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Abstract. In the context of financial globalization, the transmission of turbulence from one
market to another is intensifying, which is called financial contagion. The article analyses
the transmission of contagion from the world oil market to the stock markets of different
countries during the COVID-19 pandemic and new anti-Russian sanctions, accompanied
by global energy and food crises. The analysis involved the returns of 16 stock indices and
Brent oil futures. Contagion was tested by constructing DCC GARCH models and calculating
Student’s t-test for potential crisis periods that were identified using a sliding window within
periods of pandemic and new sanctions. The study found that oil market contagion to stock
markets was on average higher during the 2020 pandemic shock, slightly lower during the 2021
energy crisis, and even lower during the period of new anti-Russian sanctions. It revealed the
greater sensitivity of the European and American stock markets to turmoil in the oil market,
the synchronicity of contagion of both European and American indices, the short duration of
shocks in Asian markets and their low propensity for contagion from the oil market. It revealed
an atypically high dependence of the Russian RTS index on the state of the oil market during the
pandemic, which significantly decreased during the period of new anti-Russian sanctions. The
results obtained can be used by institutional and individual investors when forming effective
investment portfolios, and by regulatory authorities when managing financial stability during
periods of external shocks in order to protect national interests.
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Huoicecopoockuil eocyoapemeennvlii yHusepcumen
um. H U. Jlobauescrozo
Poccutickas ®edepayus, Huxcnuii Hoseopoo

AHHOTamus. B ycnoBusax ¢uHAHCOBOU TiI0o0aln3aliy yCHINBACTCS Iepenada
TypOyJIC€HTHOCTH OT OJHUX PBIHKOB IPYTHM. DTOT MPOIECC MOIYYHT HA3BaHUE
(uHAHCOBOTO 3apakeHNsI. B cTarhe aHamM3MpyeTcs mepegada 3apakeHust 0T MUPOBOTO
He(TSIHOTO pHIHKA (DOHIOBBIM PHIHKAM Pa3HBIX CTpaH B nepuof mangemun COVID-19
Y HOBBIX aHTUPOCCUICKUX CaHKINH, COMTPOBOKIABIINXCS MUPOBBIM YHEPTETHICCKAM
U TIPOIOBOJICTBEHHBIM KpU3UcaMu. B aHami3e yuacTBoBa Iy JOXOTHOCTH 16 (OHTOBBIX
HHIICKCOB U (pprodepcoB HedTi Mapku Brent. TectupoBanue 3apaskeHUs OCYIIECTRISUIOCH
Ha ocHoBe nocTpoeHust DCC GARCH-mopeneit u tecra CThioieHTa JUIsl TOTEHITHATBHBIX
TIEPUOJIOB 3apaKCHHS, KOTOPBIC BRIIBILUIACE C MTOMOIIBIO CKOJB3SIIEr0 OKHA BHYTPH MEepro/Ia
TIAHJICMUH ¥ HOBBIX CAHKIHIA. B pesynsrare ncciueoBaHus JOKa3aHO B CPEIHEM OOoJIbIIce
3apakeHue (HOHIOBLIX PHIHKOB OT OMP)KEBOTO PHIHKA HE(MTU B IEPUO ITAHIEMUYECKOTO IIIOKA
2020 roya, HECKOIBKO MEHbIIIEE 3apayKeHHE B ITEPUO]] dYHepreTuaeckoro kpusuca 2021 roma
U eIlle MCHBIIIee 3apaKeHHNE B IEPHO HOBBIX aHTHPOCCUHCKUX CAHKITUH. YCTaHOBJICHA
OoJbIIIast IyBCTBUTEIHHOCTH €BPOIIEHCKOTO H aMEPHKAHCKOTO (DOHTOBBIX PHIHKOB K IIIOKaM
HEe(TSHOTO PHIHKA, CHHXPOHHOCTD 3apaXCHHSI CBPOICHCKUX, a TAK)KE aMEPHKAHCKIX
WH/IEKCOB, KPAaTKOBPEMEHHOCTH IIIOKOB HA a3MaTCKUX PBIHKAX M WX HHU3Kasl CKIIOHHOCTh
K 3apa)XCHHIO OT pHIHKA He(TU. Jl0Ka3aHa HeTUIIMIHO BBICOKAS 3aBICUMOCTE POCCHIICKOTO
unanexca PTC ot cocTostHus pIiHKa He()TH B IEPUOJ ITAHAEMIH, KOTOpas B 3HAYUTEIHHON
CTEIICHH CHIDKACTCS B IEPHO]] HOBBIX aHTHPOCCUIICKUX CaHKITHH. [loyueHHbIe pe3yIbTaThl
MOTYT OBITH ITOJIE3HBIMH HHCTUTYIIMOHAIBFHBIM W WHAUBHIYaIbHBIM HHBECTOPAM IIPH
(bopMupoBaHUH YPPEKTUBHBIX HHBECTUIIMOHHBIX MOPT(heel, peryIupyomnuM opranam
TIPH yTIpaBJIeHNN (PUHAHCOBOH CTaOMIBHOCTHIO B TIEPUOABLI BO3ICHCTBUS BHEITHAX IIIOKOB
IUTS 3AIIUTHl HAITHOHAJIBHBIX HHTEPECOB.

