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Overview

Using daily data from 1 July 2005 to 28 February 2011, the VAR-BEKK and Volatility Impulse Response Function (VIRF) methods are employed to investigate the volatility transmission and analyze the impact of historical events on conditional volatility of crude oil future markets. The empirical findings about the volatility transmission effects among three crude oil markets indicate that the robustness of modelling volatility in one crude oil market could be improved by considering the changes in volatility in another crude oil market and the accuracy of forecasting should be improved by taking into account these transmissions effects. This paper also quantifies the size and persistence of these connections through the VIRF analysis of two historical shocks, namely the Financial Crisis 2007-2010 and the Deepwater Horizon oil spill, which indicates that the Brent crude oil market is the world reference for crude oil pricing and Dubai market has been substituting WTI market as another world benchmark for crude oil pricing. 
Methods

The BEKK of Engle and Kroner (1995) is applied to investigate the volatility transmission on the conditional variance for modelling crude oil volatility in the returns of future prices within and across the WTI, Dubai and Brent markets. Furthermore, the volatility impulse response function analysis methodology developed by Hafner and Herwartz (2006) is employed to uncover the impact of historical innovations on conditional volatility following the estimated results from previous multivariate volatility models.
Results
Some off-diagonal coefficients of reported BEKK model are statistically significant, which indicates that volatility spillovers are transmitted through the cross product of innovations and squared innovations as well. This result indicates that volatility spillovers across crude oil markets in the returns of future prices should be considered for crude oil volatility modelling. Moreover, the coefficients for the covariance term are also statistically significant. This finding implies indirect volatility transmission through the covariance term from one crude oil market to another crude oil market among all three benchmark markets. Higher levels of conditional volatility in the past are associated with higher conditional volatility in the current period.
We find that the window horizon of post the bankruptcy of Lehman Brothers can be described as a more volatile period than the window horizon of pre the bankruptcy of Lehman Brothers and the shocks that hit the returns at this window horizon are larger compared to their previous values for the year 2008, even before the bankruptcy of Lehman Brothers. The different trend of 2008 Financial Crisis around the bankruptcy of Lehman Brothers proves that only “large” shocks compared to the current level of volatility will result in an increase in expected conditional volatilities. Furthermore, another interesting finding is that even if the shocks are absorbed by crude oil markets simultaneously, the dynamics of the impact of shocks are largely specific: Dubai and Brent are more volatile and sensitive than WTI in terms of the volatility impulse response analysis on the information source of Lehman Brothers bankruptcy. It seems that the findings reflect better the global consensus on oil price benchmark of Dubai and Brent, rather than WTI which is more of a domestic US crude (and recently completely out of sync with Brent).

The volatility impulse responses to the shock of Deepwater Horizon oil spill indicate that a positive impact has been exerted into the expected conditional variance. For all three crude oil markets, the impact is instantaneous, although it tends to decline within a relatively short period and tends to gradually disappear within a longer period (five hundred days after initial shock). In this context, Dubai is the crude oil with the most responsive pass-through from the shock to the one-step-ahead expected conditional variance illustrated by 40% increase. For Brent, the expected conditional variance is significantly influenced by the spill shock. The one-step ahead conditional variance is increased by 30%, and the peak response of expected conditional variance occurs about one hundred and fifty days after the shock. For WTI, the expected conditional variance is also significantly influenced by the spill shock. However, the effect tends to decline significantly within a short period (about forty days after initial shock exerted).  We also depict the time profile of the impulse response of expected conditional variance for the shocks of the rig catching fire (April 21), the rig sinking (April 22) and the first trading day following the information of oil spill (April 26). Obviously, for all three crude oil markets, the impact is instantaneously recorded. However, two significant differences, in comparison with the previous mentioned response from the oil spill on April 23, have been observed. Firstly, the impacts are negative, which mean that expected conditional variance following the shocks tends to decrease rather than increase as described in previous case. Secondly, the size of the shocks in these cases is relatively smaller than in previous case correspondingly. The comparison indicates that the impact of shocks depend on the current level of volatility and therefore only “large” shocks compared to the current level of volatility will result in an increase in expected conditional volatilities and relative “small” shocks seem to decrease expected  conditional volatility. 

The volatility impulse response distributions for random shocks illustrate that they are all asymmetric and highly positively skewed, and concentrate on the zero following the increase of forecast time horizons. Considering the similarity among the VIRF fitted distribution on these two random dates, it seems that the change in the initial conditional volatility does not have a significant effect on the VRIF distributions. 

