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Overview
This study examines the dynamic relationship between spot and futures prices in the markets for crude oil, gasoil and gasoline in the USA over the period April 1999 to December 2010. We develop a statistical model, based on the predictions of the absence of arbitrage pricing theory, of the relationship between futures and spot price for the three markets.

The model incorporates both the existence of an equilibrium relationship between the spot and futures prices whilst allowing for a changing association between them depending upon the ‘volatility regime’ prevailing. This flexible approach accounts endogenously for the possibility of structural breaks of the dynamic model parameters whilst maintaining equilibrium.

Using MS-VECM we estimate the probability of the market operating under each regime, standard and crisis. We proceeded by examining whether the volume of transactions can act as predictor of the probability of regime changing and established that the role of non-commercial traders in the financial markets precipitates some excess price volatility and adds to market instability.

Methods
The econometric analysis covers the relationship between the spot price and the future price of WTI and oil products (gas oil and gasoline). As transaction volumes have risen in particular for the shortest terms, we have focused on the relationship between the spot price (spott) and the price for two-month forward contracts (p2t) for the three markets. The data cover the period from april 1999 to December 2010 with weekly figures.
As an initial stage, we carried out unit root tests on each of the series studied. However, the period covered by the analysis was marked by contrasting price movements, which may show up as possible breaks. This led us to implement the testing procedure suggested by Perron (1997), which grew out of the work of Perron and Vogelsang (1992a,b) as well as that of Zivot and Andrews (1992). In these tests, the null hypothesis is that the temporal series is characterised by the presence of a unit root and a constant, which may be null, with the presence of a break. Subsequently, we tested for the existence of a long-term equilibrium (a cointegration relationship) between the future price and the spot price. As with the tests for unit root, we tested for the presence of a potential break during the period under study with a Gregory and Hansen test (1996a,b). Furthermore, we tested for changing variability of the error term (an autoregressive conditional heteroscedasticity - ARCH test) in the estimated relationship for the WTI market as well as for the gasoline market.
Estimating the short-term dynamic between the two prices is more difficult, and manifests several changes that are shown up by the structural break tests. Nevertheless, econometric estimation over several sub-periods shows similar empirical results for non-adjacent sub-periods. Thus we tried to build a short-term model allowing for two distinct states. To do so, we estimated a Markov chain model allowing for changes in the short run dynamic.
Finally, we simulate the interaction between the three markets through the lagged residual effect of the long term equilibrium between the crude oil price and the product prices.

Results
The two series spot and p2 (future price for term 2 months) are I(1) for both crude oil and gasoline markets, as is pointed out by the unit root tests (Augmented Dickey-Fuller, Phillips-Perron, and Kwiatkowski-Phillips-Schmidt-Shin).However, the unit root test with structural breaks reveals such breaks for respectively May and July 2008 when prices reach their maximum values. Nevertheless, we performed a test of cointegration with a structural break on the long term relationship between the prices including a constant. This led us to envisage a possible break, for both the constant and the variable at the same time, at the end of 2004. Finally, we decided to keep the equilibrium between the spot price and the forward price over the whole sample, considering that the short-term dynamic should change over different sub-periods for both crude oil and gasoline markets.

Furthermore, we estimate the long term equilibrium between the crude oil price and the gasoline price through a cointegration analysis.

Because, there are several change in the short term dynamic of the crude oil price, we estimate a Markov Switching Vectorial Error Correction Model according to the long term equilibrium between spot and future prices. From the unit root test with structural break, we decide to introduce a dummy variable (du04) to improve the parameters estimation (du04t=0 until Dec 7-2004 and du04t=1 after). Two different states are clearly identified through the MS-VECM estimation. The first state can be observed over the greater part of the sample, while the second state corresponds to specific events: September 11, 2001, the start of the Iraq conflict in 2003, the winter peak observed in 2006, and movements observed during spring and early summer 2008. Considering the observations for which p* is greater than 0.9, this state represents 6% of the observations from the period under study (and 9.7% for p*>0.5). The probability to move from state 1 to state 2 is low (0.03), whilst there is more important probability (0.22) to come back from state 2 to state 1. In the second state, the lagged residual of the long term equilibrium has an important impact on the short term dynamic of prices (-0.588) and the variances of the residuals are largest for both spot and future price variations than they are in the first state. Thus , this second state can therefore be regarded as a crisis state. Finally, we estimate the probability of this crisis regime with a probit model in which the non commercial transaction volumes and the open interest are explanatory variables.
Finally, we simulate the impact of the crude oil market fluctuation on the products market (gas oil and gasoline) through the lagged cointegration residual coefficient in the short term gasoline price dynamics ( around -0.2 for the gasoline short term equation and around -0.85 for the gas oil short term equation): this allows to understand the transmission of price volatility between the markets.
Conclusions

Recent events in the crude oil markets, such as the sharp rise in prices between January and July 2008, have left many analysts and researchers puzzled by the underlying explanations for determination of prices. The analysis carried out of the crude oil market through our work on spot and forward prices for West Texas Intermediate (WTI) leads us to the following conclusions :

· There is an increasing volatility of WTI prices since the beginning of the 2000s. This development should be linked to that observed in the major commodities markets that is, a marked rise in transaction volumes dealing with futures contracts, in particular on the shortest maturities (2 to 4 months), and more especially since 2004.

· From the cointegration test, we could not reject the hypothesis of a long term equilibrium between spot and future prices. Nevertheless, two distinct states (so-called "standard" and "crisis" states) should be distinguished for the short term dynamic. Subsequently, we cannot reject the hypothesis that variations in the positions of non-commercial players in the financial markets for crude oil may affect the probability that the standard state will prevail.

· The behaviour of non-commercial players may thus play a destabilising role in petroleum markets. Additionally, our probit model shows clearly the importance of changes in the amount of open interest in the switch between states.
· From the long term relationship between crude oil price and product prices, the short term dynamic of gas oil and gasoline prices are affected by the oil market volatility.
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