KaroudeBble ciaoBa: puHaHcoBoe 3apaxkenue, nannemus COVID-19, rmoGanpHbIi
SHEePreTUYeCcKuil Kpusuc, pprouepc HedTH Mapku Brent, (hoHIOBBIC HHAECKCHI, MOJICIb
DCC GARCH.

Hayunas cnieunansHocTh: 5.4.4. CounanbHas CTPYKTypa, COLMAIbHbIe HHCTUTYTHI
Y TIpoLiecchl (COLMONIOTHYeCKHe HayKH); 5.2.4. DUHAHCHI.
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https://rscf.ru/project/23—28-00453/

Hutuposanne: Mankuna M. 10. ®dunancoBoe 3apaxenne GOHIOBOTO pbIHKA OT peiHKa HepTu: DCC
GARCH-anamus. JKypn. Cub. gpedep. yn-ma. [ ymanumapnvie nayxku, 2024, 17(12), 2284-2296. EDN:
DBULXN

-2285 -



Marina Yu. Malkina. Financial Contagion of Stock Markets from the Oil Market: DCC GARCH Analysis

Introduction

The 20s of the 20th century were marked
by increased global turbulence in world financial
markets. The pandemic shock of 2020, which
caused a sharp reduction in supplies and a
collapse in prices on the oil market, gave way
to the global energy crisis of 2021, accompanied
by an acute shortage of energy resources (oil, gas,
and electricity), a significant increase in natural
gas prices and their volatility. The energy crisis
worsened in 2022 in the context of the Russian-
Ukrainian military conflict: the destruction of
previous energy supply chains from Russia to
developed countries caused shortage of energetic
resources and a new rise in their prices. Due to
interruptions in the supply of energy, fertilizers
and grains, a food crisis broke out in the world in
2022-2023. At this time, stock markets in many
countries showed a quick and sharp response to
energy shocks. Scholars have intensified their
research into financial contagion processes in
global financial markets.

According to the definition given by Forbes
and Rigobon (2002), financial contagion is not
just a comovement, but a significant change in
the nature and strength of market relationships
under the impact of external shocks. Researchers
discovered and studied different channels of
transmission of financial contagion: trade,
financial, informational, macroeconomic,
political, etc. (Guidolin, Pedio, 2017; Grillini et
al., 2022). The hypersensitivity of stock markets
to oil shocks is also due to various reasons: the
importance of oil as a factor of production;
inclusion in stock indices of capitalization of oil
companies and companies directly or indirectly
related to the oil market; the behavior of brokers
who combine oil futures and stock assets in their
investment portfolios and similarly respond to
negative market signals; the impact of oil prices
on a number of macroeconomic parameters
(such as exchange rates and inflation) and
corresponding adjustments in state economic
policy.

The purpose of this study is to identify and
dynamically assess the financial contagion of
stock markets in different countries from the
Brent oil market during the period of pandemic,
post-pandemic and new global shocks associated
with the Russian-Ukrainian military conflict.

According to the research hypothesis, contagion
of stock indices should be observed during a
period of significant increase in turbulence in the
oil market; meanwhile, stock markets of different
countries should show different sensitivity to oil
shocks. This can be explained by the different
volume and structure of energy consumption in
different regions of the world, different portfolio
strategies of stock market players, and the
peculiarities of national macroeconomic policies.

