move games,

p ¼ ~��0 þ
~��xxþ ~��WW þ

Xm
j¼1

~��xbj

x

b j
þ � ð10Þ

holds, where b ¼ ~��p þ ~��F1Gþ ~��F2I . First rough calcula-
tions on b seem to reveal that expression of higher order
become very small. This can be taken as a hint that only
a few terms have to be included in the estimation. This
hypothesis will be tested along with the estimation proce-
dure.

As a last step, Equations 7, 9 and 10 have to be trans-
formed into a model that is readily used for estimation.
All functions are stated as equilibrium or error correction
models,15 (ECM). Using the ECM framework, the demand
and supply equations can be rewritten such that the
equilibrium-correction movements can be separated from
the long run solution. Let the demand equation be

�xt ¼ �0 þ
Xk�1

i¼1

�xi�xt�i þ
Xk�1

i¼0

�pi�pt�i þ
Xk�1

i¼0

�Ii�It�i

þ
Xk�1

i¼0

�Gi�Gt�i þ
Xk�1

i¼0

�F1i�F1t�i þ
Xk�1

i¼0

�F2i�F2t�i

þ
Xk�1

i¼0

�Di�Dt�i þ �xxt�k þ �ppt�k þ �I It�k þ �GGt�k

þ �F1F1t�k þ �F2F2t�k þ �DDt�k þ ��� þ "t ð11Þ

where � is a trend variable and Dt denotes a dummy vari-
able. This trend variable is included to capture the phe-
nomenon of worldwide increasing per capita demand for
energy. Given this phenomenon, it is postulated that there
is a more or less steady increase in demand for crude oil. To
capture this kind of outward shift of the demand function,
this trend variable is included in the estimation of quantity
demanded. This outward shift only enters the demand
equation and not the estimation of market price, summar-
ized in the supply equation. As a second new component a
dummy variable is added. In recent history the Asian finan-
cial and economic crisis has interrupted the steady market
increase in 1997. To capture this crisis the dummy variable
D is introduced, which is zero until April 1997 and one
thereafter.

Separate the long run solution within this equation using
�j ¼ �ð�jÞ=� and �¼ �x. This yields

�xt ¼
Xk�1

i¼1

�xi�xt�i þ
Xk�1

i¼0

�pi�pt�i þ
Xk�1

i¼0

�Ii�It�i

þ
Xk�1

i¼0

�Gi�Gt�i þ
Xk�1

i¼0

�F1i�F1t�i þ
Xk�1

i¼0

�F2i�F2t�i

þ
Xk�1

i¼0

�Di�Dt�i þ ��� þ �
�
x� �0 � �pp� �iI

� �GG� �F1F1� �F2F2� �DD
�
t�k

þ "t ð12Þ

Similarly, supply in simultaneous-move games is now
given by

�pt¼�0þ
Xs�1

i¼1

�pi�pt�iþ
Xs�1

i¼0

�xi�xt�iþ
Xs�1

i¼0

�Wi�Wt�i

þ
Xs�1

i¼0

� ~xxi� ~xxt�iþ�ppt�sþ�xxt�sþ�WWt�sþ� ~xx ~xxt�sþ�t

ð13Þ

¼
Xs�1

i¼1

�pi�pt�iþ
Xs�1

i¼0

�xi�xt�iþ
Xs�1

i¼0

�Wi�Wt�i

þ
Xs�1

i¼0

� ~xxi� ~xxt�iþf p�f0�fxx�fWWþl ~xx
� �

t�s
þ�t

ð14Þ

where fj ¼ ��j=f, f¼�p and l ¼ � ~xx=f. It is expected to
see l 2 ½0, 1�, while both adjustment parameters should be
negative, �¼ �x2[�1,0] and f¼ �p2 [�1,0].

14 Other types of functions including quadratic demand functions or log-linear functions are considered in the econometric analysis as
well. Comparisons of the different estimates revealed that there is no loss associated with linear functions. Therefore, the presentation of
theory and estimation results are restricted to the case of linear functions.
15 For a successful application of the ECM framework in NEIO see Steen and Salvanes (1999).
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Finally, the supply equation for sequential move games
is given by

�pt ¼ �0 þ
Xs�1

i¼1

�pi�pt�i þ
Xs�1

i¼0

�xi�xt�i þ
Xs�1

i¼0

�Wi�Wt�i

þ
Xm
j¼1

Xs�1

i¼0

�xbji�
x

bj

����
t�i

þ�ppt�s þ �xxt�s þ �WWt�s

þ �xbj�
x

bj

����
t�s

þ�t ð15Þ

or

�pt ¼
Xs�1

i¼1

�pi�pt�i þ
Xs�1

i¼0

�xi�xt�i þ
Xs�1

i¼0

�Wi�Wt�i

þ
Xm
j¼1

Xs�1

i¼0

�xbji�
x

b j

����
t�i

ð16Þ

þ f p� f0 � fxx� fWW �
Xm
j¼1

fxbj

x

b j

 !
t�s

þ�t

III . MODEL ESTIMATION

Preliminaries

As a first step before the estimation procedure is started,
it is useful to have a closer look to the time series of the
variables under consideration.16 Demand quantities, mar-
ket prices (monthly values) and their first differences are