Conclusions

In this paper we have specified and estimated both the multivariate GARCH model and volatility impulse response functions for three marker crudes to test the hypothesis that crude oil markets have been integrated on second moment (variance).   The analysis is performed using daily closing future prices relative to crude oils from three places of production:  West Texas intermediate crude oil (WTI), Europe Brent crude oil (Brent) and Dubai Fateh crude oil (Dubai) for the last five years. By adopting a trivariate BEKK representation, we first examine crude oil markets integration on second moment, i.e. linkages through the conditional variances of the series. As a second step, we employ the VIRFs technique developed by Hafner and Herwartz (2006) to estimate the impact of historical shocks on expected conditional variances. This technique enables us to quantify the size and persistence of three historical shocks that have significant impact on crude oil markets. 
This paper quantifies the size and persistence of these connections through the VIRFs analysis of two historical shocks, namely the Financial Crisis 2007-2010 and the Deepwater Horizon oil spill, which provides useful insights on understanding the issue of crude oil markets integration. These historical shocks depict an obvious picture with large and positive impact on expected conditional variance. The results indicate that the Brent crude oil market is the world reference for crude oil pricing.  This finding also suggests that Dubai market has been substituting WTI market as another world benchmark for crude oil pricing. 
Furthermore, we simulate random shocks drawn from the estimated data generating process to fit the VIRF distributions for different forecast horizons. The VIRF distributions estimated from simulated random shocks are asymmetric and highly skewed to the right-hand side. These distributions show that the possibility of observing a large positive impact of a shock is very low while the probability of a relatively smaller positive impact is much higher. In comparison with other two crude oils, the VIRF distribution for crude oil Dubai shows that it has the highest possibility of observing a very large positive impact. However, as the time horizon increases the VIRF become more and more centred around zero, indicating the gradual fade of the impact of the shock.
We also simulate the VIRF for a given possibility of a random shock. The VRIF shows us at least three results. Firstly, only “large” shock, which is derived from the smaller possibility of occurrence, will result in an increase in expected conditional volatilities. Secondly, the possibility of p=0.3 is the critical transition point for the impact of the shocks since the impact of a given shock will be reversed to be negative following the increase of the possibility of the shock over the critical transition point. Thirdly, the size and the dynamics of the impact of a given shock are largely market specific as the crude oil Dubai is the most sensitive and information-efficient, which is reflected by the relatively large response from the given shock in comparison with other two markets. 
A number of shortcomings and research opportunities could be followed to improve this study. Our empirical results may be sensitive to the data frequency. Thus, it would be interesting to consider other data frequencies, for example, high frequency data (tick-by-tick) and weekly data, which will provide an opportunity to examine the robustness of this study to data frequency. This study could be extended into describing the impact of shocks on conditional covariances and then correlations, which will be of practical importance to financial practitioners in making optimal portfolio allocation decisions. Furthermore, the VIRF methodology could be extended into two ways: to incorporate into long-memory and asymmetric effects in conditional volatility, which is not captured by the standard BEKK model, and to analyze the impacts of shocks on third and higher moments of a distribution, which has been pioneered by Jondeau and Rockinger (2006).  Both these extensions will be the object of our future work. 

References

Adelman, M.A., 1992. Is the world oil market ‘one great pool’? – Comment. Energy Journal 13(1), 157-158.

Bachmeier, L.J., Griffin, J.M., 2006. Testing for market integration crude, oil, coal, and natural gas. Energy Journal 27 (2), 55–71.

Beaudry, P., Koop, G., 1993, Do recessions permanently affect output? Journal of Monetary Economics 31, 149-163.

Bentzen, J., 2007. Does OPEC influence crude oil prices? Testing for co-movements and causality between regional crude oil prices. Applied Economics 39, 1375–1385.

Blanchard. O., Quah, D., 1989. The dynamic effect of aggregate demand and supply disturbances.  American Economic Review 79, 655-673.

Chang, C.L., McAleer, M., Tansuchat, R., 2009. Modeling conditional correlations for risk diversification in crude oil markets. Journal of Energy Markets 2, 29-51. 

Dickey, D.A., Fuller, W.A., 1979. Distribution of the estimators for autoregressive time series with a unit root. Journal of the American Statistical Association 74, 427-731.

Doan, T., Littermanr, R., Sims, C., 1984. Forecasting and conditional projection using realistic prior distributions.  Econometric Reviews 3, 1-100.
Ewing, B.T., Harter, C.L., 2000. Co-movements of Alaskan North Slope and UK Brent crude oil prices. Applied Economic Letters 7, 553-558.

