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Texas Intermediate and Brent, for June 1987-July 2021. We use the periodogram-based
methodology. Our finding suggests a global long-run relationship between two major
crude oil prices for the 1987:06-2010:08 period until the Deepwater Horizon oil spill took
place at the Macondo Field, located in the Gulf of Mexico. After this accident, the
relationship breaks down. We also find statistically significant closely 12-month common
periodicities in both series for the pre-oil spill accident. We conclude that the
cointegrating relationship between the two oil prices maintained up to 2010:03. This

Unit root tests. finding provides a practical implication that these two crude oil prices cannot be used for

hedging purposes after this date.
JEL Classification:
C13; C41; Q41.

Contribution/ Originality: This is the first study to examine the cointegration relationship between WTI and
Brent using periodogram-based analyses. We also estimate common periodicities in both series when the presence

of a cointegration relationship cannot be rejected.

1. INTRODUCTION

Under the assumption of the globalization of the oil market (Weiner, 1991) although the West Texas
Intermediate (WTT) and Brent crude oil prices are globally benchmarked for spot and future crude oil markets, these
two prices generally move together. It is worth noting that although the prices of WTT and Brent are quite close to
each other in some periods, the spread between these two price series has increased remarkably, especially in the last
decade.

The relationship between these prices is important to examine because of potential risks and arbitrage
opportunities for crude oil traders and other oil market participants. Giilen (1998); Gulen (1999) and Fattouh (2011)
explain the reasons for the (future) price spread between WTT and Brent by the differences in storage and logistic
conditions and changes in macroeconomic conditions.! These findings present the standpoint which price spread
between same quality crude oils moves closely together over time (stationary time process). However, some studies

give evidence on the date(s) of structural break(s) at the price spread of WTT and Brent for the period after 2010 (non-

! Also, Ghoshray and Trifonova (2014) remark that the (future) price difference between WTI and Brent is not sourced from their quality differences.

35
© 2023 AESS Publications. All Rights Reserved.


https://orcid.org/0000-0003-0188-0970
https://orcid.org/0000-0002-4712-3193
https://orcid.org/0000-0003-2276-4741
mailto:yilmaz.akdi@ankara.edu.tr
mailto:serdarvarlik@hitit.edu.tr
mailto:berument@bilkent.edu.tr
https://www.doi.org/10.55493/5049.v10i1.4715
http://www.aessweb.com/

Energy Economics Letters, 2023, 10(1): 35-43

stationary process). Chen, Huang, and Yi(2015) find one structural break in December 2010 and similarly, Scheitrum,
Carter, and Revoredo-Giha (2018) detect one structural break which took place in January 2011. Buyuksahin, Lee,
Moser, and Robe (2018) report that two structural breaks occur in the fall of 2008 and December 2010. Caporin,
Fontini, and Talebbeydokhti (2019) provide evidence that there are two structural breaks in February 2011 and the
second in October 2014. Ye and Karali (2016) claim that the first structural break took place in February 2005, the
second in December 2010 and the third in April 2013.

The dates of structural breaks at the price spread of WTTI and Brent correspond to important events that affect
the crude oil market globally. The empirical evidence from Zhang, Yu, Wang, and Lai (2009); Charles and Darné
(2014); Basistha and Kurov (2015) and Luong, Mizrach, and Otsubo (2019) reveal that changes in energy policies,
unanticipated events in crude oil production process causing environmental disasters and geo-political and economic
events significantly impact the price spread between WTT and Brent.

On the other hand, the structural breaks in crude oil markets mentioned above have increased the importance of
examining the causality and cointegration relationship between the prices of WTI and Brent. Considering the
structural breaks, the findings of these studies confirm that the causality and cointegration relationship between these
series may have been affected by changing the relationship between WTT and Brent prices.

The structural breaks in the crude oil market also change the cointegration relationship between the prices of
WTTI and Brent. Sauer (1994) provides evidence that cointegration relations adjust with a time lag by using
cointegration tests. Coronado, Fullerton, and Rojas (2017) show that WTT and Brent have co-movement by adopting
a one-tailed non-parametric Granger causality test. Their findings reveal bi-directional feedback between WTT and
Brent from 2013 to 2015. Also, the price spread between WTI and Brent is not stable over time, and it has
significantly increased since the global financial crisis (GFC). Similarly, Liu, Ma, Yang, and Zhang (2018) study,
covering the period from January 1994 to December 2016 and using the Structural Vector Autoregression (SVAR)
method, suggests that volatility of the price spread between WTT and Brent increases beginning from the GFC.
Moreover, Elder, Miao, and Ramchander (2014) for the 2007-2012 period and Liu, Schultz, and Swieringa (2015) for
the 2008-2011 period find evidence that WTI has more price leading power than Brent has if WTI and Brent are
cointegrated. Yang, Shao, Shao, and Song (2020) investigate the lead-lag price relationship between WTT and Brent
from 1987 to 2017 with the non-parametric symmetric Thermal Optimal Path (TOP) method. Their evidence
indicates that there is price leadership of WTT over Brent and claims that this lead-lag relationship is volatile and
sensitive to extreme events.