shown in Fig. 1. Quantity is growing more or less steadily

between November 1991 and 1998. Market price is more

volatile, reaching a minimum of $14 in February 1994 and

a maximum of US$26 in December 1996, more than 84%

above the minimum value.17 While none of both times

series seems to be stationary, their first differences seem

to be reasonably stationary. Similar results hold for the

other variables of the model. See Figs. 2 and 3 for a graphi-

cal impression. Note that the time series on demand quan-

tity restricts the analysis, as these numbers are available

only from November 1991 onward.

After having this first impression, the order of integra-

tion is formally tested for using augmented Dickey–Fuller

(1979) unit-root test.18 The test results are summarized in

Table 1. Let TADF denote the test statistic of the augmented

Dickey-Fuller test, and let * indicates significance at 5%,

** at 1% throughout the paper. Let �Y1 denote the esti-

mated coefficient, while � is the equation-standard error.

Additionally, the lag length used is reported. While all vari-

ables except x/b2 and x/b3 are judged as non-stationary,

there is strong and uniform evidence of stationary first

differences. Hence, the summation of the first differences

capturing the short-run dynamics of the ECM formulation

is stationary.

To ensure the existence of the long-run solution, cointe-

gration was investigated. Here, the multivariate cointegra-

tion test introduced by Johansen (1988) is used. First, the

system of variables describing demand is analysed. This

16All time series are seasonally adjusted using X-11. See Appendix for some basic information about the variables and data sources.
17 In September 1990, which is outsider the time interval for which demand quantities are available, market price reached US$34, more
than twice the minimum value.
18 Critical values based on response surfaces derived by MacKinnon (1991), are reported at the 5% and 1% level.
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-2

0

2

4 dp

Fig. 1. Quantity x, market price p, and their first differences
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system consists of quantity x, market price p, gas price

G, index of industrial production I, two artificial variables

F1 and F2, constant, dummy, trend, and tanker freight

rates W as a supply side variable.19 Let max denote

maximum-eigenvalue statistics. Additionally, trace statis-

tics are reported. Increasing or decreasing lag length does

not change the results substantially. Estimation results for

a lag length of kd¼ 2 are summarized in Table 2. There is

19 To include this supply side variable is a preparation for the instrumental variable approach used to estimate demand in the next
section. While constant and dummy variable entered unrestricted, trend and the supply side variable W entered restricted.
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evidence of cointegration of the variables under consid-

eration. While the more conservative maximum-eigenvalue

criterion indicates two cointegrating vectors, the trace

criterion even allows for four cointegrating vectors.

A similar analysis is performed for the supply relations.

Now, the system for simultaneous-move games consists

of quantity x, price p, tanker freight rates W, the new vari-

able �xx (and x/b2 for sequential games) and a constant.20

Additionally, to prepare the instrumental variable estima-

tion, some variables of the complementary demand func-

tion are again included: trend �, differences of gas price �G

and differences in the index of industrial production �I.

The analysis of cointegration within the supply system is

already based on the completed estimation of the demand
equation presented in the next section since the new vari-
able ~xx has to be derived and included. Nevertheless, to
avoid repetition of the same type of analysis and argu-
ments, the results of the cointegration analysis of the sup-
ply system are presented here. The number of lags used in
the analysis of the supply relation is four. Increasing lag
length does not change the results substantially. Both
criteria suggest that there are four cointegrating vectors
in both systems,21 see Tables 3 and 4 for more results.
Therefore, there is clear evidence of cointegration within
the supply systems.

Since variables cointegrate in all cases, the summation
of the lagged variables in Equations 12, 14 and 16 is stable
too. Therefore, a long run solution exists. Hence, the ECM
formulation is meaningful in all cases and the estimation
results for these equations cannot be presented.

Estimating the ECM of demand

Up to now the existence of a long-run solution and iden-
tification of the market-power parameter l have been
ensured. Since the ECM formulation via Equations 11
and 13 or 12 and 14 is linear, standard OLS is sufficient.
Some estimation of demand given by Equation 11 is
derived first, and then these parameters are transformed
to the desired long-run solution.22 To control for the

Table 1. Augmented Dickey–Fuller test, 1992 (12)–1997 (8).
Critical values: 5%¼�2.913, 1%¼�3.548; Constant included

TADF �Y1 � lag

x �2.2380 0.89405 672.55 1
�x �11.813** �0.38608 696.63 0
p �2.0302 0.85563 1.2327 3
�p �4.1730** �0.17464 1.2371 3
I 0.20946 1.0077 1.0869 1
�I �9.7100** �0.27786 1.0774 0
G �2.2798 0.73047 0.15386 4
�G �8.0218** �0.57794 0.16112 1
W �2.7085 0.65186 1.6619 5
�W �4.4172** �0.86575 1.7086 5
F1 �1.3665 0.88496 4.9346 6
�F1 �4.0128** �0.46884 4.9772 5
F 2 �1.5198 0.90660 129.90 3
�F 2 �4.0970** �0.16910 129.11 3
~xx �1.3472 �0.11984 1095.9 4
� ~xx �8.7051** �8.3444 1104.5 3
x/b2 �7.5511** �0.017863 288.40 0
�x/b2 �13.274** �0.52425 350.50 0
x/b3 �7.5516** �0.018070 50.035 0
�x/b3 �12.927** �0.50473 61.647 0

Note: ** Significance at 1%.

