
British Journal of Economics, Finance and Management Sciences 44 October 2018, Vol. 16 (1)   © 2018 British Journals ISSN 2048-125X   Is This the End of Efficient Oil Markets? New Evidence  Naser I. Abumustafa  Director of Programs & Professor of Finance Qatar Finance and Business Academy/Northumbria University  Abstract In this article, we evaluate the weak-form efficient market hypothesis of crude oil futures markets by testing the random walk behavior of prices. Using daily West Texas Intermediate and Brent data from January 1986 to February 2016, we use the augmented Dickey-Fuller (ADF) test, the Phillips-Perron (PP) test and the Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) test to evaluate the weak-form efficient market hypothesis. The results indicate that West Texas Intermediate and Brent prices are not efficient in the long-term. We also find that Brent prices are more efficient than West Texas Intermediate prices in the short-term. We find that the oil markets’ volatility is relatively high; we expect another surge of volatility in oil prices to develop between 2018 and 2020.  Keywords: Crude oil prices, Market efficiency, Augmented Dickey-Fuller (ADF) test, Phillips-Perron (PP) test, KPSS test. Introduction The efficient market hypothesis (EMH) states that at any given time and in a liquid market, security prices fully reflect all available information and assumes that all information reaches investors at the same time and speed.  According to the EMH, efficiency can be categorized into three forms: the weak form, which assumes that the rates of return should be independent; the semi-strong form, which assumes that securities adjust quickly to new information; and the strong form, which assumes that security prices reflect all public and private information. In an efficient market, investors cannot obtain returns greater than the average market return.  The EMH has been frequently investigated, but many articles (Fama, 1965; Samuelson, 1965; Fama, 1991; Rissanen, 1983; Chen and Tan, 1999; Ziv, 2001) report conflicting results. Despite all of the articles about the EMH, there is no single accepted opinion regarding pricing anomalies. Serletis (1992) rejected the random walk behavior of prices using the unit root test (Serletis and Rosenberg, 2007). Elder and Serletis (2008) showed evidence of mean-reversion behaviors in oil prices.  Maslyuk and Smyth (2008) showed that oil prices follow a random walk pattern using a unit root test that allowed for structural breaks. Charles and Darné (2009) showed that the Brent market is weak-form efficient but the West Texas Intermediate (WTI) market is not efficient. Gebre-Mariam (2011) showed that the US natural gas market is efficient only for contracts with approximately one month to maturity. Ortiz-Cruz et al. (2012)  utilized entropy approaches to daily WTI prices and showed that the WTI market is efficient, except for two periods of inefficiency during the early 1990s and late 2000s. Cunado et al. (2010) and Wang and Wu (2013) showed that oil futures prices are not long-range dependent.  Prior to the establishment of the Organization of Petroleum Exporting Countries (OPEC), US and British oil companies provided the world with increasing quantities of cheap oil. In 1960, the governments of the major oil-exporting countries (Iran, Iraq, Kuwait, Saudi Arabia, and Venezuela) formed OPEC. The 



British Journal of Economics, Finance and Management Sciences 45 October 2018, Vol. 16 (1)   © 2018 British Journals ISSN 2048-125X   OPEC countries succeeded in stabilizing oil prices between $2.50 and $3 per barrel until the early 1970s. The OPEC member countries agreed on a quota system to help coordinate their production policies. The era of cheap oil came to an end in 1973 as a result of the Arab-Israeli War. The Iranian revolution in 1979 – which led to a reduction in Iran’s output, the outbreak of war between Iran and Iraq in 1980, and aggravated the situation in the world oil market – caused oil prices to increase to $35 per barrel. The high oil prices contributed to a worldwide recession.  By 1986, there were significant increases in oil supplies from non-OPEC countries; Saudi Arabia had increased production from 2 million barrels per day to 5 million barrels per day. By 1989, the Soviet Union increased its production to 11.42 million barrels per day. In 1990, the invasion of Kuwait by Iraq, which led to the Gulf War, caused prices to rise, but the increasing world oil supply caused oil prices to fall again, and prices maintained a steady decline until 1994. The lower oil prices lead to improvements in the American and Asian economies, thus boosting oil demand, and prices rose again.  