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This study examines daily West Texas Intermediate (WTI) and Brent crude oil prices to
identify potential bubble behavior. The results indicate that bubble activity increased
significantly during the Ukraine-Russia conflict. Furthermore, the findings suggest that

explosivity in Brent oil prices precedes and influences explosivity in WTI oil prices.

I. Introduction

Crude oil pricing and its relationship with potential bub-
bles have become central issues in economic research.
Floros and Galyfianakis (2020) define a bubble as a high
level of trading volume in a particular asset class at prices
well above its intrinsic value. Bubbles in energy prices are
undoubtedly among the most serious threats to the stabil-
ity of equity markets and global economic indicators. Over
the past two decades, researchers have increasingly focused
on identifying the main causes and consequences of bub-
bles in the energy market (Floros & Galyfianakis, 2020; Liu
& Lee, 2018).

Sornette, Woodard, and Zhou (2009), along with Wu and
Zhang (2014), demonstrated that bubble components exist
within the behavior of energy prices. In line with this, other
authors have noted that the timing of bubbles often co-
incides with specific events in financial markets, such as
financial crises and geopolitical tensions, including wars
(Fantazzini, 2016; Sornette et al., 2009; Su et al., 2017).
Studies reveal a strong causal relationship and dynamic
co-movement between oil prices and geopolitical concerns,
particularly in the short term (Li et al., 2020). Trends in
geopolitical risks have been shown to predict both in-sam-
ple and out-of-sample oil prices, providing relevant infor-
mation beyond financial and commodity fundamentals
(Zhang et al., 2022).

In many countries, a bidirectional causal relationship
has been found between geopolitical risk and oil price
trends, with a few exceptions showing a unidirectional re-
lationship (Shahbaz et al., 2024). Furthermore, supply, de-
mand, inventories, speculation, and international eco-
nomic activity serve as key transmission mechanisms
through which geopolitical issues indirectly impact oil
prices (Lee et al., 2021; Olasehinde-Williams et al., 2023).
The short- to medium-term effects of geopolitical threats
on oil markets have become increasingly evident, with eco-

nomic activity and speculation potentially exerting diver-
gent influences on oil prices (Jiao et al., 2023).

With the onset of the Russian-Ukrainian war and the
Middle East conflict, many energy analysts concluded that
the continuation of the war has greatly contributed to the
rise in oil prices. This is most evident in the increase of
Brent crude oil prices from $101.29 on February 24, 2022
(the first day of the war), to $133.18 on March 8, 2022 (the
ninth day of the war). At the same time, punitive measures
were imposed on Moscow. These sanctions included pre-
venting Russia from using the SWIFT system to transfer
funds, freezing the assets of Russian banks in some coun-
tries, suspending export licenses for goods that can be used
for civilian and military purposes, halting the export of
high-tech goods and oil refining equipment, and setting
limits on the amounts of money that Russians can deposit
in banks.

As a result, global markets continue to bear the cost,
with expectations of price bubbles and new records amid
high global inflation and stagnation. Moreover, as oil is the
world’s most commonly traded commodity and a major eco-
nomic variable, movements in Brent and WTI prices have
significant implications for the global economy and finan-
cial markets. Therefore, it is crucial to analyze their co-ex-
plosivity.

The primary goal of this study is to determine whether
market speculation or geopolitical instability contributes
more to oil price volatility. While previous research has ex-
plored the impact of geopolitical risks and financial spec-
ulation on oil markets, the findings remain inconclusive,
with studies often focusing on isolated events or specific
market conditions. Additionally, existing literature lacks
a comprehensive analysis that compares the relative in-
fluence of these two factors during prolonged geopolitical
conflicts, such as the Ukraine-Russia war. By addressing
these gaps, this study aims to provide a clearer understand-
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ing of the key drivers of oil price fluctuations, helping in-
vestors and policymakers develop more effective risk man-
agement strategies.

The remainder of this paper is structured as follows: Sec-
tion II presents the data and methodology, Section III dis-
cusses the empirical results, and Section IV concludes.

