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Abstract

This paper investigates volatility spillovers between the global crude oil market and the stock markets of the global oil stock
markets (Russian, Canada, China, Kuwait, and the USA) pre and after the COVID-19 pandemic. We use wavelet Granger
causality methods to study the volatility spillovers between global oil stock markets, mainly from January 1, 2019, to March
31, 2021. Our Results (1) shows that WTT and Brent oil prices had a negative mean return before COVID-19 but a positive
mean return during the pandemic spread. Other Results (2) find the positive, significantly lowest, and highest frequency dur-
ing the COVID-19 outbreak for all selected countries. The results also show that the link between oil WTI & Brent prices and
stock markets return in the lowest (33-66 days) and highest frequency range (4-16) before the Covid-19 epidemic, especially
in the first quarter of 2020. Before the COVID-19 period, the Russian oil stock market is seriously prejudiced with oil prices
on a modest scale, but not after the pandemic's start. This study also perceives direction opposite between the COVID-19
period. The Canadian and United States America oil and stock markets influence the lowest scale in the previous COVID-19
sample for the U.S. market. Moreover, this paper exposed that oil marketing highest oil futures in their portfolios than stock
shares for all times. We found that oil price shocks had a more significant impact on the stock markets of the United States
and Canada than on the stock markets of other countries.

Keywords VAR model - volatility spillovers crude oil markets - stock markets - Covid-19

Introduction

Crude oil's dominance in the energy sector is well docu-
mented (Irfan et al. 2021c; Tanveer et al. 2021). Oil and
stock markets took a historic tumble in the spring of 2020.
Several publicly traded corporations have lost more than a
third of their value in just these few weeks, and oil prices
have dropped to their lowest levels in a decade. The Covid-
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2008, it appears that the impact of the ongoing Covid-19
pandemic disaster is rather systematic (Yang et al. 2021;
Wen et al. 2022), as all asset classes are impacted (Igbal
et al. 2021; Irfan et al. 2021e), and shocks are widely trans-
mitted across markets (Dong and Hao 2018; Ahmad et al.
2021). Its impact on real-world and financial activity has
heightened market risk aversion to levels not seen since the
global financial disaster and oil price falls month of spring
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2020, including the 996 455 deaths of September 16, 2020.
The two main major oil price shocks 2008 and a Covid-19
epidemic 2020, both shocks mutual with the complexity of
nowadays financial oil marketing systems, have had a signifi-
cant impact on stock prices, on a scale that has never been
seen before (Agyekum et al. 2021) and (Zhang et al. 2021).

While the coronavirus produced with the Spartan severe
respiratory syndrome (SARS-CoV-2) coronavirus (Irfan
et al. 2021b, d, 2022b), the exacerbated financial and com-
modity market uncertainties significantly (Elavarasan et al.
2021). The rising number of 29,444,199 confirmed cases
and more than 40 million deaths worldwide. Therefore, has
encouraged to impose closed all regions markets and other
businesses and starting most effective methods of social iso-
lation, wear masks, which have had economic consequences;
China, for example, experienced an 8.9% reduction in the
starting Covid-19 in 2020, the most significant quarterly
gross domestic production contraction since records began.
Ongoing COVID-19 pandemic cases numbers expanded dra-
matically (Irfan et al. 2021a); stock markets began to reduce
and risk increase to commodity and equity investors as a
result of the rapid rise in cases and deaths. (Lokhandwala
and Gautam 2020) exposed that Covid-19 pandemic well-
being news improves the accuracy of expected stock markets
returns, authorizing the connection between the finical and
stock market and public health., exposed that data on the
2014 to 2016 Ebola outbreaks, joint with broad national and
international media reporting, was more relevant for busi-
nesses located near both the source of Ebola epidemics and
financial markets. (Mukanjari and Sterner 2020) The highest
regions of COVID-19 cases have influenced the risk-return
nexus' reliance structure has been suggested.

The crude oil market, the largest traded commod-
ity worldwide, considerably impacts the global economy
(Zhang et al. 2021), (Hsu et al. 2021) and (Ehsanullah et al.
2021). Furthermore, crude oil prices impact macroeconomic
policies and affect the nation's leading economic policy
apparatuses, inflation rate, and additional events related
to the economy. Academics and scholars have paid more
with spillovers among the oil markets and stock markets as
crude oil's importance in the global economy has grown,
documenting significant (Igbal et al. 2021) and (Zhang et al.
2021).

Regardless of whether a region is an oil-importing and
exporting economy, oil price shocks significantly affect
stock returns and volatility (APERC 2007; Ang et al. 2015;
Erahman et al. 2016). The overall effect of the price of oil
on the financial markets is decided by that of the nation's
net oil market job due to this variability (Mugableh 2017).

