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Abstract: Using a diagonal BEKK model, this paper estimates a spillover effect from the international
crude oil market to the Korean stock market. Empirical results suggest that shocks and volatility
in Dubai oil prices are significantly transmitted into twenty portfolios of the Korean stock market.
Also, it was found that these spillover effects dramatically rose during the year 2020, when the
threat of COVID-19 was the most serious. More specifically, oil-oriented portfolios, such as the
power and gas firms’ portfolio and chemical firms’ portfolio, had a greater spillover effect from the
international crude oil market rather than other portfolios. Further, compared to larger-capitalization
firm portfolios, small-capitalization firm portfolios had a relatively greater spillover effect. Several
implications and important avenues for further research are identified.
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1. Introduction

The relationship between international oil prices and stock markets has been brought
to the attention of investors, policymakers, and even the general public in recent years
because oil prices have been showing dramatic volatility during the past decade. As Figure 1
displays, the weekly forecasted prices of international crude oils moved dramatically
between 2014 and 2022. The oil prices that had been above 100 USD per barrel in the first
half of 2014 began to fall below 30 USD in December 2015. As of the year 2016, the oil prices
gradually rose and recovered to 80 USD in July 2018 but immediately plunged about 60 USD
and then remained in the range of 60–70 USD until 2019. In the year 2020, when COVID-19
occurred, the oil price collapsed to 20 USD and then continued to rise and reached 120 USD.
The oil price declined again and moved to around 80 USD in December 2022.

These surges and falls in oil prices are expected to affect stock markets because oil is a
crucial source for the modern economic system. However, the effect does not necessarily
exhibit a stable pattern. As Figure 1 shows, in the case of the Republic of Korea (hereafter
Korea), the pattern of the oil/stock market relationship varies with time. There were
periods of positive or negative relationships, and even seemingly no relationship, between
the oil prices and the KOSPI index, which is a proxy for the Korean stock market. For the
first “no correlation” box, which corresponds to the period from the 1st week of June 2014
to the 4th week of May 2015, the correlation coefficient between the oil prices (either Dubai
or Brent) and KOSPI is calculated as 0.096. The second “no correlation” box with stable
movements in KOSPI, although oil price movements fluctuated from the 1st week of April
2016 to the 4th week of December 2016, has quite a low correlation, which is 0.19. The third
and fourth box shows the negative and positive relationship between oil prices and Korean
stock prices, respectively, which supports the argument that the oil/stock relationship is
unstable over time.
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Figure 1. Crude oil prices and the Korean stock market index: 2014–2022. 

Motivated by the observation of dramatic changes in oil prices and inconclusive pat-
terns of oil/stock relationships over time, this paper aims to investigate a time-varying 
spillover effect from oil market volatility to stock market volatility with an industry-spe-
cific dataset, especially for the case of Korea. The aim of this paper is also meaningful for 
dealing with three research questions that have not been resolved in the oil/price research 
field. First, the Korean case helps discover clear patterns of oil/stock relationships due to 
its higher economic vulnerability to changes in international oil prices. According to the 
Ministry of Foreign Affairs of Republic of Korea (2021), Korea is known as the 8th largest 
energy consumer in the world, and 94.8% of the large energy consumption depends on 
imported oil. Second, portfolio-specific analysis is useful for detecting differences in the 
oil/price relationship across portfolios, unlike the aggregated analysis by most previous 
studies. Third, time-varying analysis, instead of time-static analysis, is suitable for han-
dling the dynamic relationship pattern over time. Moreover, the time span for time-vary-
ing analysis includes the years of the COVID-19 pandemic, which contributes to suggest-
ing significant evidence of the oil/stock market linkage for the turbulent time of interna-
tional commodity and financial markets. 

As the scope and the target of research, this paper estimates a weekly time-varying 
spillover effect from 2014 to 2022 by using a diagonal BEEK model, which is suggested as 
an appropriate model by existing studies. The main results are as follows: First, for the 
entire sample period, this paper finds that shocks and volatility in the Dubai oil market 
were transmitted into the Korean stock market. In particular, these spillover effects dra-
matically rose during the year 2020, when the threat of COVID-19 was the most serious. 
Second, among a variety of classified portfolios, this paper finds that the spillover effect 
during the year 2020 was the greatest for the energy-oriented portfolios, such as electricity, 
gas, and chemicals, rather than other industrial portfolios. Further, it is found that small-
capitalization portfolios had a greater spillover effect from the oil market than large-capi-
talization portfolios, which supports the intuition that small firms have lower operational 
and financial capability to manage external risk and uncertainty than large firms. 