II. Data and Methodology

In this study, we use daily crude oil price data measured
in U.S. dollars per barrel of oil, collected from the U.S.
Energy Information Administration. The dataset includes
Crude Qil Prices: West Texas Intermediate (WTI), Europe
Brent Spot Price, and the geopolitical risk index (Caldara &
Iacoviello, 2022). The period spans from 01 February 2020
to 11 December 2024, with observations recorded daily.

To examine bubble activity in oil prices, we employ the
recent bubble detection procedures—the supremum ADF
(SADF) test proposed by Phillips, Wu, and Yu (2011), and
the generalized SADF (GSADF) test developed by Phillips,
Shi, and Yu (2015). The supremum ADF test involves ob-
taining subsamples from the dataset and performing the
Dickey-Fuller test on each subsample. The subsamples are
defined as fractions of the entire dataset, denoted as dT;
where T represents the complete dataset and d [0, 1]. The
sample size increases iteratively, starting from the smallest
possible size, denoted as d = r_0, up to the full dataset. The
ADF test is applied at each iteration.

For each subsample, an autoregressive series is specified

as follows:
q

Ay = ap1o + Ar12Yi-1 + Z 9?1’T2Ayt—j (1)
Jj=1

where y; represents oil price, a, A, and 0 are parameters es-
timated using OLS. The subscripts r1 and r2 denote frac-
tions of the total sample size T that specify the starting
and ending points of a sub-sample period. q represents the
number of lags which is set according to Bayesian Informa-
tion Criterion. The null hypothesis is Hy: Ay1,2 = 0 against
alternative explosive bubbles is H;: A;1 2 > 1. For each new
regression, the sub-sample is created by merging the sub-
sample from the preceding iteration with new observations.
Assuming each sub-sample has a size denoted as = dT, the
coefficient test statistic and the Dickey-Fuller statistic are
as follows:

DF)=1 (XT(T) - 1) :

ZT yT % (2)
DF! = (%) (R - 1)
Or
where 7\: represents the least squares estimate of A, which
is based on the first observations T = dt. o, denotes esti-
mated value of o and values are then compared with the
critical values of the DF test.
The SADF statistics is:
SADF (rg) = sup ADF}* 3)
ra€lro,1]
However, Phillips, Shi, and Yu (2015) contend that the
SADF test is ineffective when multiple bubbles exist within
the data. To address this limitation, they introduce an al-
ternative method known as the GSADF test. This approach

utilizes the Dickey-Fuller test across a series of subsamples
from the dataset, adjusting both the end points and start
points of each subset. The GSADF statistic is defined as fol-
lows:

GSADF (ry) = sup

ra€lro,1],r1€[0,r9—70]

ADF? (4)

Following the detection of explosive behavior using the
GSADEF test, the start and end dates of bubble periods can
be identified through backward SADF (BSADF) as outlined
in Phillips, Shi, and Yu (2015):

BSADF,, (ro) = sup

r1€[0,r2—70]

SADF (5)

where the end of the rolling interval window is fixed at r
and the window size expands from rq = 0.01 + % tors .

Explosiveness periods are defined using the GSADF test as
follows:

Fo = iFf1] {7‘2 : BSADF,, (r¢) > scuy, (6)
ro€lro,
and
?y= inf {ry: BSADF,, (ry) < scu, (7
7‘2€[’fe71}

where scu?] is the 100(1 — &) % critical value of the SADF
test for the [ry T]observations. Following Harvey, Ley-
bourne, and Sollis (2017), we use wild bootstrapping to ad-
dress non-stationary volatility. Simulations are based on
5,000 replications.

To investigate the co-explosivity of oil prices, we will
use the method described in Bouri, Shahzad, and Roubaud
(2019) and apply the following logistic regression:

log <—1 f(PY(Y i |1)\(?X) ) = Bo + BiXit + € (8)
where Y is a dummy variable for WTT that takes the value
one if BSADF,,; > scusz when there is price explosive-
ness and zero if BSADF,,; < scu?T. B is a constant and
X+ represents dummy variable for Brent constructed in a
similar way to Y.