20While constant enters the cointegration analysis unrestricted, the demand parameters index of industrial production, gas price and
trend enter restricted.
21 The results do not changes substantially are included more terms x/b j in the second supply system.
22 See Bårdsen (1989) for more details on this transformation.

Table 2. Cointegration analysis of demand variables, lag length of
kd ¼ 2, 1991 (11)–1997(8)

Ho:rank¼ r
Number of
vectors Eigenvalue Max Trace

r¼ 0 1 0.509 296 49.83** 157.1**
r� 1 2 0.457 262 42.78* 107.3**
r� 2 3 0.266 245 21.66 64.53*
r� 3 4 0.239 583 19.17 42.87*
r� 4 5 0.208 641 16.38 23.7
r� 5 6 0.099 3035 7.321 7.321

Note: ** Significance at 5%; ** significance at 1%.

Table 3. Cointegration analysis of supply variables, incl. ~xx, lag
length of ks¼ 4, 1992 (1)–1997 (8)

Ho:rank¼ r
Number of
vectors Eigenvalues Max Trace

r¼ 0 1 0.812 482 113.8** 226.5**
r� 1 2 0.560 284 55.87** 112.6**
r� 2 3 0.410 64 35.95** 56.77**
r� 3 4 0.263 719 20.82** 20.82**

Note: ** Significance at 1%.

Table 4. Cointegration analysis of supply variables, incl. ~xx and
x/b2, lag length of ks¼ 4, 1992 (1)–1997 (8)

Ho:rank¼ r
Number of
vectors Eigenvalues Max Trace

r¼ 0 1 0.7707 100.1** 297**
r� 1 2 0.6957 80.9** 196.9**
r� 2 3 0.5092 48.39** 116**
r� 3 4 0.4418 39.64** 67.61**
r� 4 5 0.3372 27.97** 27.97**

Note: ** Significance at 1%.
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simultaneity problem inherent in market-equilibrium data,

an instrumental-variable technique is used. As instruments

supply-side variables are included. Here, tanker freight

rates are used with their first and second lag as instruments.

This procedure rests on the assumption that transportation

costs are the major part of marginal costs.

As a benchmark a lag length of six is used. F-tests on

gradual model reduction allowed to reduce the lag length

until k¼ 2. The estimation summarized in Table 5 includes

two lags. As a first evaluation of this estimation, the valid-

ity of instruments was tested for using Sargan’s validity

of instrument test. From TS¼ 0.097558�app�
2(2), a prob-

ability of 0.9524 that H0 is true is obtained, that is, the

instruments are valid. Additionally, a sequence of specifi-

cation and mis-specification test is applied to evaluate the

model.23 Since none of the tests indicate a serious problem,
the estimation results derived so far are proceeded with.

Note that most of the coefficients estimated cannot be
interpreted directly because of the artificial variables F1 and
F2. Nevertheless, some aspects are worth mentioning.
The adjustment parameter � has to be between�1 and zero.
Here, there is a reasonable prediction of �¼ �x,t�2¼

�0.6698. Adjustment from out-of-equilibrium situations
is surprisingly fast. Additionally, as a second meaningful
coefficient, it is possible to calculate price elasticities on
the basis of the long run solution and compare them to
other estimates in the literature. Let "xp denote elasticity
with respect to own price, and "xG denote cross-price elas-
ticity of oil demand with respect to the price of gas as a
substitute. By choosing kd¼ 2, an adjustment period of
two months only is depicted. Therefore, short-run price
elasticities are derived. Let average values be indicated by
an upper bar; then

"xp ¼
h
�p þ �F1 �GGþ �F2 �II

i �PP

�xx
� �0:065

and

"xG ¼

h
�G þ �F1 �PP

i �GG

�xx
� þ9:365 � 10�4

The short-run price elasticity with respect to the own
market price is small, and negative. The estimation is
well in line with other results in the literature. Table 6
summarizes some estimates of short-run price elasticity to
be found in the literature.24 Short run cross-price elasticity
with respect to gas price is very small, as expected. Oil and
gas are poor substitutes in the short run, but compete much
stronger in the long run.

Since demand elasticity may strongly depend on the
underlying function, other types of demand functions are
analysed as well. Assuming a quadratic demand function
does not alter the elasticity estimate substantially. Under
the assumption of a quadratic demand function, an esti-
mated elasticity of �0.066 is obtained. None of the diag-
nostic tests indicate a substantial advantage of either form.