The remainder of this paper is organized as follows. Section 2 briefly reviews the 
related literature and the limitations to be overcome, and Section 3 explains the data and 
methodology, respectively. Section 4 provides the empirical results. Section 5 summarizes 
the study and suggests key implications for further research. 

  

Figure 1. Crude oil prices and the Korean stock market index: 2014–2022.

Motivated by the observation of dramatic changes in oil prices and inconclusive
patterns of oil/stock relationships over time, this paper aims to investigate a time-varying
spillover effect from oil market volatility to stock market volatility with an industry-specific
dataset, especially for the case of Korea. The aim of this paper is also meaningful for
dealing with three research questions that have not been resolved in the oil/price research
field. First, the Korean case helps discover clear patterns of oil/stock relationships due to
its higher economic vulnerability to changes in international oil prices. According to the
Ministry of Foreign Affairs of Republic of Korea (2021), Korea is known as the 8th largest
energy consumer in the world, and 94.8% of the large energy consumption depends on
imported oil. Second, portfolio-specific analysis is useful for detecting differences in the
oil/price relationship across portfolios, unlike the aggregated analysis by most previous
studies. Third, time-varying analysis, instead of time-static analysis, is suitable for handling
the dynamic relationship pattern over time. Moreover, the time span for time-varying
analysis includes the years of the COVID-19 pandemic, which contributes to suggesting
significant evidence of the oil/stock market linkage for the turbulent time of international
commodity and financial markets.

As the scope and the target of research, this paper estimates a weekly time-varying
spillover effect from 2014 to 2022 by using a diagonal BEEK model, which is suggested
as an appropriate model by existing studies. The main results are as follows: First, for
the entire sample period, this paper finds that shocks and volatility in the Dubai oil
market were transmitted into the Korean stock market. In particular, these spillover
effects dramatically rose during the year 2020, when the threat of COVID-19 was the
most serious. Second, among a variety of classified portfolios, this paper finds that the
spillover effect during the year 2020 was the greatest for the energy-oriented portfolios,
such as electricity, gas, and chemicals, rather than other industrial portfolios. Further, it is
found that small-capitalization portfolios had a greater spillover effect from the oil market
than large-capitalization portfolios, which supports the intuition that small firms have
lower operational and financial capability to manage external risk and uncertainty than
large firms.

The remainder of this paper is organized as follows. Section 2 briefly reviews the
related literature and the limitations to be overcome, and Section 3 explains the data and
methodology, respectively. Section 4 provides the empirical results. Section 5 summarizes
the study and suggests key implications for further research.
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2. Literature Review

The relationship between international oil prices and the stock market has long been
an intriguing topic in economic research. In particular, since 2008 when various global
economic crises frequently emerged and hit both the oil markets and stock markets, the
research interests in the oil/stock relationship have been growing remarkably. The number
of papers investigating the oil/stock relationships published in top-ranked journals, on av-
erage, was about 1.9 during 1997–2007 but increased to 13.1 during 2008–2017 (Degiannakis
et al. 2018), which shows a more than six times rate of growth before and after 2008.

In order for a clearer presentation, we provide the steps of our literature review work
in Figure 2. As the fundamental work, the first step is to review the theoretical background
and channel for explaining the effect of oil prices on stock prices. The earliest empirical
analyses with the theoretical results were mostly about aggregated estimation. Therefore,
the first step of the review focuses on summarizing the major findings as well as the
limitations of empirical studies by aggregated approaches. Then, for the second step, the
focus of our review moves naturally to the disaggregated empirical analyses because the
need for disaggregated analyses was brought by the limitations of the aggregated analysis
in the first step. In addition to the empirical studies with disaggregated approaches, we
reviewed the literature on the time-specific analyses for the third step because the need for
specifying the time sample was emerging and growing too. Consequently, these steps of
our literature review lead to a specific research topic that may contribute to the existing
literature on the oil/price relationship, which is the time-varying spillover effect of oil
prices on the Korean stock portfolio-level analysis.
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For the first step, we review the theoretical framework for the oil/stock relationship
and find that the results are well-documented. The results suggest several transmission
mechanisms with macroeconomic perspectives. Three primary mechanisms are summa-
rized in this review, which are the monetary channel, the aggregate output channel, and
the uncertainty channel. These channels explain the negative effect of oil prices on stock
prices, in general. The specific explanation for each channel is suggested as follows:

First, the monetary channel focuses on inflation and interest rates. Rising oil prices are
expected to cause inflation because production costs and retail prices are under pressure
to rise (Gagliardone and Gertler 2023; Kilian and Zhou 2022; Hamilton 1988, 2003). Such
inflation expectation influences monetary policy-makers to decide to raise short-term
interest rates under the assumption that their policy target is to stabilize the higher price
levels by following the Tayler’s Rule (Basher and Sadorsky 2006). The Tayler’s Rule is
designed to approximate the response of short-term nominal interest rates, as these are set
by the central bank when economic conditions change (Tayler 1993). As a result, raised
interest rates increase the borrowing costs of the firm, which deteriorates the firm’s cash
flow, which is the most essential factor of stock prices of firms. Second, the output channel
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focuses on the household’s income and aggregate output. Rising oil prices lead to lower
discretionary income of households due to higher retail prices of commodities and services
in most economies (Svensson 2005, 2006). The negative relationship between oil prices and
income holds for most of the oil-importing countries in the world. However, in the case of
oil-exporting countries, the income increases when the oil price rises due to increased oil
revenue. Since this paper deals with the case of Korea, which is an oil-importing country,
the literature review on the output channel focuses on the oil-importing case. Such lowered
income leads to lower consumption and lower aggregate output, which deteriorates the
cash flow of firms, which is the factor of stock prices in value (Hamilton 1983, 2003; Kilian
2008). Third, the uncertainty channel points out the higher uncertainty generated by higher
oil price volatility because higher uncertainty deteriorates the future cash flows of firms by
postponing their decision-making on investment and purchasing (Bernanke 1983; Pindyck
2003; Edelstein and Kilian 2009).

Although these theoretical frameworks support for negative oil/stock relationship,
many other analyses reported positive relationships. The background for the positive
oil/stock relationship is the fiscal transmission channel. The fiscal channel argues that
higher oil prices may lead to an increase in the wealth of oil-exporting countries, which
allows for increases in government purchases of the countries. Considering that such
purchases are not substitutes but complements, these can lead to increases in household
consumption as well as aggregate demand. Responding to the expectation of higher
aggregate demand, private firms will make more active production and investment, which
contributes to higher cash flow of firms and stock prices in the world. In addition, Bernanke
(2016) suggests an additional view of the positive oil/stock relationship through the lens of
aggregate demand. He argues that oil prices and stock prices move together toward the
aggregate demand movements in the real world. For example, the fall (rise) in international
oil prices leads to an expectation of a downward (upward) global economy and lower
(higher) aggregate demand in the world. In such cases, private firms become less (more)
active in production and investment, which pushes the stock prices to lower (higher) levels.

Summing up the first step of the literature review on theoretical frameworks and ag-
gregated macroeconomic perspectives, it is not simple to conclude the sign of the oil/stock
price relationship. Because higher oil prices may lead to either lower stock prices through
some perspectives or higher stock prices through other perspectives, aggregating these
two opposite signs leads to the inconclusive results on the oil/price relationship. More
specifically, if the aggregate demand effect is greater than other factor effects, then the
aggregated oil/stock price relationship is positive. Otherwise, the relationship becomes
either negative or unexplained. The aggregated analysis, which combines all the effects
of oil price changes on stock markets, has limitations in yielding a conclusive relationship
between oil and stock.

To overcome the limitations in the aggregate oil/stock analysis, a lot of research has
been extended to disaggregate analysis, such as industry-specific analysis, firm-specific
analysis, and period-specific analysis. For the second step, we review the disaggregated
analyses and find that the contribution of the disaggregated analyses was to detect hetero-
geneity in oil/stock relationships across industries and firms. For example, the industry-
specific sectoral index analyses reveal that there are indeed heterogeneous responses to
the oil price changes by different industrial sectors (El-Sharif et al. 2005; Boyer and Filion
2007; Arouri and Nguyen 2010; Arouri 2012; Broadstock et al. 2012, 2014). For example,
highly oil-related sectors, such as oil and gas, electricity, oil refiners, etc., respond positively
to oil price changes, whereas less oil-related sectors, such as food, Chemical, computer,
financial, general service, medical, real estate, etc., have negative or no response to oil
price changes for the case of global industry sample (Nandha and Brooks 2009), US sample
(Narayan and Sharma 2011; Elyasiani et al. 2011), European sample (Arouri and Nguyen
2010; Sholtens and Yurtsever 2012), and Developed Europe and G7 sample (Nandha and
Brooks 2009). Further, firm-specific research enables providing additional insights into the
oil/stock relationship in the sense that firm-level characteristics determine the relationship.
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However, firm-specific analyses are limited because they provide scarce evidence pointing
to the direction that even though heterogeneity among and within stock market sectors
does exist; oil-related stocks tend to be higher in value when oil prices rise.