In this paper, we examine the cointegration relationship between the prices of WTT and Brent. Unlike previous
studies, this is the first study to examine the cointegration relationship between WTT and Brent using periodogram-
based analyses employed by Akdi (1995) and Akdi and Dickey (1998). We also estimate common periodicities in both
series when the presence of a cointegration relationship cannot be rejected.

The periodogram-based analysis that allows finding hidden periodicities in data has certain advantages.
Brockwell and Davis (1987); Fuller (1996) and Wei (2006) summarize these advantages as: (i) The periodograms do
not depend on any model specifications. (ii) The periodograms are invariant to the mean. (iii) The critical values of
the distribution are independent of the sample size. (iv) Except for the variance of the white noise series, the
periodogram-based analyses do not require parameter estimation. (v) Under the alternative hypothesis, the
normalized periodogram is asymptotically distributed as chi-squares (x?) with 2 degrees of freedom; thus, the analytic
power function of the test exists. (vi) The estimates are acknowledged as more robust if the data have periodic
components.

Our study covers the period from June 1987 to July 2021 period. We repeat the analyses for the sub-periods that
cover the dates when the increase in price spread of WTT and Brent correspond to events affecting the global crude
oil market. The findings provided by the periodogram-based cointegration method suggest a cointegration

relationship between the prices of WTT and Brent for the 1987:06-2010:03 sub-period. The sample ends with the oil-

36
© 2028 AESS Publications. All Rights Reserved.



Energy Economics Letters, 2023, 10(1): 35-43

spill accident at the Deepwater Horizon oil spill took place at the Macondo Field, located in the Gulf of Mexico. We
also find statistically significant common periodicities in both series for this period which is closely 12 months. Thus
the cointegration relationship between WTI and Brent series can be related with the presence of common periodicities
in both series for the pre-oil spill accident.

The remainder of this paper is organized as follows. In Section 2, we explain the methodology. Section 3

introduces the data set. Section 4 presents empirical evidence. Finally, in Section 5, we conclude.

2. METHODOLOGY
Our methodology comprises three stages. Firstly, we perform periodogram-based unit root tests developed by
Akdi and Dickey (1998). Then, we examine the hidden periodicities in the data. Lastly, we estimate the cointegration

relationship between the series using the periodogram-based cointegration test introduced by Akdi (1995).

2.1. Periodogram Based Unit Root Test
Given a time series {Yy, Y, Y3, ..., ¥}, the trigonometric transformation of the series can be shown as:
Y, =pu+Rcos(wi+d) +e,, 1 =1,2,...,n, (1)

Where p is the expected value; R is the amplitude; ¢ is the phase; w is the frequency of the series; and eis the
white noise sequence. We consider the properties of the cosine function, a = Rcos(¢) and b= Rsin(¢), the Equation 1
can also be written as:

Y, =p+ a cos(wd) +b sin(wd) + ¢, t=1,2,...,n. (2)

Here, k is chosen to be the frequencies (k = 1,2, ... [n/2], and [n/2] is the intiger part of n/2). When wy, = 2wk /n

is selected, the Ordinary Least Square (OLS) estimators of i, @ and b can be calculated as below:

p=T, (3)
=T, (Y T,) cos(ryd) (4)

and
bi== S, (Ve T,)sin(wyd) (5)

Where a: and b: estimators are also known as Fourier coefficients (see: (Brockwell & Davis, 1987; Fuller, 1996))
and Yn is the sample mean, then we can write:
YL cos(w)= YL, sin(w,)=0 (6)
And the periodogram ordinates are invariant to the mean. Therefore, Fourier coefficients can also be calculated

as in Equations 7, 8, and 9, respectively:

p=7,, (7)
a=3Ti ¥y cos(wyd) (8)

and
b= 32’; L7, sin(w,d). (9)