23 There may be a problem of near collinearity, indicated by high explanatory power but low significance of large parts of the coefficients.
Since the analysis uses combined effects, the problem does not constrain the analysis here. Only if the demand estimation is used outside
the framework of the paper, one should be aware of this fact.
24 See Greene (1991).

Table 5. IV-Estimates of demand, kd¼ 2

Coefficient
Estimated
value

Standard
Error t-value

�0 907 07.0 67 350.0 1.347
��x,t�1 �0.959 76 0.209 67 �4.578
��p �14 147.0 15978.0 �0.885
��p,t�1 1737.6 3556.3 0.489
��I �2433.6 2888.5 �0.843
��I,t�1 345.77 622.44 0.555
��G 1940.1 2646.6 0.733
��G,t�1 1132.2 2230.4 0.508
��F1 8.8834 130.72 0.068
��F1,t�1 15.405 102.70 0.150
��F 2 137.09 157.65 0.870
��F 2,t�1 �17.332 34.829 �0.498
��D 2693.5 2390.8 1.127
��D,t�1 �821.64 1925.0 �0.427
�x,t�2 �0.66 983 0.194 73 �3.440
�p,t�2 �2386.0 3909.0 �0.610
�I,t�2 �515.18 592.71 �0.869
�G,t�2 1693.6 2108.9 0.803
�F1,t�2 �90.736 106.53 �0.852
�F 2,t�2 24.391 38.856 0.628
�D,t�2 1330.9 843.70 1.577
�trend 87.165 27.703 3.146

Long run parameters
�0 135 418 84 570 1.6013
�p �3562.10 5494 �0.6483
�I �769.12 814.1 0.9447
�G 2528.4 3166 0.7985
�F1 �135.46 156.4 0.8664
�F2 36.41 54.57 0.6672
�D 1986.9 1412 1.4072
�trend 130.1 33.52 3.8813

Note: Long run solution: x¼ �0þ �ppþ �IIþ �GGþ �F1F1þ
�F2F 2þ �DD.

Table 6. Estimates of short run price elasticity for crude oil

Source Elasticity estimated

Gately (1982) �0.05
Alsmiller et al. (1985) �0.06
Sweeney and Boskin (1985) �0.09
Morrison (1987) �0.065
Baldwin and Prosser (1988) �0.04
US DOE and EIA (1990)(US$20/bbl) �0.112
(US$50/bbl) �0.176

Cartel formation and oligopoly structure 1363



If a log-linear demand function is estimated instead, there
is no significant long run solution; that is, it is no longer
possible to reject the hypothesis of all long-run coefficients
being zero. Therefore, a log-linear function is not a suitable
representation of the demand relation in the market.
Since elasticity estimates are similar under linear and quad-
ratic demand and since it is only this elasticity coefficient
that enters the supply relation via

x

ð@x=@pÞ
¼

�pp

"xG

x

�xx

the assumed linear demand function is adhered to, while
keeping in mind that a quadratic function yields quite
similar results.

Estimating the ECM of supply

Given the estimates for the demand function, it is now
possible to calculate the new variables ~xx via ~xx� x/b,
where b ¼ ~��p þ ~��F1Gþ ~��F2I and x/bi as defined in
Section II. The supply system appropriate for simultaneous
move models is considered first. Here the supply system
is estimated based on total quantity demanded x, the new
variable ~xx and freight rates for tankers which are assumed
to be a substantial element in the cost function. Again, the
ECM formulation is estimated using an instrumental-
variable approach. The instruments come out of the
demand function to overcome the simultaneity problem:
differences of gas prices �G and index of industry produc-
tion, �I with their first and second lag and the trend vari-
able are used.25 The present sample is 1992 (3)–1997 (8). To
find out the optimal lag length, a sequence of models with
decreasing lag length was estimated. Using F-tests on sys-
tem reduction, the optimal lag length is found to be ks¼ 6.
Table 7 summarizes the estimation results.

None of the specification and mis-specification tests
applied allows to reject the model. A first inspection of
the estimation results in detail reveals again several impor-
tant aspects. First of all, the number of significant coeffi-
cients has increased substantially compared to the demand
estimates. Again, the two key coefficients, �p and l, are
significant and have the expected sign. The equilibrium-
adjustment parameter is negative as expected, �p¼
�p,t�6��0.385. Adjustment to equilibrium price is slower
than the adjustment of demand quantity, which might be
explained by technical feature of the oil producing process.
The market-power parameter l is small, but significant,
l� 0.018>0.

If a sequential-moves model is appropriate, it is neces-
sary to identify l as a function of the demand shifter as
summarized by Equation 5. The estimation procedure is

almost the same as described above. Additionally, how
many summand ~xx=bi to include must be decided on.
Note that the mean value of b is 248.323. Therefore,
using average values, ~xx=b2 is about 1.6�10�3 and ~xx/b3 is
6.6�10�6. Even though ~xx/bi approaches zero quickly, it is
not a priori clear how many terms have to be included.
F-tests on model reduction are used to confirm the first
impression. Based on these F-tests, it was possible to
reduce the system to two new variables only, ~xx and ~xx/b.
Table 8 summarizes the results of the estimation procedure
including these two variables.