Engle, R. F., Granger C.W.J., 1987. Co-integration and error correction: Representation, estimation and testing. Econometrica 55: 251-76.

Engle, R.F., Kroner, F.K., 1995. Multivariate simultaneous generalized ARCH. Econometric Theory 11, 122-150.

Ewing, B., Malik, F., Ozfiden, O., 2002. Volatility transmission in the oil and natural gas markets. Energy Economics 24, 525-538.

Gallant, A.R., Rossi, P.E., Tauchen, G., 1993. Nonlinear dynamic structures. Econometrica 61, 871-907.

Gulen, S.G., 1999. Regionalization in the world crude oil market: further evidence. Energy Journal 20(1), 125-139.

Hafner, C.M., Herwartz, H., 2006. Volatility impulse responses for multivariate GARCH models: an exchange rate illustration. Journal of International Money and Finance 25, 719-740.

Jarque, C.M., Bera, A.K., 1980. Efficient tests for normality, homoscedasticity and serial independence of regression residuals. Economics Letters 6 (3), 255–259.

Jondeau, E., Rockinger, M., 2009. The impact of shocks on higher moments. Journal of Financial Econometrics 7(2), 77-105.

Kendall, M., Stuart, A., Ord, J.K., 1987. Kendall’s Advanced Theory of Statistics, fifth ed. Charles Griffin and Co., London.
Koop, G.M., Pesaran, H.M., Potter, S.M., 1996. Impulse response analysis in nonlinear multivariate models. Journal of Econometrics 74, 119-147.

Kwiatkowski, D., Phillips, P.C.B., Schmidt, P., and Shin, Y., 1992. Testing the null hypothesis of stationarity against the alternative of a unit root: How sure are we that economic time series have a unit root? Journal of Econometrics 54, 159-178.

Lancaster, H.O., 1954. Traces and cumulants of quadratic forms in normal variables. Journal of the Royal Statistical Society, Series B 16, 247-254.

Lee, K., Pesaran, M.H., 1993. Persistence profiles and business cycle fluctuations in a disaggregated model of UK output growth. Richerche Economiche 47, 293-322.

Lin, S., Tamvakis, M., 2001. Spillover effects in energy futures markets. Energy Economics 23, 43-56.

Lin, W.L., 1997. Impulse response function for conditional volatility in GARCH models. Journal of Business and Economic Statistics 15, 15-25.

Meade, N., 2010. Oil prices – Brownian motion or mean reversion? A study using a one year ahead density forecast criterion. Energy Economics.

Panopoulou, E., Pantelidis, T., 2009. Integration at a cost: evidence from volatility impulse response functions. Applied Financial Economics, 19(11), 917-933.

Petroleum Economist, 2010. Deepwater Horizon: BP’S Macondo well capped at last. [Online] Available at: http://www.petroleum-economist.com/default.asp?Page=14&PUB=279&SID=726449&ISS=25655 [Accessed 14 March 2011].

Pesaran, M.H., Pierse, R., Lee, K., 1993. Persistence, cointegration and aggregation: A disaggregated analysis of output fluctuations in the US Economy. Journal of Econometrics 56, 57-88.

Pesaran, M.H., S. Potter, 1994. A floor and ceiling model of U.S. output, Department of Applied Economics discussion paper no. 9407 (Cambridge University, Cambridge).

Phillips, P.C.B., Perron, P., 1988. Testing for a unit root in time series regressions. Biometrika 75, 335-346.

Potter, S., 1995, A nonlinear approach to US GNP, Journal of Applied Econometrics 10, 109-125.

Reuters, 2010. Timeline-Gulf of Mexico oil spill. [Online] Available at: http://www.reuters.com/article/2010/06/03/oil-spill-events-idUSN0322326220100603. [Accessed 14 March 2011].

Schwarz, T.V., Szakmary, A.C., 1994. Price discovery in petroleum markets: arbitrage, cointegration, and the time interval of analysis. Journal of Futures Mark 14 (2), 147–167.

Silvapulle, P., Moosa, I.A., 1999. The relationship between spot and futures prices: Evidence from the crude oil market. Journal of Futures Markets 19, 157-193.

Sims, C., 1980. Macroeconomics and reality. Econometrica 48, 1-48. 

Weiner, R.J., 1991. Is the world oil market ‘one great pool’? Energy Journal 12 (3), 95–107.


