Literature Review

Previously, scientists studied the financial
contagion of different markets during various
crises: the crisis in Asian stock and debt markets
(Chiang et al., 2007; Kenourgios et al., 2013),
global financial crisis of 2008—200 (Syllignakis,
2011; Bonga-Bonga, 2018), mortgage crisis in the
USA (Hemche et al., 2016), debt crisis in Europe
(Alexandre, Heliodoro, 2019; Campos-Martins,
Amado, 2022). More recent works are devoted
to the analysis of financial contagion during the
COVID-19 pandemic of 2020-2021 (Yildirim et
al., 2022; Chen et al., 2023; Zhang et al., 2023;
Salem et al., 2024) and Russian-Ukrainian
military conflict of 2022-2024 (Kayani et al.,
2023; Mohammed et al., 2023; Mejri et al., 2024;
Salem et al., 2024).

A number of researchers have studied the
transmission of contagion within the same market
or between similar markets: stock, debt, banking,
foreign exchange, etc. They analysed the cross-
country (Kenourgios et al., 2013; Bonga-Bonga,
2018), cross-industry (Malkina, Balakin, 2023;
Wu et al., 2024), cross-company (Fijorek et
al., 2021; Malkina, Rogachev, 2023) financial
contagion.

Other researchers have explored the
transmission of contagion between different
types of markets. For example, Zhang et al.
(2023) studied the spread of contagion between
the banking, stock, insurance and real estate
markets of China in 2009—2021. Using the DCC-
GARCH-CONNECTEDNESS approach, Salem
et al. (2024) analysed the joint movement of oil
prices and exchange rates in 10 countries in
2018-2023 and proved the impact of COVID-19
and the Russian-Ukrainian military conflict on
this relationship.
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In the context of our research, the works
devoted to the contagion of stock markets by the
oil market are of particular interest. For example,
Wen et al. (2022) analysed the spread of risk in
the world oil market, Chinese markets for raw
materials and stock assets. The authors concluded
that the world oil market has a greater impact on
Chinese commodity markets than on Chinese
equity markets. Other authors (Chen, Sun, 2023)
studied the two-way transmission of contagon
between crude oil and energy-intensive sectors
in China. They found that the worst contagion
comes from crude oil to China’s coal sector,
followed by the petrochemical sector. However,
in certain periods, crude oil itself becomes a
net recipient of contagion from China’s energy-
intensive sectors.

Zhang, Hamori (2021) used data from
the US, Japan and Germany in 2020 to study
the returns and volatility spillover in crude oil
and stock markets during the 2020 COVID-19
pandemic. They concluded that the impact of
COVID-19 on oil and stock market volatility
exceeded that of the 2008 global financial crisis
and has long-term consequences.

Liu et al. (2022) built a multidimensional
CoVaR network to measure conditional financial
contagion and the spread of risks from oil
markets to stock markets of G20 countries. The
authors found that North American countries
were the most sensitive to oil shocks, while
Asian countries did not feel them at all. Using
the method of central co-moments of distribution,
Xue et al. (2024) studied the contagion of stock
indices of 13 countries from the Russian fuel

export market during the COVID-19 pandemic
and the Russian-Ukrainian military conflict.
The authors concluded that stock markets were
more exposed to financial contagion from
the oil market during the Covid-19 pandemic
and from the gas market during the Russian-
Ukrainian conflict. They also proved that
European countries suffered the most, while
Asian countries showed significant resilience
in both crises.

Our current study complements the
studies presented above by using the method
of constructing DCC GARCH models and the
dynamic Student’s test to assess the contagion
of the main stock indices of the United States,
Europe, Asia, Latin America and Russia from
Brent oil futures during the pandemic and
new anti-Russian sanctions. The calculation
of dynamic conditional correlations in these
models enables to trace changes in markets
connectedness (Asaturov, Teplova, 2014;
Guenichi et al., 2022; Nguyen et al., 2022).
The sliding window method, also used in our
study, tracks the waxing and waning of market
contagion over time (Dajcman, 2013; Fry-
McKibbin et al., 2022).

Data and Methods

The study used data from 2014 to April 2024
on average daily prices for Brent crude oil futures
and major stock indices in the US, Europe, Asia,
Latin America and Russia, provided by Investing.
com, an international financial information and
news website. Table 1 shows a list of stock indices
tested for financial contagion from the oil market.

Table 1. Major stock indices involved in the analysis

Index Country Index Country
S&P 500 USA FTSE 100 Great Britain
DJ Industrial USA Nikkei Japan
NASDAQ Composite USA Hang-Seng Hong Kong
STOXX 50 Eurozone KOSPI Republic of Korea
DAX Germany Shanghai-Composite China
CAC 40 France Taiwan Weighted Taiwan
FTSE MIB Italy BOVESPA Brazil
IBEX35 Spain RTS Russia

Source. Author’s development
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The intersession log returns of oil futures
and stock indices are calculated based on their
average daily prices (P):

7 = In(P;) — In(Pr_y). M

These returns are further involved in the
construction of DCC GARCH models developed
by (Engle, 2022). Testing for contagion is carried
out in several stages'.