Adjustment to equilibrium is even faster than under the
assumption of simultaneous-move games. Again, price is a
decreasing function of quantity as expected. Calculating l(b)
now yields

lðbÞ ¼ f ~xx þ f ~xx=b=b ¼ 0:00679 ð17Þ

Table 7. IV-Estimates of supply using simultaneous-move models,
ks¼ 6

Coefficient Estimated value Standard error t-value

�0 22.736 13.329 1.706
��p,t�1 �0.277 99 0.159 15 �1.747
��p,t�2 �0.452 91 0.161 28 �2.808
��p,t�3 �0.134 99 0.184 73 �0.731
��p,t�4 �0.325 50 0.164 89 �1.974
��p,t�5 �0.455 19 0.198 52 �2.293
��x 1.9042e-005 0.000 352 66 0.054
��x,t�1 2.1183e-005 0.000 291 69 0.073
��x,t�2 2.0204e-005 0.000 285 35 0.071
��x,t�3 1.3801e-005 0.000 301 70 0.046
��x,t�4 1.7622e-005 0.000 300 68 0.059
��x,t�5 0.000 113 64 0.000 288 11 0.394
��W �0.165 74 0.105 70 �1.568
��W,t�1 0.0216 13 0.116 03 0.186
��W,t�2 �0.227 88 0.130 39 �1.748
��W,t�3 �0.126 81 0.129 82 �0.977
��W,t�4 0.0193 72 0.155 73 0.124
��W,t�5 �0.10431 0.157 92 �0.661
��~xx �0.000 156 12 0.000 180 77 �0.864
��~xx,t�1 0.0008 12 82 0.000 3806 5 2.135
��~xx,t�2 0.0011 136 0.000 4129 9 2.697
��~xx,t�3 �0.003 022 6 0.001 180 2 �2.561
��~xx,t�4 �0.004 962 9 0.001 756 1 �2.826
��~xx,t�5 �0.007 565 4 0.002 532 7 �2.987
�p,t�6 �0.384 88 0.150 64 �2.555
�x,t�6 �0.000 223 31 0.000 209 32 �1.067
�W,t�6 �0.141 47 0.168 62 �0.839
� ~xx,t�6 �0.006 992 4 0.002 439 7 �2.866

Long run parameters
f0 59.07 18.65 3.167
fx �0.00058 0.00040 �1.441
fW �0.3676 0.5013 �0.733
l 0.01817 0.00372 4.879

Note: Long run solution: p¼foþfxxþfWW�l ~xx.

25 After the estimation, Sargan’s test was again used to check for the validity of instruments. This test yields TS¼ 5.974� app�
2(6).

Having a p-value of 0.4261, the null hypothesis of valid instruments could not be rejected.

1364 S. Böckem



which is even smaller than the value predicted
under the simultaneous-move assumption. Moreover,
�l¼ 9.498�10�3 holds. Both estimates of l will now be
used in turn to see whether a convincing description of
the crude oil market can be found.

IV. EVALUATING THE OIL MARKET

The next step in the analysis is to sort out the theoretical
benchmark model that is closest to the estimation results.

The market models considered are perfect competition,
simultaneous-move Cournot games with and without a car-
tel, a sequential-move Cournot game with a cartel as a first
mover, and a price leader–cartel model. For each of these
models, first it is necessary to derive the theoretical value
of l. Then a sequence of hypotheses for l will be tested to
answer the question whether or not the underlying theore-
tical model is an appropriate description of market behav-
iour. Models based on the simultaneous-move assumption
will be considered first.

What is immediately clear from the estimation result of
the previous section is that perfect competition cannot be
regarded as the appropriate market model. Perfect compe-
tition would imply that the market power of each supplier
is zero, l¼ 0. Testing Ho: l� 0 against Ha: l>0 leads to
a straightforward rejection. In fact, perfect competition is
not what comes to mind naturally as the description of the
crude oil market. Instead, some solution within the class of
oligopoly models is expected, which will now be analysed in
detail.

To this end, aggregate supply behaviour has to be
derived out of the individual profit-maximization problem
of a supplier as a first step. Therefore, consider the indi-
vidual supply decisions given by Equation 2 and ask for the
appropriate way of aggregating them to a market relation
as stated in Equation 4. Since firms may differ with respect
to their individual production-cost functions, but never-
theless produce and supply in equilibrium, all individual
first-order conditions are weighted by the individual mar-
ket share. Adding up all weighted first-order conditions
yields.26