The 1997 financial crisis in Asia caused economies in the region to grind to a halt. Oil demand fell, and the surplus oil production pushed down oil prices. Oil prices decreased to approximately $10 per barrel in late 1998. In 1999, there was a sudden increase in demand, which, along with production cutbacks by OPEC, raised oil prices to about $30 per barrel in 2000, but they fell once again in 2001. Since March 2002, oil prices have been on an upward trend and have climbed to record levels, reflecting developments related to the war in Iraq and increasing speculative trading in oil futures on futures exchanges. On July 11, 2008, the price of Brent crude oil was $143.68 per barrel. After July 14, 2008, oil prices gradually fell, possibly reflecting the worldwide economic recession. On January 2, 2009, the price of Brent crude oil was $42.68 per barrel. Between 2009 and 2013, the price fluctuated around $70 per barrel, and by the beginning of the 2014, we witnessed a collapse in oil prices; by February 2016, the price of oil had dropped to $28 per barrel.   Data and Methodology In this paper, we employed daily WTI and Brent crude oil futures market data from January 1986 to February 2016. The methodology for testing the weak-form EMH of crude oil futures markets is unit root tests; in particular, the augmented Dickey-Fuller (ADF) (1979), Phillips-Perron (PP) (1998), and Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) tests are used.   The ADF and PP unit root tests are used to test the null hypothesis of non-stationary crude oil prices against the alternative of stationarity. The KPSS test is used to test the null hypothesis of stationary crude oil prices against the alternative of non-stationarity.      The ADF test is estimated by                                                                    (1) where  is the number of lags in the ADF test required to determine that the errors are white noise; a maximum number of 12 lags is used. If the coefficient of interest  is less than zero, then the real exchange rate is stationary. The PP test is estimated by                                                                      (2) The KPSS (Kwiatkowski, Phillips, Schmidt, and Shin 1992) test is used to test the null hypothesis of stationarity. The KPSS test is estimated by                                                                 (3) 



British Journal of Economics, Finance and Management Sciences 46 October 2018, Vol. 16 (1)   © 2018 British Journals ISSN 2048-125X   In the above, is a stationary process and  is the random walk given by , where  is assumed to be identically and independently distributed with zero mean and constant variance and the initial value  is fixed and serves as the intercept. The null hypothesis of trend stationarity is tested by estimating equation (3) as follows. Let  for  be the residuals from regressing the series  on an intercept and trend, let  be the partial sum of the residuals, and let  be the estimate of the error variance from regression (3), defined as the sum of squared errors divided by , i.e., . The KPSS test  can then be written as .                                                                                       (4) The null hypothesis of trend stationarity is accepted if the KPSS test value is less than its critical value. To test the null hypothesis of non-stationary, crude oil prices are calculated as defined in equation (1) and (2) using a constant and a time trend.   The null hypothesis of stationary crude oil prices is tested using the KPSS test by estimating equation (3) and then calculating the test statistic in equation (4) to determine whether the crude oil price series are stationary.  Figure 1       



British Journal of Economics, Finance and Management Sciences 47 October 2018, Vol. 16 (1)   © 2018 British Journals ISSN 2048-125X    Table 1: Descriptive statistics of crude oil futures returns                                   West Texas Intermediate           Brent Mean (%)                   0.071                                         0.071                 Std. Dev.                    0.034                                         0.029  Maximum                  0.165                                         0.143  Minimum                  −0.538                                        −0.472 Skewness                  −0.657                                        −0.564 Kurtosis                     22.97                                         19.79 ADF                          −56.85*                                     −67.83* PP                               −65.84*                                    −73.72* ARCH(10)                   32.71*                                     19.12*  