1. Constructing simple linear regressions
of the return of each asset of the following type:

rn=put+é, )

where p is constant (intertemporal average
return), €, are the model residuals in period t.

Calculation of conditional variance of
residuals:

vi=w+agt ;| +Bvi,, 3)

o is unconditional variance of returns, o is

ARCH, B is GARCH; v&, = . First o

W
1—a—p
and P are taken equal to zero, so v, = w. They
are then derived from the DCC models through
optimization.
2. Building DCC GARCH models.
Conditional covariance matrix:

Hi =D - R¢ - Dy, ©)

where D, = diag(v,) is diagonal conditional

volatility matrix, where v = |vZ; R, is dynamic
conditional correlation matrix with units on the
main diagonal:

R = ;_1 “Q¢ - ;_1’ ®)
Qt:(1_a_b)‘(_2+a‘£t—1‘£rtr—1’ 6)

Q; = diag(Qy/?), ()

where Q, is symmetric positive definite
conditional covariance matrix of €,; a and b
are non-negative scalar parameters satisfying
the condition a + b < 1 (selected as a result of

optimization); Q is initial (as well as long-term)

! When building DCC GARCH models, we used the video
resource and Excel program provided by NEDL (https://www.
youtube.com/watch?v=d1qEHNIpGog)

unconditional covariance matrix, subjectto a=0
and b= 0.

The selection of model parameters (a, B, ® a
and b) is carried out based on maximizing the
log-likelihood function:

T
logL= ) — % (nInm + In(detHy) +
t=

@®

1
+ g H{tel) >max.

3. Diagnosis of contagion. Suspicion about
the possible contagion of one asset by another
arises when there are sharp jumps in conditional
correlations (diagonal values in R)). Contagion
is ultimately confirmed if the sample average
conditional correlation of two assets in the
shock period (p, ) is statistically significantly
higher than their sample average conditional
correlation in the pre-crisis period (py ). For this,
the Student’s t-test is calculated (Bonga-Bonga,
2018):

ST = py — Px (9)
Var(py) 4 Var(py)
T, T,

where Var(py ) and Var(p, ) are sample variances
of conditional correlation coefficients in the pre-
crisis "x" and crisis "y" periods, respectively;
T.and T, are number of observations in these
periods.

The critical value of Student’s t-test is
determined for 7, + 7, — 4 degrees of freedom at
a given significance level (in our case o= 0,005 ).
If ST > ST_,,,...» there is no reason to deny the
spread of contagion from one asset to another.

When conducting such tests, it is important
to clearly distinguish between the pre-crisis and
crisis periods. A preliminary determination of
the crisis period is carried out on the basis of the
dynamics of the “realized volatility” of the oil
futures return, which is the square of its residuals
(&)

Fig. 1 shows a significant increase in market
volatility of Brent oil futures return during the
period of a sharp drop in oil prices in March-
April 2020 (which coincides with the acute phase
of the pandemic). There are also smaller bursts of
volatility at the end of 2014, 2015 and 2016 (which

are due to increased global tension during the
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Fig. 1. Realized volatility of Brent crude oil (€2)
Source. Author’s development
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Fig. 2. Realized volatility of S&P 100 GLOBAL (g2)

Source. Author’s development

period of Russia’s annexation of Crimea and the
introduction of the first anti-Russian sanctions).
The surge in oil futures volatility in November
2021 is associated with the developing global
energy crisis, and in 2022 with increased global
tensions in the context of the Russian-Ukrainian
military conflict and the introduction of new
anti-Russian sanctions.

For comparison, Fig. 2 shows the realized
volatility of the global S&P 100 index return.
The dynamics of the global stock index as

a whole follows the dynamics of oil prices;
however, bursts of volatility in the S&P 100
occur with some lag and with different intensity.
A similar, although different, picture is typical
for country stock indices.