0 ¼
Xn
i¼1

xi
x

@p

@x

@x

@xi
xi þ pðxÞ � ci xið Þ

� �

pðxÞ ¼
X
i

ciðxiÞ
xi
x
�

x

@x=@p

X
i

@x

@xi

xi
x

� 	2
Aggregate marginal costs are now given by the sum of
individual marginal costs, weighted by the market share
of the individual supplier. The natural interpretation of
such an expression is average marginal costs, and this
seems to be a reasonable interpretation of what is captured
by the marginal cost part of the supply relation. l is now
given by the sum of total quantity impact of each indivi-
dual firm, weighted by squared market shares,

l ¼
X
i

@x

@xi

xi
x

� 	2
ð18Þ

In the case of a simultaneous-move Cournot game of n
independent suppliers, l is just equal to the sum of squared
market shares,

l ¼
X
i

xi
x

� 	2

Table 8. IV-Estimates of supply in sequential models, 1992 (3)–
1997 (1), kS¼ 6

Coefficient Estimated value Standard error t-value

�0 73.340 32.854 2.232
��p,t�1 �0.348 78 0.220 90 �1.579
��p,t�2 �0.702 95 0.239 63 �2.933
��p,t�3 �0.269 57 0.252 00 �1.070
��p,t�4 �0.454 09 0.239 86 �1.893
��p,t�5 �0.778 52 0.379 03 �2.054
��x �6.0763e-005 0.000 478 58 �0.127
��x,t�1 �0.000 247 18 0.000 403 47 �0.613
��x,t�2 �0.000 217 83 0.000 419 64 �0.519
��x,t�3 �0.000 305 41 0.000 482 39 �0.633
��x,t�4 �0.000 484 47 0.000 474 13 �1.022
��x,t�5 �0.000 595 24 0.000 534 98 �1.113
��W 3.1191e-005 0.145 99 0.000
��W,t�1 0.104 79 0.148 29 0.707
��W,t�2 �0.024 894 0.216 70 �0.115
��W,t�3 0.0549 11 0.176 98 0.310
��W,t�4 0.285 75 0.271 00 1.054
��W,t�5 0.080 823 0.233 36 0.346
�� ~xx �0.00 84801 0.0139 05 �0.610
�� ~xx,t�1 �0.019 270 0.0129 88 �1.484
�� ~xx,t�2 �0.014 611 0.0152 73 �0.957
�� ~xx,t�3 �0.010 165 0.0133 64 �0.761
�� ~xx,t�4 �0.030 751 0.0128 13 �2.400
�� ~xx,t�5 �0.015 053 0.0130 10 �1.157
�� ~xx/b �0.468 79 0.901 76 �0.520
�� ~xx/b,t�1 �1.0699 0.809 46 �1.322
�� ~xx/b,t�2 �0.553 47 0.922 83 �0.600
�� ~xx/b,t�3 �0.086 524 0.804 15 �0.108
�� ~xx/b,t�4 �1.1834 0.797 95 �1.483
�� ~xx/b,t�5 0.032 011 0.805 53 0.040
�p,t�6 �0.791 89 0.353 04 �2.243
�x,t�6 �0.00095767 0.00048407 �1.978
�W,t�6 0.11860 0.25090 0.473
� ~xx,t�6 �0.00061444 0.0071194 �0.086
� ~xx/b,t�6 1.1830 0.69212 1.709

Long run parameters
f0 92.61 16.08 5.759
fx �0.001209 0.0003106 �3.892
fW 0.1498 0.2807 0.534
f ~xx �0.0007759 0.008998 �0.086
f ~xx/b 1.494 0.7553 1.978

Note: Long run solution: p¼f0 þ fxxþ fWWþ f ~xx ~xxþ f ~xx=bð ~xx=bÞ.

26 See for example Cowling and Waterson (1976) for this procedure.
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The result easily generalizes to the case of a simultaneous-
move Cournot game where one player is a cartel of l
members. Such a cartel reduces the number of ‘firms’
from n to n� lþ 1. Since quantities are still chosen as
before, summation now has to run over a smaller number
of suppliers since there now exists one player with a larger
market share.

If the cartel acts as a first mover while all other indepen-
dent suppliers act as followers, l is given by

l ¼
X

followers

xi
x

� 	2
þ

xc

x

� �2

� 1þ
@xF

@xc

� �

where xC denotes the quantity of the cartel and xF denotes
total quantity of all followers. Note that xF decreases in xC,
which can easily be seen if the implicit function theorem
is applied to a first-order condition of a non-cartel member.
Therefore, the value of l is smaller for a first-mover cartel
game than for a simultaneous-move cartel game. A simple
intuition for this result is as follows: Since all fringe
members know that the cartel will anticipate their quantity
decision properly, they are able to free-ride on the cartel’s
efforts to keep market price high. This at least partially
weakens the position of the cartel and could even decrease
cartel profits below the sum of individual profits of a
simultaneous-move game. Note that this is nothing but
the classic textbook argument. The absolute value of l
now varies with the shape of the demand function and
the marginal cost function. More precisely, if there are k
cartel members and l firms outsider the cartel, (all firms
identical)

