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Background
The natural gas market all over the world has been suffering tremendous changes for the past decades, not only because of market liberalization, but also due to industry restructuring and the strong expansion of liquefied natural gas market (LNG) which brought  the missing mechanism to achieve the integration of the regional markets, or, perhaps, the formation of a unique global market for  natural gas. Previous related literature utilizes the Cointegration approach and Kalman Filter to test the Law of One Price hypothesis within the global natural gas market. 
Aims

In this article, we use Error Correction Model (ECM), Time Varying Parameters Error Correction Model (TVP-ECM) and Copula Analysis to examine the dependence between regional markets. Once verified cointegration relashionships between the natural gas price series, we estimate an Error Correction Model as a way to model the short run relationship between the prices. For the pair which present a sign of some structural break, we apply the Kalman Filter to the Error Correction Model. This is the first paper to use a Time Varying Parameter Error Correction Model (TVP-ECM) to investigate this relation. We use monthly data of natural gas prices in United States, Europe (United Kingdom, Belgium) and Japan, from 2001 to 2008.
The paper is organised as follows: After the introduction the second section gives a brief overview about the regional market characteristics. The third section addresses the related literature. In section four we describe the model specification. In section five we detail data characteristics and Model Estimation. Section six present the results and in the final section we conclude.
Methods
It is common practice in papers that test the natural gas market integration, application of two methodologies to verify the Law of One Price: Cointegration analysis and Kalman Filter analysis. The articles utilizing the cointegration approach focus in the behavior of long run gas prices. In this way, when a long run relationship is found, we say that these prices converge. The Kalman Filter  methodology, on the other hand, is utilized in the context of this literature trying to find a relationship between the prices - if the coefficient of the state equation from the Kalman Filter is close to unity, there is some evidence that the prices have a strength relation, with a very similar dynamic.

In this paper, the econometric setting we use to deal with the relationship between the different gas prices is the Error Correction Model (ECM), Time Varying Parameters Error Correction Model (TVP-ECM) and Copula Analysis, all of them attempting to describe the short run dependence, once cointegration is stated. 
Results
We test for cointegration between all the combinations of natural gas prices (Henry Hub, NBP, Zeebrugge and “LNGJP”). Tests including more than two variables are found inconclusive whether there is or is not cointegration. Then, it is not possible to evaluate the Law of One Price to a global extent.

When making pair analysis, we find statistical evidence of cointegration between Henry Hub and NBP, Henry Hub and Zeebrugge and NBP and Zeebrugge, meaning that there exists a long run relationship amongst them. The LNGJP does not cointegrate with any of the other series. Observing the ECM estimates, it indicates that the American market is the one that influence the others. For the pair Zeebrugge-NBP the ECM estimation is not valid. Then, we make structural break tests and the pair NBP-Henry Hub is the only one that presents some sign of it. Therefore, we applied the Kalman Filter Approach to the ECM and estimate a TVP-ECM for this pair of prices. However, the estimated coefficients are statistically zero. 
Finally, we make Copula Analysis for each pair of prices in order to figure out the “dependence structure” of short run relationship between the natural gas prices. For the pairs Zeebrugge-NBP and NBP-Henry Hub we found that the short run relation could be represented by a t-Student Function, indicating that these markets move together strongly during extreme periods. On the other hand, for the pair Zeebrugge-Henry Hub the copula obtained was the Frank Copula, which has the characteristic of no dependence at the extremes of the bivariate distribution.

Conclusions

Cointegration tests show that the Japanese market does not integrate with any other, probably because the Japanese market is still highly indexed to oil prices through long term contracts, whether in the United States or the United Kingdom, Henry Hub and NBP both represent spot markets, and in Continental Europe one can already find contracts indexing natural gas prices to the spot market in UK.

Continuing the cointegration tests, the pairs Henry Hub-NBP, NBP-Zeebrugge and HH-Zeebrugge presented a long run  relationship. Then, we estimate ECM for these pair of prices. Results indicate that the American market is the one that influence the others. For the pair Zeebrugge-NBP the ECM estimation is not valid. Then, we make structural break tests and the pair NBP-Henry Hub is the only one that presents some sign of it. Therefore, estimate a TVP-ECM for this pair of prices, but find no significant coefficients. 

Finally, we make Copula Analysis for each pair of prices in order to figure out the “dependence structure” of short run relationship between the natural gas prices. For the pairs Zeebrugge-NBP and NBP-Henry Hub we found that in the short run relation these markets move together strongly during extreme periods. On the other hand, for the pair Zeebrugge-Henry Hub the copula obtained shows no dependence at the extremes of the bivariate distribution.

The application of the ECM, TVP-ECM and Copula Analysis is a valid exercise, since, as we know, there are no articles on the topic of natural gas market integration using this methodology, which certainly will help to a better comprehension of the behavior of the natural gas prices among the markets.
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