Further, using a sliding window ap-
proach solves the problem of accurately de-
termining the contagion period. The first
(pre-crisis) window corresponds to a period
with low (below average) oil volatility and
includes observations from 18.09.2019 to
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05.03.2020 inclusive. The number of obser-
vations in this period (T)) for different tested
pairs depends on the number of trading ses-
sions and varies from 110 to 123. The second
(tested as a crisis) window initially includes

43 consecutive observations starting from
06.03.2020 (T, = 43), which corresponds to
a period of increased oil volatility of the
pandemic shock. Then the second window
moves one observation forward, while the
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Fig. 3. Dynamic conditional correlations of returns of Brent oil futures and stock indices
Source. Author’s developmentSource. Author’s development
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first window remains stationary. The conta-
gion test each time refers to the first date of
the second window.

Results and their analysis

Fig. 3 shows the dynamic conditional cor-
relations between the returns of Brent oil and

the tested stock indices, calculated using for-
mulas 1-8.
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Fig. 3. Continued
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Analysis of the data obtained leads to a
number of conclusions. First, the figures con-
vincingly indicate a significant short-term in-
crease in the conditional correlation between
the returns of Brent oil futures and all stock
indices during the acute phase of the pan-
demic (March-June 2020). Second, a smaller
surge in the correlation between a number of
indices and oil futures is observed at the end
of 2021, which is associated with the emerg-
ing energy crisis. Third, the global instabil-
ity of 2022-2023 manifested itself in spikes
and an increase in the range of fluctuations
of the conditional correlation for a number of
American and European indices, as well as in
the Asian indices Nikei, Hang-Seng, Taiwan.
Fourth, the indices of countries in the same
region (USA, Europe, and Southeast Asia)
show similar dynamics. Fifth, the Russian

RTS index shows a large and relatively sta-
ble relationship with oil futures. The growth
of the conditional correlation for the RTS is
not explosive, but rather long-term. However,
during the period of Russia’s special military
operation in Ukraine and the introduction of
new anti-Russian sanctions, the relationship
between the RTS index and oil futures sharply
decreases and then turns out to be significant-
ly lower than in the previous period.

Fig. 4 shows the dynamics of contagion
tests by groups of countries, calculated using
formula 9. The horizontal line shows the criti-
cal Student’s test value.

Analysis of the data obtained leads to a
number of conclusions. First, the synchronic-
ity of the dynamics of test statistics both for
different European indices and for American
indices indicates the simultaneity and equal

¢) Asia

. —STOXX 50 —DAX —CAC40
—S&P 500 ——DJ Industrial
o —FTSE 100 —IBEX-35 FTSE MIB
NASDAQ ——ST critical —ST ecritical
a) USA b) Europe
10 80
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z I
2 () S——
2 s AR
-4 U - =
- & T
8 -
-10 -100 U
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$ PO IR R G
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—Nikkei ——Hang-Seng —KOSPI
——Shanghai ——Taiwan  ——ST_critical —BOVESPA ——RTS ——ST critical

d) Russia and Brazil

Fig. 4. Student’s T-statistics for contagion and its critical value

Source. Author’s development
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intensity of contagion within the same region.
Some exception is the NASDAQ Composite in-
dex, which shows significantly lower intensity
and duration of contagion during the period
of pandemic shock and energy crisis than the
US S&P 500 and DJ Industrial indices. A cer-
tain, but much less synchronicity is inherent
in the Asian indices, as well as the Brazilian
BOVESPA with other indices. The dynamics
of contagion of the RTS index from oil futures
completely go beyond the general patterns.
The largest and longest-lasting RTS contagion
occurs during the pandemic; far less conta-
gion takes place during the 2021 energy crisis.
During the period of new sanctions, there was
a significant decrease in the connection of the
RTS with the world oil market.

Second, on average, American and Euro-
pean indices are characterized by significantly
greater contagion from the oil market than the
Brazilian BOVESPA and, even more so, Asian
indices (where contagion is short-term and
characteristic only of individual indices, such
as the Hang-Seng). The Russian RTS index, on
the contrary, before the new sanctions period
shows the highest connection with the oil mar-
ket; during this period the connection becomes
insignificant.

Third, for American and European indices
the pandemic turned out to be more contagious
than the energy crisis. No such pattern was
found for the Asian and Latin American indi-
ces. The peak of contagion of the Italian FTSE

MIB in April 2023 may be associated with the
approval of Lukoil’s deal to sell its ISAB oil
refinery on the island of Sicily to G.O.1. Energy.

Table 2 presents general statistics on the
duration and intensity of contagion of various
stock indices from Brent oil futures in the peri-
od under review.

