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Abstract - This study examines changes in integration on oil market. Conintegration and Granger causality analysis 
conducted on whole period and subsections depending on the structural breakpoint endogenously determined. Results show 
that WTI, Dubai and Brent prices are cointegrated in the whole period. However, the cointegration did not exist in posterior 
the break while it does in prior the break. In terms of Granger causality, WTI, Dubai and Brent prices had mutual predictions 
before the structural change. However, there does not exists causality between WTI, Dubai, and Brent prices.  
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I. INTRODUCTION 
 
West Texas Intermediate (WTI) in the United States, 
Dubai Oil in the Middle East and Brent Oil in the 
United Kingdom are benchmark for determining the 
oil price of the international oil market and provide 
important information for understanding the price 
information and price discovery system of the 
international oil market ([3]). The discussion on the 
integration between the international crude oil 
markets is of policy importance. If the international 
oil market is one great pool, the change of the market 
conditions in one region will immediately affect the 
market in the other region([1]). If there is a gap 
between international crude oil prices, arbitrage 
trading will lead to a long-run stable relationship. In 
this case, the international oil market operates 
efficiently, so there is no need to worry about the 
volatility of international oil prices. On the other hand, 
if the international crude oil market is localized, 
suppliers in the region exert market dominance, it 
will be a burden to the Korean economy which is 
highly dependent on imports and vulnerable to oil 
price shocks ([11]). 
Empirical findings are mixed. While most research 
supports an integration of oil market ([1], [9], [7], [2]), 
some research ([11]) found that the degree of 
integration may be different and weak over 
periods.Oil markets is integrated, but the degree of 
integration may be different.  
One of the reasons is that standard cointegration 
analysis ([3], [8]) and Grangercausality analysis ([5] 
are not suitable for representing possible changes in 
oil markets. This study examines the integration of 
Brent, Dubai and WTI prices using Gregory & 
Hansen cointegration analysis considering a possible 
changes in an oil market ([6]). VAR (vector 
autoregressive) or VECM (vector error correction 
model) is applied to analyze the possibility of 
changes in the integration between the markets in the  
whole period and partial periods before and after the 
breakpoint. This study has a distinctive feature which 
considers a possible change in the oil market. The 

analysis will improve the forecasting power of oil 
market and other energy markets including the 
electric power market and the carbon emission 
market as well as the international crude oil market 
analysis. 

 
II. RESEARCH METHODS 
 
Oil is a real commodity traded in the world and 
linked with economic realities. Prices contain all 
information in the market, so random walk in oil 
prices is a general. Crude oil prices with similar 
qualities excluding transaction costs have a common 
trend according to the law of one price. In addition, 
the long-run stable relation supports the integration of 
oil markets([1]), otherwise supports the localization 
hypothesis.  
 
The long-run stable relation between WTI, Brent, 
Dubai oil prices is expressed as follows. 
푦 = 훼 + 훽푥 + 휀                       (1) 

If individual time series are nonstationary but their 
linear relation is stationary, it is cointegrated. 
Standard cointengration methods are usually used for 
analyzing the long-run stable relation([3], [8]). 
However, these traditional methods do not adequately 
reflect reflecting structural changes. Considering this 
problem this study employs the Gregory-Hansen 
cointegration test, which reflects an unknown 
structural change. The Gregory-Hansen cointegration 
test has the following four models: (2-a) model 1 
(drift change), (2-b) model 2 (drift & trend change), 
(2-c) model 3 (drift & regime change), and (2-d) 
model 4(drift, trend & regime change).  
푦 = 휇 + 휇 퐵푟푒푎푘 + 훼푥 + 푒 (2-a) 
푦 = 휇 + 휇 퐵푟푒푎푘 + 훽 푡 + 훽 푡퐵푟푒푎푘 + 훼푥 +
푒  (2-b)         
푦 = 휇 + 휇 퐵푟푒푎푘 + 훼푥 +훼 푥 퐵푟푒푎푘 + 푒      
(2-c)  
푦 = 휇 + 휇 퐵푟푒푎푘 +훽 푡+훽 푡퐵푟푒푎푘 +
         훼푥 +훼 푥 퐵푟푒푎푘 + 푒                   (2-d)  
 
The null hypothesis of all models is nocointegration 
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while the alternative hypothesis is the existence of 
cointegration with a break. The rejection of the null 
hypothesis means the stable long-run relation. The 
breakpoint is determined endogenously with having 
the lowest statics obtained by the unit root test which 
performs the residuals obtained after estimating the 
regression equation by continuously varying the point 
of the structural change. 
VAR (Vector Autoregressive) or VECM (Vector 
Error Correction Model) is used to find the Granger 
causality between oil prices. If there is a cointegration 
relationship, VECM is employed, otherwise VAR is 
used. The vector error correction model (VECM), 
which is the p-1 time lag when there is a 
cointegration relation, can be expressed as (Johansen 
1988). 
∆푌 = Π푌 + ∑ Γ ∆푌 + 푒             (3) 

where Δ  is difference operator, 푌 = (푙푛푤푡푖 , 
푙푛푑푢푏푎푖 , 푙푛푏푟푒푛푡 ), Γ  is parameters of short-run 
relations, Π = α훽′  is the parameter of long-run 
relations (β) and the error correction parameter (α). If 
Π=0, equation (3) becomes simple VAR.  

