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Abstract

We estimate models that identify the economic and organizational determinants of crude oil production
by individual OPEC nations. To clarify the interpretation of econometric results, we model production with
specifications that resolve the statistical ordering of variables and estimate models with techniques that can
cope with stochastic trends in the time series. We also analyze the short-run dynamics for asymmetries that
may carry important insights about OPEC behavior. Results indicate that Quotas are an important
determinant of production and their effects generally are symmetric, which implies that OPEC is an
organization that influences production and ultimately prices. Real prices generally have a positive effect on
production and the size of this effect may depend on spare capacity, which implies that OPEC behaviors
also embody competitive elements. Finally all nations other than Saudi Arabia show some form of
production sharing behavior, which may imply that OPEC shares mismatches between the call for OPEC
production and OPEC quotas.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The recent rise in oil prices propels the world oil market back towards the forefront of energy-
related research. Kaufmann et al. (2004) attribute quarterly changes in oil prices to four factors;
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(1) capacity utilization by OPEC, (2) production quotas established by OPEC, (3) the degree to
which OPEC production exceeds these quotas, and (4) private stocks of crude oil that are held in
OECD nations. These mechanisms imply that OPEC can influence real oil prices via decisions
concerning production, quotas, and operable capacity. To date, research on the factors that
motivate these decisions focuses on the nature of OPEC as an organization. Is OPEC a cartel? If
not, what are OPEC's goals? By defining OPEC, analysts hope to understand its decision making
process and improve their ability to forecast production and prices.

Previous efforts describe OPEC using either cartel or non-cartel models (Alhajji and Huettner,
2000b). Non-cartel models focus on competition (e.g. MacAvoy, 1982), changes in ownership
(Johany, 1979), and revenue targets (e.g. Teece, 1982). Cartel models seek to classify OPEC as a
monopoly, an oligopoly, or a dominant firm. OPEC's classification among these models still is
uncertain. Statistical tests of Eq. (3) (in this paper) cause analysts to reject competitive behavior,
changes in ownership, and revenue targets (Griffin, 1985; Jones, 1990; Dahl and Yucel, 1991).
Alhajji and Huettner (2000a,b) reject the cartel hypothesis for OPEC as a whole or for the OPEC
core (Saudi Arabia, Kuwait, the United Arab Emirates, and Qatar). Instead, Alhajji and Huettner
(2000a) argue that Saudi Arabia is a dominant firm and that the remaining members of OPEC can
be modeled using alternative representations, such as a target revenue model. Smith (2005) argues
that OPEC acts as a bureaucratic syndicate. For an extensive literature review, see Smith (2005).

The branch of empirical research emphasized here starts with a seminal paper by Griffin
(1985) that evolves through a series of modifications (Loderer, 1985; Green, 1988; Dahl and
Yucel, 1991; Polasky, 1992, Jones, 1990; Griffin and Nielson, 1994; Gulen, 1996; Alhajji and
Huettner, 2000a,b; Smith, 2005). Many of these analyses generate conflicting results, such as the
sign on the relationship between oil prices and production or the importance of production sharing
behavior. Furthermore, Smith (2005) argues that Griffin's specification and its derivatives are able
to reject only the most extreme forms of behavior, such as “constant market sharing” or the strict
version of the target revenue hypothesis. For less extreme behaviors, the models have low power
to choose among competing hypotheses for the nature of OPEC as an organization.

Given these limits, our modifications to Griffin's model do not attempt to classify OPEC as an
organization. Rather, we estimate models that seek to understand how economic and institutional
variables influence the rate of crude oil production by individual OPEC nations. To ensure that
our results identify the determinants of OPEC production and avoid biases that are associated with
the simultaneous determination of oil supply, demand, and price, we model production with
specifications that resolve the direction of causality and estimate models with techniques that can
cope with stochastic trends in the time series.

To use these techniques, we ensure cointegration with a simple change to previous efforts—
including OPEC Quotas. In addition to improving the statistical properties of the estimations, the
results generate some significant insights. OPEC quotas affect production, both in the short- and
long-term. This result indicates that OPEC exercises market power by assigning quotas that
influence production and prices. Higher oil prices increase production by individual OPEC
nations, rather than depressing production as found by previous studies. This implies that OPEC
behavior also embodies competitive elements.

These results and the methodology used to generate them are described in five sections.
Section 2 describes an econometric methodology that allows us to estimate models for crude oil
production by eight OPEC nations. Econometric results are described in Section 3. Section 4
describes what the results imply about the effect of quotas, prices, and production sharing
behavior on OPEC production and what these effects imply regarding the on-going debate about
the nature of OPEC as an organization. Section 5 describes limits on current research and suggests
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