These results also indicate greater sen-
sitivity of US and European indices to oil
shocks. Among European indices, the Ital-
ian FTSE MIB, Spanish IBEX 35 and British
FTSE 100 demonstrate the strongest response
to oil shocks. Asian indices show minimal
propensity to receive contagion from the oil
market. At the same time, no cases of con-
tagion were detected for the Shanghai in-
dex. Among Asian indices, the Hong Kong
Hang-Seng was the most affected. Brazil’s
BOVESPA showed a medium propensity
for contagion, both in the number of con-
firmed cases and in intensity. The Russian
RTS demonstrated the maximum intensity of
contagion. However, a separate analysis be-
fore 02.24.2022, Russia’s announcement of a
special military operation (SMO) in Ukraine,
and after this date leads to different conclu-
sions. All cases of RTS contagion occur in
the period before the SMO, with an incidence
of 83.8 % and an intensity of 16.12.

Conclusion

Financial contagion manifests itself as an
increase in the degree of interaction between

Table 2. Generalization of the financial contagion of stock indices from Brent oil futures
in March 2020 - April 2024

Index Confirmed Intens%ty Index Confirmed Intensi.ty
cases,%* of contagion** cases,%* of contagion**

S&P 500 477 3.642 FTSE 100 62.1 2.352

DJ Industrial 51.5 3.036 Nikkei 5.0 0.281
NASDAQ 20.7 1.100 Hang-Seng 17.6 0.757
STOXX50 424 1.526 KOSPI 3.8 0.170
DAX 534 2.308 Shanghai 0.0 -

CAC 40 38.9 1.332 Taiwan 0.4 0.280
FTSE MIB 64.2 3.555 BOVESPA 31.9 1.331
IBEX35 50.2 2.945 RTS 427 16.200

* Calculated as the share of confirmed contagions in a dynamic window
** Calculated as the relative excess of the test statistic over its critical value in confirmed cases of contagion
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different markets under the influence of exter-
nal shocks.

This article tested the contagion of 16 ma-
jor stock indices in the US, Europe, Asia, Latin
America and Russia from Brent oil futures un-
der conditions of pandemic and post-pandemic
shocks, as well as shocks during the Russian
special military operation in Ukraine. Conta-
gion testing was carried out by constructing
DCC GARCH models and calculating Stu-
dent’s t-statistics in a dynamic window, which
made it possible to clearly identify periods of
contagion and its intensity.

The study confirmed the contagion of the
stock markets of the countries under study from
the oil market both during the acute phase of the
pandemic in 2020, the energy crisis in 2021, and
global market turbulence amid the SMO and new
anti-Russian sanctions in 2022-2023. Moreover,
during the pandemic, the level of contagion of
markets on average turned out to be noticeably
higher than during periods of the energy crisis
and new sanctions. American and European
stock markets demonstrated significantly great-
er sensitivity to oil shocks than Latin American
and, especially, Asian markets. Different Ameri-

References

can stock indices and European indices of differ-
ent countries are characterized by synchronicity
of contagion, which indicates their identical reac-
tion to external shocks. The Russian RTS index
demonstrated constant and greatest exposure to
the influence of the global oil market before the
start of the new sanctions period. With the entry
into this period, RTS gradually and largely loses
its sensitivity to the external oil market, which is
explained both by the limitation of Russian oil
supplies to foreign markets, regulation of its pric-
es, and by the development of non-oil capitaliza-
tion of the Russian stock market.

Thus, the research hypothesis that conta-
gion of stock indices is observed during a pe-
riod of significant increase in turbulence in the
oil market, but stock markets of different coun-
tries show different sensitivity to oil shocks,
was confirmed.

The methods used and the results obtained
in this study are useful for exchange players
when optimizing investment portfolios in the
face of new external shocks, as well as for reg-
ulators when adjusting anti-crisis policies in
conditions of global turbulence to protect na-
tional interests.

Asaturov K. G., Teplova T.V. Effekty peretekaniya volatil'nosti i zarazheniya na fondovyh rynkah:

opredelenie global’'nyh i lokal'nyh liderov (chast’ 1) [Volatility spillover and contagion effects on stock
markets: global and local leaders determination (part 1)]. In: Vestnik Moskovskogo universiteta. Seriya 6.
Ekonomika [Bulletin of Moscow University. Series 6. Economics], 2014, 5, 3-26. Available at https://rucont.
ru/efd/387133 (accessed 24.05.2024).

Alexandre P., Heliodoro P., Dias R. The contagion effect in Europe: a DCC GARH approach. In: LI-
MEN 2019 Conference Proceedings, 2019, 73-79. DOI: 10.31410/LIMEN.2019.73.