Note:  ADF, PP and KPSS denote the statistics of the augmented Dickey and Fuller (1979), Phillips and 
Perron (1988), and Kwiatkowski, Phillips, Schmidt, and Shin tests, respectively. ARCH(10) is the F-
statistic of ARCH effects to the 10th order. * denotes rejections at the 1% significance level.   Table 1 shows the unit root test results. The ADF and PP unit root tests reject the null hypothesis of unit root at the 1% significance level, which implies that the return series are stationary.  The ARCH test reject the null hypothesis of no ARCH effects up to the 10th order at the 1% significance level, which implies volatility clustering. Volatility in prices exists; the large standard deviations of 0.034 and 0.029 for WTI and Brent, respectively, are evidence of that. The negative skewness values of -0.657 and -0.564 for WTI and Brent, respectively, are evidence of the substantial probability of large negative returns. The large kurtosis values of 22.97 and 19.79 for WTI and Brent, respectively, are evidence that the distributions have fatter tails than normal distributions and therefore the returns are volatile.    Conclusion   Unlike most previous studies, our analysis shows that the WTI and Brent crude oil futures markets are not efficient in the long- or short-term. We also find that Brent prices are more efficient than WTI prices in the short-term. We find that the volatility of the oil markets is relatively high. This is because during 2014, the US went through a renaissance of oil production and related infrastructure projects. Moreover, oil markets will always be driven by supply fundamentals, and the level of demand will always be inelastic.  References  * Charles and Darné (2009). The efficiency of the crude oil markets: evidence from variance ratio tests. Energy Policy, 37, 4267–4272. * Chen, S.-H. And Tan, C.-W. (1999). Estimating the complexity function of financial time series: an estimation based on predictive stochastic complexity. Proc. of the 5th Int. Conference of the Society for Computational Economics, Boston, June 24–26. * Cunado, J., Gil-Alana, L. A., & De Gracia, F. P. (2010). Persistence in some energy futures markets. The Journal of Futures Markets, 30, 490–507. 



British Journal of Economics, Finance and Management Sciences 48 October 2018, Vol. 16 (1)   © 2018 British Journals ISSN 2048-125X   * Dickey, D. A., & Fuller, W. A. (1979). Distribution of the estimators for autoregressive time series with a unit root. Journal of the American Statistical Society, 75, 427–431. * Elder, J., & Serletis, A. (2008). Long memory in energy futures prices. Review of Financial Economics, 17, 146–155. * Fama F. Eugene. (1965). The Behavior of Stock-Market Prices. The Journal of Business,  38(1), 34-105. * Fama F. Eugene. (1991). Efficient capital markets: II. Journal of Finance, 46, 1575–1611. * Y.K. Gebre-Mariam. (2011). Testing for unit roots, causality, cointegration, and efficiency: the case of the northwest US natural gas market. Energy, 36, 3489–3500. 
* Kwiatkowski, D.; Phillips, P. C. B.; Schmidt, P.; Shin, Y. (1992). Testing the null hypothesis of stationarity against the alternative of a unit root. Journal of Econometrics, 54, (1–3), 159–178 * Maslyuk, S., & Smyth, R. (2008). Unit root properties of crude oil spot and futures prices. Energy Policy, 36, 2591–2600. * A. Ortiz-Cruz, E. Rodriguez, C. Ibarra-Valdez, J. Alvarez-Ramirez (2012). Efficiency of crude oil markets: evidences from informational entropy analysis, Energy Policy, 41, 365–373. * Phillips, P. C. B., & Perron, P. (1988). Testing for a unit root in time series regressions. Biometrica, 75, 335–346. * Rissanen, J. (1983). A universal data compression system. IEEE Transactions on Information Theory, 29(5), 656–664. * Serletis, A. (1992). Unit root behavior in energy futures prices. The Energy Journal, 13, 119–128. * Serletis, A., & Rosenberg, A. A. (2007). The Hurst exponent in energy futures prices. Physica A, 380, 325–332.  * Samuelson, Paul A. (1965). Rational Theory of Warrant Pricing. Industrial Management Review, 6(2), 13. * Wang, Y., & Wu, C. (2013). Efficiency of Crude Oil Futures Markets: New Evidence from Multifractal De-trending Moving Average Analysis. Computational Economics, 42 (4),  393-414 * Ziv, J. (2001). A universal prediction lemma and applications to universal data compression and prediction. IEEE Transactions on Information Theory, 47(4), 1528–1532.   