lðbÞ ¼
l bcþ 1þ

c

k
b

� 	2
bcþ l þ 1ð Þ þ bcþ 1ð Þ

3

bcþ 1ð Þ 1þ lð Þ þ
c

k

h i2
bcþ l þ 1ð Þ

has to hold.
Note that major parts of this equation cannot be eval-

uated directly in the econometric framework. Suppliers
are no longer identical such that a much more complex
structure would have to be included. Independent of this,
it is possible to infer the general structure of the solution.
l can be rewritten as a series of 1/bi as used in Equation 6.
Moreover, from ð@xF=@xcÞ 2 ½�1, 0�, then

l2
X

followers

xi
x

� 	2
,

X
followers

xi
x

� 	2
þ

xc

x

� �2
" #

which is again a testable prediction.
As a last benchmark model, let the predicted value of l

be deducted if it is assumed that there is a price-leader
cartel and all other suppliers form a price-taking fringe.27

If it is assumed that all fringe firms act as price takers,

the summation of their first-order conditions yields

p
X
fringe

xi
x
¼
X
fringe

xi
x
ciðxiÞ ð19Þ

Let xF denote the total quantity of all fringe suppliers and xc

denote the quantity supplied by the cartel. Now, the cartel
has to choose market price such that cartel profits are max-
imized given the behaviour of the fringe, that is consid-
ering residual demand. The first-order profit-maximization
condition for the cartel can be written as

@�c

@p
¼ xðpÞ � xF ð pÞ
� �

þ p
@x
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�
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Add Equations 19 and 20 and compare this sum to
Equation 4. This yields

l ¼
xc

x

� �2 @x=@p

ð@x=@pÞ � ð@xF=@pÞ

Calculating l(b) now gives

lðbÞ ¼
b bþ

l

c

� �

b 1þ
l

k

� �
þ

l

k
2þ

l

k

� �� �2

Without more detailed information about heterogeneity
of suppliers, l(b) cannot be calculated explicitly, but
again the same kind of series can be used to approximate
l. This time, since ð@xF=@pÞ > 0 and ð@x=@pÞ < 0, l 2

½0, ðxc=xÞ2� is obtained.
The final step is to bring together the econometric

estimates derived in Section III and the predictions of the
different theoretical models. To calculate l from the theo-
retical benchmark models, detailed data on market shares
is desirable. No reliable detailed trade statistics are avail-
able. As the best substitute, average production data is
used. Economic reasoning immediately shows that there
should not exist any substantial systematic and persisting
bias between production shares and trade shares if year-
averages are used. A second problem is given by the fact
that available production data are on country level. At
first glance, this is a serious limitation. A closer look
reveals that in a vast majority of countries, there is indeed
one single oil-producing company, which typically is a
state-owned monopolist. In some countries, production is
partially organized as joint venture, but these contracts
usually call for a very large share of production to
be paid as concession fee to the government. Therefore,

27 For such classical type of model within the literature of static cartel games see for example d’Aspremont et al. (1983).
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production shares at the country level are sufficient for the
model of the international crude oil market.

For 69 countries in the world, detailed production data is
available. Averages values of daily production for 1997 are
used. The distribution of market shares is highly skewed.
While Saudi Arabia and the USA both have a production
share of more than 11% each, Russia is the next lar-
gest producer with almost 8.7%. There are five producers
with production shares between 4% and 6%. Two-thirds
of all producing countries each have less than 1%. When
OPEC28 is considered as a cartel, OPEC stands for a
market share of 41.2%.

To evaluate the simultaneous move Cournot game of
independent suppliers, the sum of squared market shares
is calculated. This yields lC¼ 0.0549. Test Ho: l¼ 0.0549
against Ha: l 6¼ 0.0549. The assumption of a simultaneous-
move Cournot game can be rejected by standard t-tests on
a 5% level as well as at the 1% level. If additionally it
is assumed that OPEC behaves as a cartel, this strengthens
the result even further. Now, the prediction is that l
reaches a level of 20.06%, which is even higher.
Therefore, it comes as no surprise that a test of H0:
l¼ 0.2006 against Ha: l 6¼ 0.2006 is again rejected at a
5% and 1% level. It can neither be approved that the
underlying model of OPEC is a cartel in a simultaneous-
move Cournot game, nor models where all supplying
countries compete as independent Cournot oligopolists.

Since none of the simultaneous-move models is sup-
ported by the data, sequential models are tested. Now,
the estimate is l(b)¼0.0068. In the case of a first-mover
Cournot cartel, the prediction is

l 2
X

followers

xi
x

� 	2
,
X

followers

xi
x

� 	2
þ

xc

x

� �2
" #

¼ 0:0305; 0:2006½ �

Test H0: l � 0:0305 against Ha: l < 0:0305, and again the
null is rejected. There is no indication of OPEC being a
first-mover Cournot cartel.

As a last theoretical model, it is necessary to test
whether OPEC behaves as a price-leader cartel while all
other producing countries behave as price takers. Theory
now predicts l to be in ½0; ðxc=xÞ2� ¼ ½0, 0:17007�. If
H0: l� 0.170 is tested against Ha: l<0.170, the null of
inadequacy of a price-leader model can be rejected. The
assumption of OPEC being a price-leader cartel competing
against a competitive fringe is the only market model that
cannot be rejected using the estimates.