Logistic regression, unlike linear regression, does not as-
sume a normal distribution of predictors. This is advanta-
geous since oil prices frequently exhibit skewed or non-nor-
mal distributions. Moreover, the logistic function generates
probabilities ranging from 0 to 1, enabling the evaluation
of the likelihood of co-explosivity between WTI and Brent.
This function is essential for determining the extent of the
relationship between potential influencing factors and co-
explosivity.

II1. Empirical Results

The results of SADF and GSADF tests are presented in
Table 1 and Figure 1. The findings indicate that both SADF
and GSADF tests are statistically significant at the 1% and
5% levels. The dashed areas in Figure 1 represent the explo-
sive periods in WTI and Brent. The first instance of explo-
sivity experienced by WTI occurred from 25 February 2021
to 26 February 2021, while for Brent, it occurred from 23
February 2021 to 01 March 2021. The price of a barrel of
oil has risen sharply since the beginning of 2021, increas-
ing from 50 dollars to 68 dollars per barrel—an increase of
nearly 35%.
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Table 1. Bubbles test results

ADF SADF GSADF Start End Duration (day)
WTI -1.60 1.74** 2.39** 2021-02-25 to0 2021-02-26 1
2022-03-04 to 2022-03-09 3
Brent -1.49 2.62*** 3.35* 2021-02-23 t0 2021-03-01 4
2022-03-02 to 2022-03-03 1
2022-03-04 to 2022-03-09 3

Note: *** ** and * denotes statistical significance at 1%, 5%, and 10% levels, respectively.

The primary explanation for the rise in oil prices is the
strong economic recovery in China. Industrial production
in China increased by almost 35% in January-February 2021
compared to the same period in 2020 (China, Statistics,
2021). This recovery is driving up the demand for oil, and
consequently, its price. Additionally, the global economic
recovery anticipated for 2021 by the World Bank, along with
various stimulus plans, including the American plan total-
ing nearly 1.9 billion dollars, has contributed to further in-
creases in oil prices during 2022.

Another factor in the rise in oil prices is the decision
made in early March 2021 by the Organization of the Pe-
troleum Exporting Countries (OPEC) and Russia to main-
tain the strict quota policy implemented one year prior. By
voluntarily limiting the supply of oil, this quota policy me-
chanically exerts upward pressure on the price of crude oil.

Although the current price of oil remains well below its
historical average of 109 dollars in 2013, this increase con-
trasts sharply with the evolution of the price of oil in 2020.
When the COVID-19 pandemic erupted, the price of a bar-
rel of oil fell drastically: from 67.8 dollars at the end of 2019
to only 15 dollars by early April 2020. This was due to the
shutdown of some of the world’s major economies and the
fall in air traffic. The WTI price of American oil even be-
came temporarily negative due to near saturation of stor-
age capacities.

Further instances of explosivity were observed during
March 2022 within the Ukrainian-Russian conflict. Explo-
sivity appeared first in Brent from 02 March 2022 to 04
March 2022 and in WTI from 04 March 2022 to 09 March
2022. With the escalation of the conflict in Ukraine and
the almost total halt of Russian oil exports, the price of oil
soared. This rise was caused by fears that the West would
impose sanctions on Russian oil sales, as well as delays in
finding a resolution to the Iran nuclear deal. Even though
Western sanctions have not gone as far as banning Russian
exports, the supply is affected, particularly because certain
financial and banking sanctions make purchases from Rus-
sia difficult.

Table 2 shows that an increase in Brent crude prices
raises the probability of higher WTT crude prices. This re-
lationship is particularly evident during geopolitical events
like the Russian-Ukrainian war, driven by fears of sanctions
on Russian oil disrupting supply. Rising Brent prices due to
geopolitical tensions directly affect US crude prices, irre-
spective of demand and supply. These findings align with
studies by Ajmi, Hammoudeh, and Mokni (2021) and Khan
et al. (2021).

However, there is no observed effect of geopolitical in-
stability on WTI price explosiveness. WTI price dynamics
are influenced more by domestic production and regional
factors, making it less sensitive to global geopolitical
events. Additionally, US energy independence and struc-
tural factors in the domestic oil market provide some pro-
tection against direct disruptions from geopolitical insta-
bility.