To determine the rank (the number of cointegration) 
a trace statistic proposed by Johansen (1988) is as 
follows. 
휆 = −푇∑ ln 1− 휆              (4) 

Where T is the number of observation, 휆  is the ith 
eigenvalue of α훽′. The null hypothesis is that there 
are no more than r ranks (the number of 
cointegratingralations) against the alternative that 
there are more than r ranks.  
 
III. EMERICAL RESULTS  
 
This study employs monthly data of international 
crude oil (WTI, Brent, and Dubai) prices from 
January 2003 to April 2017 sourced from Korea 
Petroleum Corporation (www.petronet.com).  

 (Unit: US$/barrel) 
 Mean S.D Min max 
WTI 69.78 29.06 22.7 131.3 
Brent 72.85 29.2 23.6 133.6 
Dubai 69.52 25.09 25.7 133.9 

TABLE I DATA DESCRIPTIONS 
Fig. 1 shows movements of WTI, Brent, Dubai prices. 
Individual prices seem to be random walk, but they 
have a common trend. Their relation may have 
changed since 2009 due to the international financial 
crisis and shale oil production.  

 
Fig 1Plot of Raw Data 

PP, KPSS, and Zivot& Andrews ([9], [12]) were 
conducted to determine whether variables are 
stationary. Unlike conventional unit root tests, the 
KPSS tests for the null hypothesis on the stationarity 
of the time series and robust for small samples, which 
complements conventional unit root tests. The Zivot- 
Andrews test considers a structural break determined 
endogenously by the characteristics of the data itself. 
The Zivot-Andrews test has several models which 
reflects the change in drift, trend, and drift and trend. 
The oil prices do not show any deterministic trend, so 
change in a drift was considered.  
 
The unit root test results are shown in TABLE 2. The 
PP and ZA tests rejected the null hypothesis of unit 
roots at the level of 1% for the level variable but 
failed to reject the null hypothesis for the 1st 
difference variable. The results show that oil prices 
follow I(1) process. The KPSS test rejected the null 
hypothesis of stationarity at the level of 1% for the 
level variable but failed to reject the null hypothesis 
for the difference variable. The results support that all 
variables are I(1).  
 

 PP KPSS ZA 
lndubai -2.06 (3) 0.68(3)** -4.08 
lnwti -2.27(3) 0.73(3)** -4.39 
lnbrent -2.06(2) 0.92(2)** -3.91 
Δlndubai -9.17(2)** 0.03(2) -7.16** 
Δlnwti -9.65(2)** 0.03(2) -7.46** 
Δlnbrent -9.89(1)** 0.04(1) -

10.65** 
TABLE 2 UNIT ROOT TEST 

 
Note: () is the optimal lag lengths determined by the 
AIC, and **, * indicate significance at 1% and 5%.  
 
The Gregory-Hansen cointegration test results are 
shown in TABLE 3. The null hypothesis of no 
cointegration was rejected, so we found cointegration 
between oil prices. The breakpoint was determined 
selected as around September 2010 and February 
2011. This study uses September 2010 as a 
breakpoint because VECM normalizes lnbrent as a 
dependent variable.  

 
TABLE 3 GREGORY-HANSEN  OINTEGRATION TEST 

 
Note: () is the optimal lag lengths determined by the 
AIC, and **, * indicate significance at 1% and 5%.  
 
TABLE 4 shows the Johansen test results for the 
whole period and the sub-periods based on break-
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point(September 2010). Johansen test does not clearly 
identify rank for the whole period. This results from 
the weakness of the Johansen method which does not 
reflect a structure break. The test was conducted for 
the partial period before and after the structural 
change to see if the any significant change in the 
relationship has occurred. There is 
onecointegrationrelationship before the structural 
change, but the cointegration was not found after the 
structure change. This finding stresses that any 
certain change may occur in the oil market. 

All periods 
rank trace 5% critical values 
r=0 38.97  29.68  
r=1 17.79  15.41  
r=2 4.35  3.76  
 2003.01~2010.08 2010.09~2017.04 
rank trace  trace  
r=0 42.005 21.325** 
r=1 14.3341** 9.266 
r=2 5.768 0.571 

TABLE 4 JOHANSEN COINTEGRATION TEST 
 
Note: () is the optimal lag lengths determined by the 
AIC, and **, * indicate significance at 1% and 5%.  
TABLE 5 shows Granger causality results based on 
VECM and VAR models. VECM was used for the 
pre-break with cointegration, but VAR was employed 
for the post-break without cointegration. The results 
for the subsections were different. In pre-break, all 
prices have mutual Granger causlaity between them 
while there was no Granger causality in the post-
break. One caution should be used for cointegration 
to identify casualty. If cointegration is disregarded, in 
terms of short-run causality researchers can obtain 
wrong conclusions that WTI does not Granger causes 
to Brent and Dubai.  
Pre-break 