Bonga-Bonga L. Uncovering equity market contagion among BRICS countries: An application of
the multivariate GARCH model. The Quarterly Review of Economics and Finance, 2018, 67, 36—44. DOI:
10.1016/j.qref.2017.04.0009.

Campos-Martins S., Amado C. Financial market linkages and the sovereign debt crisis. Journal of
International Money and Finance, 2022, 123, 102596. DOI: 10.1016/j.jimonfin.2021.102596.

Chen B., Sun Y. Extreme risk contagion between international crude oil and China’s energy-intensive
sectors: New evidence from quantile Granger causality and spillover methods. Energy, 2023, 285, 129468.
DOI: 10.1016/j.energy.2023.129468.

Chen Y., Xu J., Miao J. Dynamic volatility contagion across the Baltic dry index, iron ore price and
crude oil price under the COVID-19: A copula-VAR-BEKK-GARCH-X approach. Resources Policy, 2023,
81, 103296. DOI: 10.1016/j.resourpol.2023.103296.

Chiang T.C., Jeon B.N., Li H. Dynamic correlation analysis of financial contagion: Evidence from
Asian markets. Journal of International Money and Finance, 2007, 26(7), 1206—1228. DOI: 10.1016/j.ji-
monfin.2007.06.005.

-2294 -



Marina Yu. Malkina. Financial Contagion of Stock Markets from the QOil Market: DCC GARCH Analysis

Dajcman S. Forbes and Rigobon’s Method of Contagion Analysis with Endogenously Defined Crisis
Periods — an Application to Some of Eurozone’s Stock Markets. Inzinerine Ekonomika-Engineering Eco-
nomics, 2013, 24(4), 291-299. DOIL: 10.5755/j01.ce.24.4.5419.

Engle R. Dynamic Conditional Correlation: A Simple Class of Multivariate Generalized Autoregres-
sive Conditional Heteroskedasticity Models. Journal of Business & Economic Statistics, 2002, 20(3), 339—
350. DOIL: 10.1198/073500102288618487.

Fijorek K., Jurkowska A., Jonek-Kowalska I. Financial contagion between the financial and the mining
industries — Empirical evidence based on the symmetric and asymmetric CoVaR approach. Resources Pol-
icy, 2021, 70, 101965. DOI: 10.1016/j.resourpol.2020.101965.

Forbes K., Rigobon R. No contagion, only interdependence: Measuring stock market comovements.
In: Journal of Finance, 2002, 57, 2223-2261. DOI: 10.1111/0022-1082.00494.

Fry-McKibbin R., Greenwood-Nimmo, M., Hsiao, C. Y.-L., Qi, L. Higher-order comoment conta-
gion among G20 equity markets during the COVID-19 pandemic. In: Finance Research Letters, 2022, 45,
102150. DOLI: 10.1016/j.r1.2021.102150.

Grillini S., Ozkan A., Sharma A. Static and dynamic liquidity spillovers in the Eurozone: The role of
financial contagion and the Covid-19 pandemic. In: International Review of Financial Analysis, 2022, 83,
102273. DOI: 10.1016/j.irfa.2022.102273.

Guenichi H., Chouaibi N., Khalfaoui H. Contagion effect of migration fear in pre and European ref-
ugee’s crisis period: evidence from multivariate GARCH and wavelet empirical analysis. In: Comparative
Migration Studies, 2022, 10, 20. DOIL: 10.1186/s40878—022-00292-2.

Guidolin M., Pedio M. Identifying and measuring the contagion channels at work in the European
financial crises. In: Journal of International Financial Markets, Institutions and Money, 2017, 48, 117-134.
DOI: 10.1016/.intfin.2017.01.001.

Hemche O., Jawadi F., Maliki S.B., Cheffou A.I. On the study of contagion in the context of the sub-
prime crisis: A dynamic conditional correlation—multivariate GARCH approach. In: Economic Modelling,
2016, 52(A), 292-299. DOI: 10.1016/j.econmod.2014.09.004.

Kayani U.N., Hassan M K., Moussa F., Hossain G.F. Oil in crisis: What can we learn. In: The Journal
of Economic Asymmetries, 2023, 28, ¢00339. DOI: 10.1016/j.jeca.2023.e00339.