In addition to firm- or industry-specific analysis, time-specific analysis has been
emerging in the oil/stock nexus. Especially since 2008, when the global financial crisis
occurred, the number of publications dealing with the time-varying relationship has been
growing persistently. As Figure 3 shows, according to Degiannakis et al. (2018), the
number of papers finding time-varying relationships between oil and stock markets has
been growing, although all other papers decreased after 2012. In particular, from 2013 to
2017, the number of articles that discovered the time-varying relationship was greater than
the number of ones on all other topics. The time-varying relationship analysis mainly aims
at identifying differences between the demand-side shock and the supply-side shock of
oil markets. For example, Kang et al. (2015) identified that the oil shocks on the demand
side of oil markets, such as the economic boom, exercised a positive effect during 1973–
2012, whereas the oil shocks on the supply side of the oil market, such as oil supply
capacity, have a negative effect during the early period, 1973–1980. Also, Antonakakis
et al. (2013) examined whether the different oil price shocks have spillover effects on stock
markets at different times. They found that the aggregate-demand shocks played a role as
a net transmitter of shocks into stock markets during periods characterized by economic
turbulence, while the supply-side and precautionary-demand shocks were net transmitters
of shocks during geopolitical turbulence periods.
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Despite the numerous studies existing in the literature on the oil/stock relationship,
no empirical evidence showed a possible heterogeneous relationship between the two
markets over different time periods until 2010. For example, oil market volatility was the
main transmitter of volatility shocks to stock markets, rather than the reverse. Further,
these spillover effects were more apparent during the financial crisis and no distinction
between oil importers and exporters existed. (Arouri et al. 2011; Awartani and Maghyereh
2013; Boldanov et al. 2016; Maghyereh et al. 2016).

Overall, by considering the findings, insights, and trends of the existing literature
on the oil/price relationship, our study is expected to make a significant contribution to
the existing literature regarding three aspects. First, this paper deals with the oil/price
relationship topic that has been brought to academic attention for requiring the need to use
a time-varying spillover effect between oil and stock markets. Second, this paper is expected
to provide a conclusive result on the oil/price relationship unlike most prior studies using
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a large open economy case. Specifically, the case of Korea with its high dependence on
imported oil is more helpful for clarifying the oil/price relationship due to its structural
vulnerability to international oil price volatility. Third, portfolio-specific analysis enables a
better understanding of the heterogeneous effects of oil prices on disaggregate industrial
portfolios rather than aggregate stock market analysis. Hence, this paper is expected to fill
this gap and contribute to the existing studies by carrying out a Korean portfolio-specific
investigation of time-varying volatility spillover effects from international oil prices to
stock market sectoral indexes. Also, we shed light on long-term periods expanding to
December 2022, which enables checking a significant change in the oil/price relationship
after COVID-19 occurred because it is rare to find existing oil/price literature including the
pandemic period.

3. Methodology: Data and Estimation Model

The dataset is composed of weekly data on Dubai crude oil forecast prices and stock
market portfolio indexes of Korea, spanning the period from the first Friday of June (date:
13 June) in 2014 to the last Friday of December (date: 23 December) in 2022. The time span
and observations are sufficient enough compared with many recent works covering even
less than 8 years, such as Li et al. (2023), Mo et al. (2023), Zalfaghari et al. (2020), and so on.
Also, this paper examines 20 portfolio indexes that are officially classified by the Korea Ex-
change Market (KRX). These portfolio index data were collected from the KisValue, which
is known as a primary source of Korean stock market information. The 20 portfolios are as
follows: KOSPI, large-capitalization (hereafter called as “Large-cp”), small-capitalization
(hereafter “Small-cp”), food and beverages (“F&B”), textile and clothing (“T&C”), pa-
per and woods (“P&W”), chemicals (“CHEM”), pharmaceutical (“PHRM”), non-metallic
minerals (“NMM”), steel and metallic minerals (“SMM”), machinery (“MACH”), electric-
ity and electronics (“E&E”), precision medicine (“PM”), transportation and equipment
(“T&E”), distributions (“DIST”), power and gas (“P&G”), construction (“CON”), ware-
house (“WRH”), telecommunication (“TEL”), financial (“FIN”) index. In addition, this
paper uses the Dubai oil futures prices (Platts) from the CME group because the Dubai price
represents the Asian oil markets where Korea depends highly on the imports of crude oil.