From the model given in Equation 2, the periodogram ordinate at the frequency k is:
1,Ge)=" (i +87). (10)
Akdi and Dickey (1998) proposed a periodogram-based unit root test that is seasonally robust and free from
selecting the lag lengths. In the test, the null hypothesis is that the series has a unit root. Akdi and Dickey (1998)
show that for each fixed k the asymptotic distribution of T.(zw) is distributed as a mixture of y? given by:

9 - COS\ W, I)
T (w) =200 ] () — Z + 372, noo (11)
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Where T.(w) is the test statistics, Z; and Z, denote independent standard normal random variables and GZ is any

D
consistent estimator of the error variance. Moreover —— stands for convergence in distribution. ais the significance

level, and if the value of T.(wx) is smaller than the critical value ca, then we reject the null hypothesis of a unit root.

Provided that the series has a unit root, asymptotic distribution can be shown as:

D
T,(w) — X7+ 85, n—>®. (12)

2.2. Periodicity

The hidden periodicities in data for a stationary time series can be examined by using periodograms. Under the
null hypothesis that there is no periodic component, P(V> ca) = m(1— ca)""' where m=(n-1)/2, if nis odd and m = (n/2)-
1if nis even. If Vis bigger than the critical values ¢« for a given significance level a, then we reject the null hypothesis
Hy: a=b=0.2 Thus, we can say that the model contains a periodic component.

Let L(wp)) = max {L(w)} for k=1,2,...[n/27] where [n/2] is the integer part of /2 and define as:

~ I [Z[n/"] )] " (13)

In order to examine another periodic component in the series, let I(wy) be the " largest periodogram ordinate

and define a test statistic as below:

L(wy)
V.= 14
T - B (o) (14)

where V; is the test statistics for the determination of a periodic component in series. If 7:> ca, then we reject the
null hypothesis of no periodic component. Thus, the series has a periodic component at the corresponding frequency

(Wei, 2006).

2.8. Periodogram Based Cointegration Test

The periodogram-based analysis estimates the cointegration vector for a multivariate time series (Akdi, 1995).
Each component of a bivariate non-stationary time series can be written as a linear combination of two stationary and
non-stationary series as:

Xt = A1Ue + 4425, (15)

Xot = A1 Ue + 2525, (16)
Here, U, and S; represent unit root and stationary time series respectively. Since each component of the bivariate
time series (Xl,t and Xz,t) contains the non-stationary component of U;. Both components are non-stationary. Note

that:

A21 Az21d12
Zt=X2,t_( )X1t—(/122 P )St_cst (17)

Z, is stationary and therefore the system is cointegrated with the cointegrating vector (—A,1/244,1)". Z; also
mimics the residuals from the regression of X, on X; .. Therefore, we have to estimate the (4,;/4;4) ratio. If the
Ry is the real part of the cross periodogram ordinate of a bivariate non-stationary time series and Py is the
periodogram ordinate of one of the components of a bivariate series (say the first component), then R, regressed on
Pk as:

Ry =a+BP, +n,, k=123,..,[T/2] (18)

2 We can test this hypothesis with Fisher’s test based on the periodograms. Since the frequency of wy is unknown, using a standard F statistic in not appropriate (Wei,

2006).
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Where [T /2] represents the integer part of T/2. From Equation 18, the OLS estimator of f§ is a consistent

estimator for the ratio. Thatis, as T — co.

S 2) R —R)Pr-B) P 2y
_ , A21

3 k=1
= 19
br Sl p-p)? A1 (19)

_ — P
Where R is the mean of Ry and P is the mean of P,. Here, — represents converges in probability. Therefore,

the cointegration vector can be identified as (—[?T, 1) (see for the critical values: (Akdi, Berument, & Cilasun, 2006;

Berument, Akdi, & Atakan, 2005).

3. DATA

In this paper, we aim to examine the cointegration relationship between the prices of WTT and Brent and by
using periodogram based cointegration analyses. We use the monthly data for the series from June 1987 to July 2021.
Our data span covers 410 observations.

We use real price series. In order to calculate the real prices of WTT and Brent, we deflated these series by U.S.
Consumer Price Index for All Urban Consumers (CPI). We gathered all data from St. Louis Federal Reserve
Economic Data (FRED).

