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Overview
We investigate volatility of natural gas spot prices in UK, the Netherlands, and Belgium compared to long-term supply contract prices. Furthermore we show how the gas spot markets are correlated with the oil price and the long-term supply gas contracts. We find that when buying gas in the spot market, the buyer is exposed to considerably more price risk compared to buying by means of long-term supply contracts. We also provide empirical evidence that there has been a price shift in the relationship between the spot gas market and the contract gas market after 2003. After this point of time, shocks to the oil price create volatility in spot gas prices. Increased liquidity and maturity of the spot market coupled with higher capacity utilization in the gas infrastructure might have made the spot gas price more sensitive to shocks in the market for substitutes. An implication is that the long-term supply contracts have become even more important to gas buyers as a means for risk reduction.
The paper is organized as follows: After the introduction we provide a descriptive analysis of gas and oil prices, focusing on shifts in the mean and standard deviation of prices over time, and shift in price relationships. In Section 3 the econometric methodology is presented. We report the empirical results in Section 4, and Section 5 concludes.
Methods
We want to empirically investigate whether there has been a structural shift in the mean and volatility of spot and contract gas prices. A natural way to do this is through a GARCH model. The concept of conditional heteroskedasticity was introduced by Engle (1982), who proposed a model in which the conditional variance of a time series is a function of past shocks; the autoregressive conditional heteroskedastic (ARCH) model.  Bollerslev (1986) extended the ARCH model and allowed for a more flexible lag structure.
In the current setting, where we investigate several energy prices simultaneously, it could be relevant to model conditional variance in a system. If the volatility of one price series affects another, assuming exogeneity of one of the prices would not be correct. Various parameterizations of multivariate GARCH models have been proposed in the literature. The most popular include the VECH model introduced by Bollerslev el al. (1988), the BEKK model (Engle and Kroner, 1995), and the Dynamic Conditional Correlation model (DCC) (Engle 2002). We adopt the model introduced by Engle and Kroner (1995). The BEKK functional form ensures that the conditional covariance matrix is positive definite so that conditional variances are always non-negative, and also give more detailed output that allows us to show how shocks to either series, and level of conditional variance, will affect the other. The DCC model does not allow such a detailed investigation.
Results
Our data sample goes from 1996-2006. To investigate whether there has been a shift in the relationship between the long term supply contract price and the spot gas market price, we regressed the long term gas contract price on the NBP price (National Balancing Point in the UK) with intercept dummies. We find that there is evidence of a structural shift in the relationship between the two prices in 2003. The shift might be caused by the increased price risk in the UK spot market. The test was conducted with a heteroskedasticity and autocorrelation consistent covariance matrix.
Our further econometric analysis is based on daily Brent and NBP prices. The Brent price is available at higher frequency compared to the Continental gas contracts, and by construction, these are highly related to the oil products. Therefore, Brent is used to represent the dynamics of this oil linked product. The price series from Zebrugge and Belgium are so short that they do not contain enough observations before the potential shift in volatility. NBP is used to represent the spot gas market dynamics because of the high correlation between the different regional hubs.

Our econometric results indicate that in the second subsample (2003-2006) shocks to the oil price create volatility in the gas price. Before 2003, this was not the case. Shocks in either market did not create volatility transmissions in the other market. A possible explanation is that when the gas market infrastructure has had little available capacity the recent years, the gas price is more sensitive to shocks also in the market for substitutes. The increased liquidity and maturity of the spot market might have contributed to this result. When the spot markets are no longer used mainly for balancing purposes of the long term contracts, a richer set of short- and long term expectations might be incorporated in the current gas price and hence influence might come from more sources of risk. 
Conclusions

The more liquid gas spot markets in Europe have high price volatility. In the period investigated (1996-2006) the continental gas contracts sell at a premium compared to spot gas sales, and have lower volatility. The premium can be explained by arbitrage opportunities provided by swing facilities in the take-or-pay contracts and payment for risk reduction. The low volatility confirms the take-or-pay contract as a means for risk reduction. We observe that the more liquid the spot gas market, the more independently it is priced from Brent blend. Seasonal variations at NBP result in spot gas becoming more expensive than contract gas in the winter. Although NBP has been cheaper than the Continental gas contract on average, NBP also has a higher probability of high gas prices over long time intervals because of extreme seasonal variations and volatility. We also provide empirical evidence that there has been a price shift in the relationship between the spot gas market and the contract gas market after 2003. After this point of time, shocks to the oil price have started to create volatility in spot gas prices. A possible explanation is that when the gas market infrastructure has had little available capacity in recent years, the gas price is more sensitive to shocks also in the market for substitutes. The increased liquidity and maturity of the spot market might have contributed to this result. When the spot markets are no longer used mainly for balancing purposes of the long term contracts, a richer set of short- and long term expectations might be incorporated in the current gas price and hence influence might also come from other sources of risk. 

As there has been a shift in the relationship between spot and contract gas prices, we might see a restructuring of the old oil linked contracts: more contracts may be linked to spot gas prices, or customers may have to pay a higher premium for the increased risk reduction. Whereas the former is affirmed by anecdotic evidence in the gas market, the latter remains to be confirmed.
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