Kenourgios D., Asteriou D., Samitas A. Testing for asymmetric financial contagion: New evidence
from the Asian crisis. In: The Journal of Economic Asymmetries, 2013, 10(2), 129—137. DOI: 10.1016/j.
jeca.2014.02.001.

Liu B.-Y,, Fan Y., Ji Q., Hussain N. High-dimensional CoVaR network connectedness for measuring
conditional financial contagion and risk spillovers from oil markets to the G20 stock system. In: Energy
Economics, 2022, 105, 105749. DOI: 10.1016/j.eneco0.2021.105749.

Malkina M. Yu., Balakin R.V. Mezhotraslevye effekty zarazheniya v rossijskoj ekonomike pod vli-
yaniem pandemicheskogo shoka [Intersectoral contagion effects in the Russian economy under the pan-
demic shock]. In: Russian Journal of Economics and Law, 2023, 17(2), 307-326. DOI: 10.21202/2782—
2923.2023.2.307-326.

Malkina M. Yu., Rogachev D. Yu. Financial Contagion of Russian Companies during the COVID-19
Pandemic. In: Journal of Corporate Finance Research, 2023, 17(3), 55-71. DOI: 10.17323/j.jcfr.2073—
0438.17.3.2023.55-71.

Mejri S., Aloui C., Khan N. The gold stock nexus: Assessing the causality dynamics based on
advanced multiscale approaches. In: Resources Policy, 2024, 88, 104395. DOI: 10.1016/j.resour-
pol.2023.104395.

Mohammed K. S., Tedeschi M., Mallek S., Tarczynska-Luniewska M., Zhang A. Realized semi vari-
ance quantile connectedness between oil prices and stock market: Spillover from Russian-Ukraine clash.
In: Resources Policy, 2023, 85(A), 103798. DOI: 10.1016/j.resourpol.2023.103798.

Nguyen T.N., Hoa P., Nguyen T.L., McMillan D. Financial contagion during global financial crisis
and Covid-19 pandemic: the evidence from Dcc-Garch model. In: Cogent economics & finance, 2022, 10(1),
2051824-205. DOL: 10.1080/23322039.2022.2051824.

-2295 -



Marina Yu. Malkina. Financial Contagion of Stock Markets from the Oil Market: DCC GARCH Analysis

Salem L.B., Zayati M., Nouira R., Rault C. Volatility spillover between oil prices and main exchange
rates: Evidence from a DCC-GARCH-connectedness approach. In: Resources Policy, 2024, 91, 104880.
DOI: 10.1016/j.resourpol.2024.104880.

Syllignakis M. N., Kouretas G.P. Dynamic correlation analysis of financial contagion: Evidence from
the Central and Eastern European markets. In: International Review of Economics & Finance, 2011, 20(4).
717-732. DOI: 10.1016/j.iref.2011.01.006.

Wen F,, Liu Z., Dai Z., He S., Liu W. Multi-scale risk contagion among international oil market, Chi-
nese commodity market and Chinese stock market: A MODWT-Vine quantile regression approach. In:
Energy Economics, 2022, 109, 105957. DOI: 10.1016/j.eneco0.2022.105957.

Wu J., Zhang C., Chen Y. Analysis of tail risk contagion among industry sectors in the Chinese
stock market during the COVID-19 pandemic. In: Pacific-Basin Finance Journal, 2024, 83, 102266. DOI:
10.1016/j.pacfin.2024.102266.

Xue J.Y., Hsiao C.Y.-L. Li P., Chui C.M. Higher-order contagion effects in Russian fuel export mar-
kets: Evidence from COVID-19 pandemic and Russia-Ukraine war. In: Energy Strategy Reviews, 2024, 53,
101419. DOI: 10.1016/j.esr.2024.101419.

Yildirim D.C., Esen O., Ertugrul H. M. Impact of the COVID-19 pandemic on return and risk trans-
mission between oil and precious metals: Evidence from DCC-GARCH model. In: Resources Policy, 2022,
79, 102939. DOI: 10.1016/j.resourpol.2022.102939.

Zhang W., Hamori S. Crude oil market and stock markets during the COVID-19 pandemic: Evidence
from the US, Japan, and Germany. In: International Review of Financial Analysis, 2021, 74, 101702. DOI:
10.1016/j.irfa.2021.101702.

Zhang P., Lv Z.-X., Pei Z., Zhao Y. Systemic risk spillover of financial institutions in China: A
copula-DCC-GARCH approach. In: Journal of Engineering Research, 2023, 11(2), 100078. DOI: 10.1016/j.
jer.2023.100078.



