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Overview

Oil prices have changed substantially over the last three decades. Researchers have considered many explanations to account for the long-run behavior of prices, including growing demand from emerging economies, noncompetitive behavior of OPEC, resource depletion, and rising extraction costs. To understand which factors are paramount in driving the oil price requires the estimation of cost and demand parameters under different market structures. Because supply relations and demand function are likely to move simultaneously as a result of exogenous shifters (like income and technological factors), econometric methods such as instrumental variables should be used to estimate these parameters. Unfortunately, the application of these methods to the oil market has proven difficult.

We use the dominant firm--competitive fringe textbook model (OPEC versus the group of non-OPEC producers) and estimate significant elasticities over the sample period 1986-2009 that correct for the simultaneity bias by using standard IV methods. We show that it is critical to correctly specify the market structure to obtain significant elasticities, and document that OPEC exercised market power during the sample period 1986-2009.

Methods

In our model, demand is standard - it depends on the current oil price and world GDP - but we depart from standard supply analysis by assuming that one group of oil producers, OPEC, can exert market power, whereas the non-OPEC oil producers act as a competitive fringe. Once OPEC sets the price of oil, total demand and the fringe's supply are determined, and OPEC is faced with the residual demand: total demand less the competitive supply. OPEC sets the price that maximizes its total profits, taking into account the impact of its pricing decision on the residual demand. This choice leads to a nonlinear price-setting rule. We use quarterly data from 1986 to 2009 and estimate a simultaneous system of three equations, using nonlinear instrumental variable methods with world GDP and production costs for OPEC and non-OPEC producers as exogenous demand and supply shifters. Our results suggest that the nonlinearity induced by OPEC's markup is of key importance in modeling oil prices.

Results
Our results suggest that the dominant firm model provides a fair representation of the oil market: all structural parameters have the expected sign and are statistically significant (except for the marginal cost elasticity of OPEC). We estimate a long-run price elasticity of demand of -0.34, which is somewhat larger than previous estimates reported in the literature; see, for example, Dahl (1993), Gately and Huntington (2002), and Cooper (2003). Our estimate of the income elasticity of demand is 1.11, which is higher than previous estimates, see, for example, the Gately and Huntington 2002 study (0.55 for OECD countries and 1.17 for non-OECD countries including China and India) and Graham and Glaister (2004). This result partly reflects the high GDP growth rates of China and India during most years of our 1986--2009 data period, which is not a feature in most of the previous studies. We find a non-OPEC supply elasticity of 0.31, and further that the marginal cost of oil production is lower for OPEC than for non-OPEC producers. Because the demand and non-OPEC supply elasticities are statistically significant, we obtain a tight estimate for the degree of OPEC's market power---we find evidence that OPEC exerted substantial market power in the period analyzed.
To gain insight about the role of OPEC's markup for our estimation results, we reestimate the model under the assumption that OPEC is a price taker. With a competitive model we obtain an insignificant (and marginally positive) demand elasticity. Using the competitive model we also obtain a lower income elasticity (around 0.5) and find an insignificant factor price elasticity for OPEC. The difference between the results obtained from the competitive model and the dominant firm model reflects the nonlinear response induced by OPEC's markup on its residual demand. In our model OPEC's markup is not a constant; it is a function of parameters (to be estimated) and endogenous variables.
 To test our benchmark dominant firm model against the competitive alternative model, we use a non-nested statistical test of Smith (1992) for competing models estimated by generalized method of moments. We find that there is no evidence to reject the dominant firm model against the competitive model.
Conclusions

Using our estimates, we examine the contribution of world GDP and production costs to the long-run trend in oil prices and quantities during our sample period from 1986 to 2009. We find that changes in world GDP explain most of the growth in oil prices and quantities, but the recent rise in production costs is also responsible for higher prices after 2004.
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