Figure 1 reports the time series plots of the real price spread between WTI and Brent. These series generally
move together, but the real price spread between WTT and Brent has begun to increase after the first quarter of 2010.
The real price of WTI was generally higher than the real price of Brent until April 2010 when the Deepwater Horizon
oil spill taken place at the Macondo Field, located in the Gulf of Mexico and operated by British Petroleum (B.P.)
After this accident, the reason of the real price of Brent was higher than the real price of WTI can be explained by
the soaring insurance premium for off-shore drilling and thus and thus this affected the Brent prices. Moreover, in
late 2015, the U.S. lifted the ban on the export of domestically produced crude oil, which had been in place since the
1970s. On the other hand, it is worth noting that since the COVID-19 pandemic epidemic, the price spread between
WTT and Brent has begun to decrease again.
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Figure 1. The real price spread between WTT and brent.
Source: FRED economic data, federal reserve bank of St. Louis.

Considering the increase in the price spread between WTT and Brent, we repeated our analyses for four sub-
periods. These periods are 1987:06-2010:03 for the period before the oil-spill accident at Mexico Gulf; 2010:05-
2020:02 for the period from the oil-spill accident at Mexico Gulf until to COVID-19 Pandemic Epidemic; 2010:05-
2021:07 for the period after the oil-spill accident at Mexico Gulf; and 2016:01 2021:07 for the period after the U.S.

lifted the export ban on the domestically produced crude oil.
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4. EMPIRICAL EVIDENCE

We adopt the periodogram-based cointegration method that Akdi (1995) introduced to determine the existence
of a cointegration relationship between the real prices of WTT and Brent for 1987:06-2021:07 and its various sub-
periods. Firstly we report the periodogram-based unit root tests Table 1 employed by Akdi and Dickey (1998). Table
1 reveals that the test statistics for the WTT and Brent values are less than the critical value at the 5% level (0.178)

for all periods. Thus, we cannot reject the null of a unit root, and then we conclude that both series have unit-roots.

Table 1. Test statistics for periodogram-based unit root test with intercept.

Period Variable I, (w) &ﬁ t, (W) | Decision
WTI 3.321 0.000 2.821 Fail to reject the null hypothesis.
1987:06-2021:07 - 5 -
Brent 4.365 0.000 2.563 Fail to reject the null hypothesis.
WTI 1.427 0.000 2.428 Fail to reject the null hypothesis.
1987:06-2010:03 - ~ -
Brent 1.458 0.000 2.268 Fail to reject the null hypothesis.
WTI 0.927 0.000 6.101 Fail to reject the null hypothesis.
2010:05-2020:02 - g -
Brent 1.387 0.000 8.278 Fail to reject the null hypothesis.
WTI 0.969 0.000 4.536 Fail to reject the null hypothesis.
2010:05-2021:07 - - -
Brent 1.872 0.000 5.816 Fail to reject the null hypothesis.
WTI 0.039 0.000 0.902 Fail to reject the null hypothesis.
2016:01-2021:07 - . -
Brent 0.068 0.000 1.326 Fail to reject the null hypothesis.

Note: The 5% critical value is 0.178.

Table 2 reports the test statistics of periodogram-based cointegration analyses. Our results suggest no global
long-run relationship between two major oil blends for the whole period. However, the values of the periodogram-
based tests are bigger than the critical values at 5% (for all periods except for the 1987:06-2010:08). Thereby, even
if this relationship exists until the Deepwater Horizon oil spill, the relationship breaks down after this incident. One
explanation is that since Brent is produced at off-shore platforms, the insurance premium of extracting and producing
oil increased considerably after the incidence at Mexican Gulf, which affected the Brent prices. Note that most oil
prices are traded indexing to one of these two oil blends and the Oman-Dubai blend. Thus, one may need to consider

this differential when they price/trade the other oil contracts.

Table 2. Results for periodogram-based cointegration.

Period Dependent variable B; T, Decision

1987:06- WTI 1.140 -2.35 | Fails to reject the null hypothesis of no cointegration.
2021:07 Brent 0.869 -2.45 | Fails to reject the null hypothesis of no cointegration.
1987:06- WTI 1.012 -7.44 | Reject the null hypothesis of no cointegration.
2010:03 Brent 0.987 -7.44 | Reject the null hypothesis of no cointegration.
2010:05- WTI 1.218 -3.19 | Fails to reject the null hypothesis of no cointegration.
2020:02 Brent 0.817 -3.19 | Fails to reject the null hypothesis of no cointegration.
2010:05- WTI 1.192 -3.40 | Fails to reject the null hypothesis of no cointegration.
2021:07 Brent 0.831 -3.40 | Fails to reject the null hypothesis of no cointegration.
2016:01- WTI 0.792 -0.26 | Fails to reject the null hypothesis of no cointegration.
2021:07 Brent 1.173 -0.83 | Fails to reject the null hypothesis of no cointegration.

