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Overview
Following the assertions of Adelman (1984) on the unification of the world crude oil markets, there have been steady efforts to determine whether the markets move together. To investigate this issue, various analytical methods such as switching regressions, cointegration and error correction models, and causality analysis have been employed (Kim and Heo, 2007, Kim et al., 2007). From among these methods, cointegration analysis has served as the most principally used analytical tool. According to the arguments of Gülen (1997, 1999), if prices of crude oil of similar quality across different regions do not move together, that is, if their prices are not cointegrated, it implies that the crude oil market is regionalized.

Conventional cointegration analysis is performed under the assumption that a long-run equilibrium has one symmetric adjustment. However, as Balke and Fomby (1997) have pointed out, movement toward a long-run equilibrium need not occur in every sample period. In addition, the presence of transaction costs undermines the efficiency of the world crude oil markets. This results in an asymmetric adjustment to their long-run equilibrium.

Therefore, to analyze whether asymmetric adjustment occurs and to test the hypothesis that the world crude oil markets really move together, we used both conventional and threshold cointegration approaches. The cointegration analysis method of Johansen (1991) was employed to test linear cointegration, while the test model of Caner and Hansen (2001) was applied to analyze threshold cointegration. Weekly Dubai, Brent, WTI, and Tapis crude oil prices were used over the period January 2002–December 2007.
Methods
Based on the argument of Balke and Fomby (1997), we followed the model of Caner and Hansen (2001) to estimate threshold cointegration.  
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Equation (1) represents the equilibrium relationship between oil prices where 
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 denotes the deviation from equilibrium. Equation (2) represents the threshold autoregressive model of lag 1 to test cointegration where 
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Results
First, we conducted a unit root test to verify whether the time series are stationary. Following the results, we observed that at the 1% significance level, all four crude oil prices represent non-stationary I(1) series. Next, a linear cointegration analysis was performed.

As mentioned above, the method of Johansen (1991) was applied and the Akaike information criterion was used to determine the optimal lag. Based on the results of the linear cointegration analysis, we ascertained three cointegration relationships among Brent, WTI, and Tapis prices at the 1% significance level. However, apart from this, we could not find any statistically significant long-run equilibrium between Dubai and the other prices. Subsequently, we arrived at the erroneous conclusion that Dubai market is regionalized. Therefore it was necessary to verify whether asymmetric adjustments exist between oil prices including Dubai prices. 
 Table 1. Cointegration test results

	Variables
	Eigen valuea
	Log-Likelihood
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 p-Value

	Dubai and Brent
	0.048 (0.105)
	791
	0.015
	0.001

	Dubai and WTI
	0.027 (0.564)
	738
	0.163
	0.011

	Dubai and Tapis
	0.046 (0.122)
	909
	0.005
	0.000

	Brent and WTI
	0.078 (0.005)
	785
	0.020
	0.016

	Brent and Tapis
	0.135 (0.000)
	800
	0.856
	0.001

	WTI and Tapis
	0.073 (0.009)
	766
	0.926
	0.004


a) Eigen value of the null hypothesis that the cointegration rank is zero following the method of Johansen (1991).
b) P-values are in the parenthesis.
Following to the arguments of Caner and Hansen (2001), Wald test statistic 
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 revealed the existence of the threshold; that is, the null hypothesis of linear cointegration was rejected. Based on table 1, we could indentify three long-run relationships between oil prices in the results of the threshold cointegration. The presence of a unit root also could be indentified by the threshold unit root test statistic 
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. The results of the unit root test revealed the rejection of the unit root hypothesis on all six relationships; that is, all six relationships were co-integrated.

Conclusions

By considering that asymmetric price adjustments occur on the path to a long-run equilibrium, the regionalization of the world crude oil markets was analyzed. We found the long-run relationships between world crude oil markets to be different on applying the proposed non-linear model against the conventional linear cointegation model. The results revealed the threshold variable to be statistically significant in three relationships. Therefore, on these three relationships, it was inferred that the proposed non-linear cointegration model had better power to explain the movements of oil prices than the linear model had. In conclusion, we claim that while analyzing the regionalization of world crude oil markets using cointegration analysis, asymmetric movements of oil prices must be considered.
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