We transformed the level-based data into the return-based data by using the formula,
ln Pt

Pt−1
, where P denotes prices (indexes) of Dubai (the portfolio) and t is the weekly time.

The total sample size for the returns during the sample period is 418, and the descriptive
statistics for all the weekly return series are reported in Table 1. According to the J.B. and
ADF tests, all the variables are normally distributed and statistically stationary.

In order to estimate a spillover effect from international oil markets to Korean stock
market portfolios, this paper employs a diagonal BEKK model (Choi 2021; Zalfaghari et al.
2020). According to the suggestion that a diagonal BEKK is a more reliable model than
DCC and full BEKK for estimating the spillovers between oil and stock markets (McAleer
2019a, 2019b; Zalfaghari et al. 2020), this paper employs a diagonal BEKK approach for
expecting more reliable evidence on the oil/stock linkage than prior studies. This paper
examines the relationship between two variables, oil and stock log-returns, resulting in a
bivariate approach as follows:

rt =

[
r1,t
r2,t

]
,

where rt is the vector of log returns at time t, subscription 1 denotes the oil market, and
subscription 2 denotes the stock market. rt can be decomposed as follows:

rt = µt + αt,

where µt = E(rt|Ft−1) and αt = H
1
2
t ϵt. The first term, µt, is the expected return for time t

given the available information at the previous time at t − 1. The information set is denoted
as F. The second term implies the unexpected part of the return with Ht and ϵt. ϵt are
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independently identically distributed (known as iid) random vectors with a mean equal to
zero. Ht is the covariance of αt, which is defined as follows:

Cov(αt|Ft−1) = Ht =

[
h11,t h12,t
h21,t h22,t

]
Table 1. Summary statistics of the weekly return series from June 2014 to December 2022.

Dubai KOSPI Large-cp Small-cp
Industry-Specific Portfolios

F&B T&C P&W CHEM PHRM NMM

Mean −0.007 0.0004 0.0004 0.0006 −0.0002 0.0010 0.0001 0.0006 0.0028 0.0019
Std. 0.051 0.025 0.025 0.031 0.028 0.037 0.037 0.033 0.045 0.043
Max. 0.303 0.128 0.147 0.111 0.107 0.177 0.150 0.145 0.179 0.178
Min. −0.276 −0.141 −0.132 −0.203 −0.134 −0.183 −0.241 −0.162 −0.183 −0.182
Skew. −0.032 −0.559 −0.186 −1.557 −0.280 0.033 −1.058 −0.300 −0.235 −0.129

Kurtosis 8.661 6.136 5.904 8.344 2.065 3.231 7.209 3.519 2.375 3.042
J.B. 1306.42 677.60 609.62 1381.45 79.75 181.88 983.27 222.00 102.08 162.36

ADF. −6.12 −6.66 −6.62 −6.83 −6.28 −6.04 −6.72 −5.71 −6.42 −7.06

Industry-Specific Portfolios

SMM MACH E&E PM T&E DIST P&G CON WRH TEL FIN

Mean −0.0002 −0.0001 0.0017 0.0002 −0.0007 −0.0009 −0.0008 −0.0013 −0.0004 0.0005 −0.0004
Std. 0.037 0.038 0.034 0.048 0.038 0.028 0.034 0.041 0.036 0.029 0.029
Max. 0.150 0.106 0.196 0.140 0.219 0.110 0.134 0.108 0.138 0.095 0.153
Min. −0.192 −0.226 −0.129 −0.238 −0.220 −0.148 −0.176 −0.189 −0.180 −0.129 −0.167
Skew. −0.259 −0.913 0.233 −0.456 −0.025 −0.477 −0.132 −0.356 −0.172 −0.572 −0.453

Kurtosis 2.338 3.741 2.744 1.795 6.818 3.354 2.742 1.174 2.827 1.831 6.442
J.B. 99.86 301.74 134.90 70.64 809.75 211.76 132.17 32.83 141.27 81.22 737.07

ADF. 6.28 −7.12 −6.67 −6.29 −7.20 −6.81 −6.59 −7.44 −6.19 −6.74 −6.71

The matrix Ht is symmetric since Ht = H′
t , and it is a positive definite at all t. Thus, a

general full and diagonal BEKK model with a n × n parameters matrix and restrictions of
scalar a and b is expressed as follows:

Ht = C·C′ +
p

∑
i=1

K

∑
k=1

Aik·
(
ϵt−iϵ

′
t−i

)
·A′

ik +
q

∑
j=1

K

∑
k=1

Bjk·Ht−j·B′
jk

where A and B are parameters matrices in aspiration of obtaining a positive H, and C is
a lower triangular matrix. Because p = q = 1, the final model of a BEKK for this paper
becomes as follows:

Ht = M + A·
(
ϵt−1ϵ′t−1

)
·A′ + B·Ht−1·B′

The background reason for p = q = 1 is that the time-series oil prices and stock price
data show statistically significant (squared) standardized residuals by using GARCH (1, 1)
tests through order up to 36 lags according to Choi (2021). Also, M in the above model
is an indefinite matrix because M = C·C′. Thus, the above model allows this paper to
estimate the time-varying correlation between the unexpected components of oil and stock
market log returns: Cor(e t,stock, et,oil

)
through the quasi-maximum likelihood estimators

(QMLE). McAleer et al. (2008) proved that the QMLE of the parameters of the diagonal
BEEK models were consistent and asymptotically normal. The elements of the matrices A
and B reflect the impact of shocks in individual markets and the persistence of shocks in
each individual market, respectively. In specific, the matrix A provides information about
“direct” shock spillovers and “indirect” shock spillovers. The “direct” effect means that the
conditional variance in an individual market reacts to its own lagged shocks and/or lagged
shocks in other markets, and the “indirect” effect means that the conditional variance in an
individual market reacts to any combination of the lagged shocks cross-terms. The matrix
B not only tells the “direct” volatility spillovers, meaning that the conditional variance in
an individual market responds to its own lagged volatility and/or to lagged volatility in
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the other markets but also the “indirect” volatility spillovers, meaning that the conditional
variance in individual market responds to any lagged covariance. Market volatility, which
is interpreted as the market uncertainty risk, is the key variable for the spillover effect
analysis (Jurado et al. 2015; Haddad et al. 2023).

4. Empirical Results

Firstly, by estimating the matrices A and B in the diagonal BEKK model, this paper
discovers the direct and indirect spillover effect from the Dubai oil market to the Korean
stock market. As shown in Table 2, the covariance coefficients of matrices A and B for all the
portfolios are estimated significantly at 1% and 5% levels, except for two coefficients. These
results ensure the existence of direct shock spillover effects from Dubai oil prices to Korean
stock portfolio returns, as well as indirect volatility spillovers from Dubai oil prices to
Korean stock portfolio returns. It is important information for investors and policymakers
to perceive the existence of both shock and volatility spillover effects from the international
oil market to the Korean stock market because appropriate hedging strategies for oil market
risks should be prepared.

Table 2. Variance coefficients of the matrices A and B in a diagonal BEKK model.

Portfolio Index A(1, 1) A(2, 2) B(1, 1) B(2, 2)

KOSPI 0.2818 (0.10) ** 0.8213 (0.35) * 0.9414 (0.02) ** 0.6549 (0.14) **
Large-cp 0.6861 (0.28) ** 0.2750 (0.09) ** 0.6841 (0.14) ** 0.9404 (0.02) **
Small-cp 0.7571 (0.27) ** 0.2637 (0.19) ** 0.4670 (0.22) * 0.9374 (0.02) **

F&B 0.4897 (0.02) ** 0.2458 (0.05) ** 0.1125 (0.61) 0.9361 (0.02) **
T&C 0.5714 (0.16) ** 0.2389 (0.05) ** 0.6667 (0.14) ** 0.9412 (0.02) **
P&W 0.5704 (0.18) ** 0.2639 (0.07) ** 0.8284 (0.07) ** 0.9384 (0.02) **

CHEM 0.2823 (0.08) ** 0.6026 (0.21) ** 0.9286 (0.03) ** 0.7808 (0.09) **
PHRM 0.3368 (0.13) ** −0.1625 (0.10) 0.9426 (0.02) ** 0.9812 (0.01) **
NMM 0.2774 (0.07) ** 0.6140 (0.22) ** 0.9380 (0.02) ** 0.8489 (0.05) **
SMM 0.2361 (0.05) ** 0.1826 (0.07) ** 0.9470 (0.02) ** 0.9835 (0.01) **