To check robustness, the relationship between geopolit-
ical risk (GPR), WTI, and Brent at different quantiles was
estimated using quantile regression. Table 3 shows that
higher Brent prices positively affect WTI prices across all
quantiles, while increased geopolitical risk negatively im-
pacts WTTI oil prices due to economic uncertainty lower-
ing demand. Additionally, a stronger US dollar makes oil
more expensive for foreign buyers, reducing demand fur-
ther. Markets may anticipate rising production or strate-
gic reserve releases, and speculative traders might sell oil
short during expected global slowdowns. Geopolitical risks
in major consuming regions can reduce industrial activity,
leading to lower prices.

Geopolitical instability increases Brent crude prices by
creating supply disruptions, market uncertainties, and
transportation risks. Conflicts or sanctions in major oil-
producing areas reduce supply, while threats to key routes
like the Strait of Hormuz raise transport costs. Investors
add a risk premium, causing speculative buying and price
hikes. Stockpiling oil for potential shortages boosts de-
mand, and currency fluctuations, especially a weaker US
dollar, make oil pricier for global buyers, driving Brent
prices higher.

IV. Conclusion

This study applies the SADF and GSADF tests (Phillips et
al., 2011, 2015) to identify the beginning and end of poten-
tial speculative bubbles in the crude oil market during the
Ukraine-Russia war. Results revealed evidence of multiple
periods of bubble explosivity from 02 March to 04 March
2022. Moreover, findings indicate that the likelihood of ex-
plosiveness in WTI depends on the presence of explosive-
ness in the Brent price. The outcomes of this study are no-
table for at least one key reason: a bubble in the oil market
may signal economic concern among investors, which could
serve as an early indicator of a financial crisis, prompting
policymakers to develop effective financial strategies.

The findings of this study offer several policy recom-
mendations. Policymakers should consider enhancing mar-
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Figure 1. Oil prices bubbles
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Note: This figure displays the SADF and GSADF test results. The dashed area indicates periods of explosiveness in WTI and Brent prices.

Table 2. Logistic regression using dummies for explosivity as dependent/independent variables

Variables Coefficients Coefficients
Constant -2,62822*** -6,97373***
dwti - 2,26650*
dbrent 4,8196*** -
GPR 0,0006 0,0103***
McFadden R-squared 0.18 0.15

, ** and * denotes statistical significance at 1%, 5%, and 10% levels, respectively.

ket transparency, regulating speculative trading, and ad-
justing monetary policy to manage inflationary pressures
stemming from energy price fluctuations. Additionally, im-
proving geopolitical risk assessments, promoting energy di-
versification, and encouraging the development of hedging
mechanisms can mitigate the economic impact of oil price
shocks. Overall, these strategies will contribute to stabiliz-

ing markets and reducing vulnerabilities to future geopolit-
ical tensions and energy price bubbles.

Submitted: November 20, 2024 AEDT. Accepted: March 28,
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Table 3. Quantile regression results

Variables 0.25 0.50 0.75 0.90 0.25 0.50 0.75 0.90
Constant 0.9542*** 1.3106*** 1.2404*** 1.3133*** -0.94389*** -0.84790*** -0.54799* 0.33681
(0.2211) (0.1642) (0.1839) (0.3452) (0.22393) (0.26332) (0.22560) (0.63669)
WTI - - - - 1.04183*** 1.05612*** 1.06707*** 1.07019**
(0.00474) (0.00416) (0.00443) (0.00767)
Brent 0.9288*** 0.9377*** 0.9515*** 0.9638*** - - - -
(0.0043) (0.0027) (0.0031) (0.0045)
GPR -0.0042*** -0.0044*** -0.0044*** -0.0041*** 0.00614*** 0.00636*** 0.00587*** 0.00698***
(0.0013) (0.0010) (0.0014) (0.0016) (0.00146) (0.00115) (0.00146) (0.00189)
Note: Values provided in brackets represent standard errors. *** ** and * denotes statistical significance at 1%, 5%, and 10% levels, respectively.
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