 Short-run Long-run Strong 

Dubai ⇏ 
Brent 

   

WTI ⇏ 
Brent  

4.54 
(0.103) 

5.20 
(0.022)** 

6.00 
(0.100)* 

Brent ⇏ 
Dubai 

12.03 
(0.000)** 

5.66 
(0.017)** 

12.24 
(0.000)** 

WTI ⇏ 
Dubai 

5.61 
(0.061) 

5.66 
(0.017)** 

6.86 
(0.076)* 

Brent ⇏ 
WTI 

13.11 
(0.000)** 

14.04 
(0.000)** 

13.27 
(0.000)** 

Dubai ⇏ 
WTI  

18.76 
(0.000)** 

14.04 
(0.00)** 

20.08 
(0.001)** 

Post-break 

Dubai ⇏ 
Brent  

1.706 
(0.192) 

      

WTI ⇏ 
Brent  

0.002 
(0.963) 

      

Brent ⇏ 
Dubai 

3.282 
(0.070) 

      

WTI ⇏ 
Dubai 

0.009 
(0.922) 

      

Brent ⇏ 
WTI 

0.006 
(0.937) 

      

Dubai ⇏ 
WTI  

0.20 
7(0.963) 

      

TABLE 5 GRANGER CAUSALITY 
 
Note: **, * indicate significance at 1% and 5%.  
 
ACKNOWLEDGEMENTS 
 
This work was supported by the Ministry of 
Education of the Republic of Korea and the National 
Research Foundation of Korea (NRF-
2017S1A5B805748 
 
CONCLUSIONS 
 
This study examined a possible change in the 
integration of international oil markets. Gregory-
Hansen cointegration method was employed to 
determine a long-run stable relation as well as a 
break-point. The cointegration relationship and 
Granger causality between WTI, Dubai, and Brent 
prices were examined for the partial period before 
and after the structural change. The implications of 
the results are as follows. First, cointegration and 
causality can vary depending on the analysis period. 
There was a long-run stable relation and Granger 
causality between them prior the structural break, 
while cointegration and causality were not found in 
the posterio break. Second, short-term and long-term 
causality can be different. The analysis of the causal 
relationship without considering cointegration may 
obtain erroneous conclusions. Oil prices had 
cointegration and mutual Granger causality prior the 
structural change while there were no cointegration 
and Granger causality posterior the break. When 
discussing the integration of the international oil 
market, the analysis period seems to be important. 
International oil market is one great pool for the 
whole period. However, a certain change occurred. 
The long-run stable relation and mutual influences 
are weakening after the break. There are several 
reasons like the international financial crisis and the 
shale revolution. Whether the weakening of the 
linkage of the international crude oil market is a 
temporary phenomenon or whether it will continue is 
a matter of time.  
 
REFERENCES  
 
[1] Adelman, M. A., “International oil agreements,” The Energy 

Journal, (3), 1-9, 1984. 
[2] Bachmeier, L. J., and J. M. Griffin, 2006. “Testing for market 

integration crude oil, coal, and natural gas,” The Energy 
Journal, 27(2), 55-71, 2006.  

[3] Engle, R. F., and C. W. J. Granger, “Co-integration and error 
correction: representation, estimation, and testing,” 
Econometrica,55(2), 251-276, 1987.  

[4] Garis, D.,“The Behavior of Petroleum Markets: 



International Journal of Management and Applied Science, ISSN: 2394-7926                                 Volume-4, Issue-9, Sep.-2018 
http://iraj.in 

Research on Integration of Petroleum Market 
 

74 

Fundamentals and Psychologicals in Price Discovery and 
Formation,” International Handbook on the Economics of 
energy, 420-440, 2011. 

[5] Granger, C. W. J., “Investigating causal relations by 
econometric models and cross-spectral methods,” 
Econometrica, 37(3), 424-438, 1969. 

[6] Gregory, A. W., and B. E. Hansen, “Residual-based tests for 
cointegration in models with regime shifts,” Journal of 
Econometrics70(1), 99-126, 1996. 

[7] Gülen, S. G., 1997. “Regionalization in the world crude oil 
market,The Energy Journal, 8(2), 109-126, 1997.  

[8] Johansen, S., 1988, “Statistical analysis of cointegration 

vectors,” Journal of Economic Dynamics and Control, 12(2), 
231—254, 1988. 

[9] Phillips, P. C., and P. Perron, “Testing for a Unit Root in 
Time Series Regression,”Biometrika, 75(2), 335-346, 1988.  

[10] Ripple, R. D., and P. R. Wilamoski, “Is the world oil market 
one great pool?: Revisited,” OPEC Review, 19(4), 283-292, 
1996.  

[11] Weiner, R. J., 1991. “Is the world oil market one great 
pool?,”The Energy Journal,12(3), 95-107, 1991.  

[12] Zivot, E., and K. Andrews,, “Further evidence on the great 
crash, the oil price shock and the unit ot hypothesis,” Journal 
of Business and Economic Statistics,10(10), 251-70, 1992.   

 
 
 
 
 
 
 
 
 

 