MACH 0.2792 (0.08) ** 0.3892 (0.16) ** 0.9298 (0.03) ** 0.7888 (0.16) **
E&E 0.3080 (0.10) ** −0.6067 (0.28)* 0.9425 (0.02) ** 0.2032 (0.59)
PM 0.2320 (0.05) ** 0.5491 (0.18) ** 0.9403 (0.02) ** 0.5657 (0.23) **
T&E 0.2348 (0.05) ** 0.4376 (0.12) ** 0.9435 (0.02) ** 0.8761 (0.05) **
DIST 0.2594 (0.07) ** 0.5560 (0.20) ** 0.9396 (0.02) ** 0.7021 (0.15) **
P&G 0.2656 (0.07) ** 0.4072 (0.19) ** 0.9344 (0.02) ** 0.6662 (0.27) *
CON 0.2123 (0.04) ** 0.4402 (0.12) ** 0.9479 (0.02) ** 0.9144 (0.04) **
WRH 0.2509 (0.07) ** 0.5621 (0.18) ** 0.9354 (0.02) ** 0.7656 (0.11) **
TEL 0.2577 (0.05) ** 0.2163 (0.09) ** 0.9278 (0.02) ** 0.9554 (0.05) **
FIN 0.2833 (0.09) ** 0.3245 (0.12) ** 0.9365 (0.02) ** 0.9371 (0.03) **

* and ** mean significance levels at 5% and 1%, respectively. Numbers in parentheses are standard errors.

For a simple robustness check, we retested a volatility spillover effect of the Dubai
oil market on each portfolio return by using an extended GARCH (1, 1) as Choi (2021)
suggested. The GARCH (1, 1) volatility equation is h2

i,t = ω+ δiu2
i,t−1 + θih2

i,t−1 + ρ1,jh2
oil.t +

ρ2,jh2
oil,t−1, showing that h2

i,t is the variance of each i’s portfolio returns as a GARCH (1, 1)
process in which the conditional variance equation depends on a set of variables: its
own past squared residuals (u2

t−1), the lagged variance term (h2
t−1), the variance of oil

market returns (h2
oil.t), and the lagged variance of oil market returns (h2

oil.t−1). To avoid
redundancy, Table 3 only shows the estimated results on ρ1 and ρ2, which implies the
current volatility spillover and lagged volatility spillover effect, respectively. We find that,
out of the 20 portfolio indexes, 12 portfolios have statistically significant lagged volatility
spillover effects (ρ2) from the oil market, while only a couple of portfolios, textile, cloth, and
chemical, have significant current volatility spillover effects. The results by an extended
GARCH (1, 1) are unable to perfectly check the robustness of the BEKK results, but it
is successful in supporting the BEKK results in the perspective that most of the Korean
stock market portfolios are exposed to the oil market volatility. Furthermore, the results
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by an extended GARCH (1, 1) even present a better performance of the BEKK model
for estimating a significant relationship between the oil market and stock market than a
standard time-series model as Zalfaghari et al. (2020) argued.

Table 3. Variance coefficients of an extended GARCH (1, 1) model.

ρ1 ρ2 ρ1 ρ2

KOSPI 0.00006 9.82 × 10−8 ** MACH 0.00298 2.14 × 10−7 **
Large-cp 0.00269 0.00000 E&E 0.00072 7.65 × 10−7 **
Small-cp 0.00155 2.18 × 10−8 PM 0.00096 1.84 × 10−7 **

F&B 0.00204 7.94 × 10−8 ** T&E −0.00014 8.16 × 10−8 **
T&C 0.00605 ** 9.70 × 10−8 DIST 0.00168 6.50 × 10−8 *
P&W 0.00031 0.00000 P&G −0.00045 7.63 × 10−8 **

CHEM 0.00313 * 6.98 × 10−8 ** CON 0.00318 0.00000
PHRM 0.00383 8.84 × 10−8 WRH 0.00363 0.00015 **
NMM 0.00071 0.00000 TEL 0.00147 7.41 × 10−8 **
SMM 0.00130 7.24 × 10−8 ** FIN 0.00118 0.00000

* and ** mean significance levels at 5% and 1%, respectively.

Secondly, in order to check whether the spillovers vary with time, this paper finds the
time-varying conditional covariance between individual portfolio returns and Dubai oil
prices from 2014 to 2022. As displayed in Figure 4, the covariance rose dramatically during
the year 2020, in particular. The year 2020 was the time when COVID-19 broke out, and its
threat was most serious, implying that the risk and uncertainty in international commodity
and financial markets reached a peak during the recent decade. Among the portfolios,
two energy-oriented portfolios, such as the power and gas portfolio and the chemical
portfolio, had the greatest rise, which went over 0.03 during the year 2020. Therefore,
it is concluded that the spillover effect from the international crude oil markets to the
Korean stock market was the greatest in the year 2020 during the recent decade due to the
greatest risk and uncertainty in the international commodity and financial markets, and the
energy-oriented portfolios were the greatest over other portfolios. Thus, the sensitivity of
the energy-oriented portfolio to the oil market risk reminds the investors in Korean energy
industries why they should pay closer attention to the international oil markets.