This result is supported by some theoretical considera-
tions. Cartels cannot be explained for all kinds of models
and all types of demand and cost functions using static
arguments. It is only for the first-mover Cournot cartel

and for price-leader cartels that the static one-shot
approach explains the existence of a cartel independent
of the shape of demand and cost. Within the 30 years of
OPEC, at least demand conditions have changed substan-
tially. Demand and the number of suppliers have increased
strongly. Nevertheless, as the price-leader model has been
derived as the best description, this does not create any
contradiction.

V. CONCLUSION

When ‘Colonel’ Drake successfully brought down the
first specific oil drilling in Pennsylvania in August 1859,
he could not imagine how important this new industry
would become for the world economy. Even though a lot
of economic research was done regarding this key market,
there is no generally accepted description of this market.
Especially the existence of OPEC for more than 30 years
has always left economists with unpleasant questions.

The techniques of the NEIO literature proved to be
successful for the crude-oil market too. By simultaneously
estimating demand and supply within the industry, an
econometric statement about exercised market power has
been derived. A comparison of this statement to predic-
tions out of several theoretical benchmark models about
market behaviour shows that there is only one hypothesis
for which there is support: OPEC appears to be a price-
leader cartel while all non-OPEC member countries should
be regarded as price takers. Even though this model is
appealing (it fits nicely to public opinion), it is still neces-
sary to be very careful not to take this model as a ‘true’
picture of the mechanisms driving this market. Given
the empirical evidence, it is just a statistically-based
description.

There are several important features that are not
included in this model. Even though the price-leader
model predicts economic performance sufficiently well,
internal decision processes and strategy implementation
within a cartel of independent states might look very dif-
ferent. While it is easy to assume profit maximization as
objective of independent firms, objective functions of coun-
tries with different political regimes, different culture and
religions may follow their own rules. Still, the price-leader
cartel model is superior to all other economic models in
describing economic performance.

OPEC has existed for more than 30 years now. Demand
and cost conditions have changed substantially within this
period. Only a few models robustly predict cartel existence.
As it is exactly the most robust predictor that is sorted out
by the analysis, this long period of 30 years gives some

28 The 11 OPEC member countries in 1997 were: Algeria, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, United
Arab Emirates and Venezuela. Ecuador had left OPEC in 1992, Gabon in 1996.
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more weight to the result than would generally like to be
attributed to one single observation.
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APPENDIX: BASIC DESCRIPTIONS OF
MAJOR VARIABLES

x Quantity: Monthly data on traded quantity of crude
oil, in 1000 barrels per day, Sources: Oil and Energy
Trends, various issues. No numbers for demand are
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available before September 1991. Seasonally adjusted
by X-11.

p Price: Spot crude oil price for UK Brent 37	 API,
monthly average in US$ per barrel, FOB port of
shipment. Source: Oil and Energy Trends, various
issues. Seasonally adjusted by X-11.

W Freight rate: Spot freight rates for tanker size LR1
(between 45 000 and 79 900 metric tons), from Ras
Tanura to Rotterdam, in US$ per metric ton,
monthly averages. Source: Oil and Energy Trends,
various issues. Seasonally adjusted by X-11. Missing
December values are substituted by average of the
year.

I Industrial production: Index for industrial produc-
tion (1990¼ 100) in the 12–15 countries of the
European Union, seasonally adjusted. Source: Oil
and Energy Trends, various issues.

G Gas price: Monthly averages of natural gas

import price into Germany by pipeline in US$/

Mbtu. Before January 1992, no monthly statistic is

available. Approximation by cost for Natural

Gas import by Pipeline to Germany in US$/toe,

average unit value, CIF. Source: IEA

Energy Prices and Taxes, quarterly statistics, various

issues.

Q Production quantities: Quantity of crude oil

produced by countries, in 1000 barrels per day,

monthly averages, Sources: Oil and Energy

Trends, various issues. Seasonally adjusted by X-11.

D Dummy variable: Dummy variable included in

the demand function, zero before April 1997 and

one thereafter, to capture influences of the Asian

crisis.

Table A1. Mean, standard deviation of variables and correlation

Correlation x p I W G F1 F2 ~xx

x 1
p 0.0861 1
I 0.6992 0.4491 1
W 0.7012 0.0038 0.4903 1
G 0.2461 0.5498 0.4423 0.2239 1
F1 0.1929 0.9223 0.4974 0.0931 0.7950 1
F2 0.2672 0.9725 0.6430 0.1350 0.5854 0.9196 1
~xx 0.1964 0.0022 0.2090 0.2503 �0.011 0.0007 0.0565 1
mean 67 546.0 18.486 100.99 21.789 2.6047 48.354 1871.0 �101.46
std.div. 2664.0 2.3441 3.9108 2.7676 0.19967 9.0904 278.13 1466.0
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