Note:  The 5% critical value is -3.43564.

We also offer empirical evidence of whether there are common periodicities between WTT and Brent prices or
not. The statistics presented in Table 3 suggest that WTI and Brent series have statistically significant common
periods of 11.87 months for the 1987:06-2010:03 but whole periods and other sub-periods have not. Thus, our results
suggest that the cointegration relationship between WTT and Brent series can be related with the presence of common

periodicities in both series.
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Table 3. Periodogram values and their corresponding values of V statistics.

WTI Brent
. 5% Critical
e L(w) V: # Of L(wo) Vi # Of value for V.
cycle cycle

1987:06-2021:07 0.007 0.041 10.487% 0.006 0.035 10.687 0.040
1987:06-2010:03 0.005 0.055 11.870% 0.006 0.058 11.870% 0.055
2010:05-2020:02 0.004 0.074 9.750 0.005 0.084 9.750 0.114
2010:05-2021:07 0.004 0.066 5.583 0.006 0.079 5.583 0.103
2016:01-2021:07 0.004 0.161 5.583 0.006 0.177 8.375 0.183

Note:  * Is for the statistically significant for 5% critical value for Vi for the first difference series.

5. CONCLUSION

The WTT and Brent crude oil prices are global benchmarks for spot and future crude oil markets. Historically,
WTTI and Brent prices are generally move together. However, especially within the last decade, the price spread
between these major crude oils has increased remarkably. The price of WTT was generally higher than the price of
Brent until the Deepwater Horizon oil spill accident took place at the Gulf of Mexico in April 2010, after this accident,
the exact opposite became true. The other important events that affected the price spread between WTI and Brent
are that the U.S. lifted the ban on exporting domestically produced crude oil in late 2015 and the COVID-19 pandemic.
Thus, the empirical findings from the literature about structural break(s) verify that these events affect the global
crude oil market.

In this study, we investigate a long-run relationship between the prices of WTT and Brent by using periodogram-
based cointegration method, which allows to find hidden periodicities in the stationary data set, introduced by Akdi
(1995) for the periods of 1987:06-2021:07. We repeat our analyses for different sub-periods by considering that these
events affected the price spread between WTT and Brent.

Our results summarized in Table 4 suggest that the whole period and sub-periods except for the 1987:06-2010:03
period do not have the cointegration relationship between the prices of two major crude oils. These statistics suggest
that the cointegration relationship existed until the Deepwater Horizon oil spill in April 2010. The reason why the
cointegration relationship has broken down after the accident at the Mexican Gulf can be explained by the insurance
premium of extracting and producing oil increased considerably. This affected the prices of Brent, which is produced
on off-shore platforms. Our finding coincides with studies that found structural break date(s) in the price spread
between WTT and Brent.

Table 4. A summary of periodogram based analyses.

No. Period Unit root test Cointegration No. of cycles
, 1987:06- Fail to reject the null of No cointegration between WTT has periods of 10.487
2021:07 unit root. WTTI and Brent. month, but Brent does not.
WTTI and Brent have
p 1987:06- Fail to reject the null of Cointegration statistically significant
2010:03 unit root. between WTT and Brent. common periods of 11.87
months.
. 2010:05- Fail to reject the null of No cointegration between \Nsrgtia;}[idcigem ha.}e nott a
2020:02 unit root. ‘WTTI and Brent. Ly sighiican
common periodic component.
p 2010:05- Fail to reject the null of No cointegration between \Nsrgtia;}[idcigem ha.}e nott a
2021:07 unit root. ‘WTTI and Brent. Ly stgniican
common periodic component.
5 2016:01- Fail to reject the null of No cointegration between W fllt.dTI 'Blllﬁen‘? hale:e”nott 4
2021:07 unit root. WTT and Brent. statistically significan
common periodic component.

We also examine whether these series include common periodicities. When the cointegration relationship for the

1987:06-2010:08 period cannot be rejected, we estimate a statistically significant common periodicity in both series,

© 2028 AESS Publications. All Rights Reserved.
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which is approximately 12 months. However, whole periods and other sub-periods have not statistically significant
common periodicities. Thus, unlike previous literature, our other important contribution is that the cointegration

relationship between WTT and Brent series can be related with the presence of common periodicities in both series.
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