Thirdly, this paper finds additional heterogeneity in the spillover effect across port-
folios. It was found that small-capitalization portfolios had higher coefficients for all the
matrices in relation to large-capitalization portfolios. This finding can be explained by
the firm’s characteristics in operational and financial capabilities. From the perspective of
business economics, it is plausible that small firms are more likely to be vulnerable to exter-
nal risk and uncertainty than large firms because small firms have fewer operational and
financial capabilities than large firms. Thus, the small-capitalization portfolio has a greater
spillover effect from the international oil market than the large-capitalization portfolio.
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5. Conclusions and Further Studies

By employing the “oil/price” diagonal BEKK model as above, this paper estimates the
direct and indirect spillover effects from the Dubai oil market to the Korean stock market
from the first week of June 2014 to the last week of December 2022.
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The empirical results suggest that all the covariance coefficients between Dubai oil
prices and individual portfolio returns are statistically significant, implying that the direct
(shock) and indirect (volatility) spillover effects from Dubai oil prices to Korean stock
portfolio returns exist. Also, this paper examines whether the spillover effects change by a
specific time period or a specific portfolio. The time-varying conditional covariance reveals
that the spillover effect dramatically increased in the year 2020 when the threat of COVID-
19 was the most serious. It provides an implication that the Korean stock market tended
to be affected more by the international crude oil market when the risk and uncertainty
in international commodity and financial markets were greater because the economy of
Korea highly depends on crude oil imports as well as international trade. Among the
portfolios, the energy-oriented portfolios, such as the power and gas portfolio and the
chemical portfolio, had the greatest spillover effects by taking more than 0.003 covariance
values in 2020.

In addition, the portfolio-level analysis reveals that the small-capitalization portfolio
has greater spillover effects than the large-capitalization portfolio. This finding is plausible
because small firms have fewer operational and financial capabilities than large firms,
in general. Considering the greater spillover effect for small-capitalization firms, the
“fight-to-quality” phenomenon is regarded as a rational investor behavior because small-
capitalization firms could be a riskier asset than large-capitalization firms.

The findings and implications of this paper are meaningful in three aspects. First,
the case of Korea provides clear evidence of the oil/stock relationship because Korea
is a representative economy that has a higher economic dependency on crude oil im-
ports. Second, the portfolio-specific analysis of this paper helped detect differences in the
oil/price relationships across portfolios. Third, the “oil/price” diagonal BEKK analysis
and conditional covariance analysis helped check how a spillover effect varies with time,
which is distinguished from the time-static analysis. Especially, since the time span for
time-varying analysis included the COVID-19 pandemic years, this paper provides clear
evidence of the oil/stock market linkage for the turbulent time of international commodity
and financial markets.

Although this paper makes meaningful results and implications, as those above, there
still exist limitations in this paper. First of all, we point out the modeling issue. Although
it is often cited that a diagonal BEEK is more reliable than DCC and a full BEKK model
(McAleer 2019a, 2019b; Zalfaghari et al. 2020), it is necessary to test and clarify different
performances across the models for different analysis environments, such as specific time
periods, country sets, events, and so on. Especially when considering the financial crisis
outbreak, the contagion models, such as Forbes and Rigobon (2002) or Fry et al. (2010),
could be useful as an application model. Similarly, we perceive that a “bilateral” BEKK
model is limited in identifying a flow path of the oil market effect into other portfolios.
For instance, it would be clarified which portfolio was affected first or last by Dubai oil
price shocks and volatility if a model is developed for detecting the subsequent effects from
the oil market to the stock market. Also, it is necessary to check whether Dubai oil is the
best representation of the international crude oil market. Because Korea has been reducing
the share of Dubai oil to total crude oil imports continuously, it is necessary to check the
role of Dubai oil in Korea and compare Dubai oil prices with other benchmark crude oil
prices, such as WTI, Brent, and Oman, for the best choice. Finally, since it was found that
three portfolios (pharmaceuticals, machinery, and telecommunication) had the greatest
conditional covariance not in 2020 but in 2015, it is necessary to find an industry-specific
reason for these portfolios. These limitations remain for future research topics.
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