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Overview

Economists have long been interested in OPEC and the world oil market.  As a step towards better understanding and modeling the world oil market and OPEC in particular, this paper estimates a dynamic model of the world oil market and tests whether OPEC countries colluded and whether non-OPEC countries behaved as price takers or oligopolists over the period 1970-2004.

The research in this paper makes several important contributions to the existing literature.  First, it takes to data the theoretical model of optimal nonrenewable resource extraction that was first examined by Hotelling (1931), and later expanded upon by many others to allow for such features such as Nash-Cournot behavior (Salant, 1976; Ulph & Folie, 1980), OPEC (Hnyilicza & Pindyck, 1976; Pindyck, 1976; Cremer & Weitzman, 1976), stock effects in extraction costs (Farzin, 1992; Hanson, 1980; Solow & Wan, 1976), exploration (Pesaran, 1990; Pindyck, 1978), market imperfections (see Cremer & Salehi-Isfahani, 1991 and references therein; Khalatbari, 1977; Stiglitz, 1976; Sweeney, 1977), technological progress (Farzin, 1992, 1995; Lin et al., 2009; Lin & Wagner, 2007), outward-shifting demand (Chapman, 1993; Chapman & Khanna, 2000), and uncertainty (Hoel, 1978; Pindyck, 1980).  Cremer and Salehi-Isfahani (1991) provide a comprehensive survey of models of the oil market.  Livernois (2009) and Slade and Thille (2009) present recent and thorough reviews of the empirical literature on the Hotelling model.  Unlike many previous studies of the petroleum market, this paper estimates a dynamic model of the world petroleum market.  

The second contribution is that this paper builds upon existing empirical studies of the petroleum market (see e.g., Adelman, 1962; Berndt & Wood, 1975; Gately, 1984; Gately & Huntington, 2002; Griffin, 1985; Hausman, 1975; Kennedy, 1974; Nordhaus, 1980; Young, 1992) by addressing the identification problem that arises in empirical analyses of supply and demand.  Because the observed equilibrium prices and quantities are simultaneously determined in the supply-and-demand system, instrumental variables are needed to address the endogeneity problem (Angrist et al., 2000; Goldberger, 1991; Lin, 2011; Manski, 1995).  

The third contribution is that this paper develops a dynamic model that enables one to test for the market conduct of OPEC and non-OPEC producers.  This paper builds upon the work of Griffin (1985), who tests alternative models of OPEC behavior using quarterly data over the period 1971-1983, by using a dynamic model, by using instrumental variables to address endogeneity, and by incorporating two additional decades of recent data.  It expands upon the work of Matutes (1988) by using instruments and by incorporating more recent data.  This paper also builds upon the literature on conduct parameter analysis (see e.g., Genesove & Mullin, 1998; Corts, 1999 & references therein) by estimating a dynamic model.  Farzin (1985) estimates a supply function for non-OPEC producers using U.S. data from 1973-1978; this paper considers the supply function for both OPEC and non-OPEC producers over a longer period of time.  OPEC behavior is also analyzed by Alhajji and Huettner (2000a,b) and Almoguera, Douglas and Herrera (2011).  For a detailed review of the literature on oil market modeling and OPEC's behavior, see Al-Qahtani, Balistreri and Dahl (2008).   
Methods

This paper estimates a dynamic model of the world oil market and tests whether OPEC countries colluded and whether non-OPEC countries behaved oligopolistically over the period 1970-2004.  The empirical model allows for the possibility that OPEC producers either colludes or not and that non-OPEC producers behave either as Cournot oligopolists or as perfectly competitive price-takers, possibly as the fringe.
Results

Results of the analysis by decade support OPEC countries colluding as the dominant cartel producer and non-OPEC countries behaving as an oligopolistic fringe. The residual demand elasticity faced by OPEC is more elastic than the market demand elasticity, which is relatively inelastic.  Market demand has become more inelastic over time over the period of study.
Conclusions

Oligopolistic behavior among non-OPEC producers in the 1970s and 1980s is consistent with Roncaglia (1985), whose study of the international oil market from its inception to the early 1980s characterized the market as that of trilateral oligopoly.  In his testing among cartel, competitive, target revenue, and property rights models, Griffin (1985) finds that over 1971-1983 the competitive model could not be rejected for 10 of 11 non-OPEC producers.  His result is not inconsistent with the result of this paper, however, because oligopoly was not one of the models considered.  

Collusion among OPEC producers is consistent with the results of Griffin (1985), who finds that over 1971-1983, the partial market-sharing cartel model could not be rejected for all 11 countries.  Collusion among OPEC producers in the earlier years of the data set are also consistent with the characterization in Zellou and Cuddington (2012), who draws upon Hamilton (2011) and Yergin (1991), that the years of 1973-1996 represented the age of OPEC.  

The research in this paper makes several important contributions to the existing literature.  First, it takes to data the Hotelling model of optimal nonrenewable resource extraction.  Second, this paper builds upon existing empirical studies of the petroleum market by addressing the identification problem that arises in empirical analyses of supply and demand.   The third contribution is that this paper develops a dynamic model that enables one to test for the market conduct of OPEC and non-OPEC producers.  Results of the analysis by decade support OPEC countries colluding as the dominant cartel producer and non-OPEC countries behaving as an oligopolistic fringe.  
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