These paper contributions are different from overhead-
cited research in approach. Moreover, focus on the VAR
and Granger causality analysis approach sample of six oil-
producing and consumption countries, including (Russian,
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Canada, China, Brazil, Kuwait, and the USA). Countries
allow us to understand the relationship between the oil and
stock markets. Secondly, we evaluate oil-stock co-move-
ment; we use separated analysis approaches into two coali-
tions covering the Covid-19 pandemic. The wavelet-based
multi-time multiscale method utilizes the principal assess-
ment of co-movement intensity at the variable frequency and
the degree of this strength across time. Wavelet consistency
and crossover maps can be used to verify the relationship
of temporal variations between data. To double-check the
results' robustness, we apply Granger causality analysis.
Finally, we calculate the benefit of crude oil in a stock index
portfolio. We further test whether WTI crude oil may well
be used as a feasible offsetting instrument for equity invest-
ments in oil-based financial markets by evaluating the hedg-
ing efficiency of an uncertainty strategy during COVID-19
on the volatility of the oil stock markets effects.

The remainder of this paper is organized as follows. Sec-
tion 2 presents a review of the relevant literature; Section 3
discusses the empirical methods; Section 4 describes the
source of data and statistical analysis; Section 5 discusses
the empirical results and discussion; and, finally, Section 6
conclusion and policy implication.

Literature Review

In 2020, the Covid-19 new virus pandemic affected the
global economy, trading companies, and other sectors such
as agriculture, the oil industry, etc. However, crude oil price
fluctuations significantly impact listed companies' output,
costs, and profits, resulting in stock price fluctuations (Gao
et al. 2021), (Lee et al. 2019) and (Ding et al. 2020). Mean-
while, the achievements of the registered businesses may
result in economic shifts. Furthermore, changes in the global
economy can disrupt the steadiness of international crude oil
supply and demand, resulting in crude oil price variations
(Guan and Li 2020).

On a lesser scale, this co-movement is modest, but on
a bigger scale, it becomes significant. Using a robust-
ness analysis using Granger causality, this paper reveals
that oil prices and stock markets have a bidirectional link
(Sun et al. 2020b) and (Baloch et al. 2020). The causal-
ity from oil to stock markets of the Russian and USA oil
price conflict (70 trading days). Irrespective of market cir-
cumstances, the findings of the investment study suggest
that energy supplies should be given a higher weight than
stocks (Sun et al. 2019) and (Tiep et al. 2021). We also
show that the oil futures market is a better option for cross
hedging than the stock market (Sun et al. 2020c), (Sun
et al. 2020a) and (Sun et al. 2020b). Furthermore, many
researchers find the time-varying frequency characteris-
tics of co-movements, providing the most valued data for
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investors and policymakers preparing for adverse disasters
or epidemics in one of the worst situations (Alemzero et al.
2020b), (Sun et al. 2020a) and (Alemzero et al. 2020a).

Many research scholars and experts only focus on one
link between oil and stock markets. For example (Raza
et al. 2018), The autoregressive distributed (VAR) method
is used to determine the wavelet method and casualty-
based connection between oil price and variability of the
stock market returns and oil markets. This association also
means that crude oil prices may evaluate oil stock price in
the coming days, given to the study.. (Ikram et al. 2019)
The study discovers strong co-movements at low frequen-
cies, increasing this interconnection following the great
recession. Similarly, (Yu et al. 2020; Heinlein et al. 2021)
Evaluate the relative relationship in-between oil and stocks
in the U. S, Japan, and German countries on spillovers,
short-term return between oil and stock markets, and also
long-term market volatility, which was particularly evident
during in the Global Depression. (Nwanna and Eyedayi
2016; Wen et al. 2016) investigated the In GCC countries,
each finds a similar improvement of co-movement among
price of oil and stocks.

For example (Wang et al. 2018) employ a GARCHSK
method and CoVaR-Network, a method for examining the
effects of stock market spillovers between the U.S. and
China, as well as the crude oil market. Another study (Wen
et al. 2016) investigated the risk connectedness of oil and
stock markets using wavelet coherence and B.K. Frequency
connectedness approaches (Ozoike-Dennis et al. 2019) and
(Hilbers et al. 2019). Other studies(National and Steward-
ship 2005; Gurara and Ncube 2013; Dupor and Guerrero
2017; Dutta 2018; Bettendorf 2019; Wen et al. 2019; Yu
et al. 2020; Pedauga et al. 2021; Yarovaya et al. 2021) also
shows that risk spillovers are heterogeneous and change
over the long and short term (Accastello et al. 2019), (Molla
et al. 2019) and (Pinto et al. 2019). The Long-term scales
exhibit considerable co-movements, according to the authors
(Kordej-De Villa and Slijepcevic 2019) and (Khosravi et al.
2019). Oil and stock markets have a time-varying lead-lag
structure. Furthermore, long-term risk spillovers are more
significant than short- and intermediate-term risk spillovers.

This literature gap was filled by using two types of
wavelet transformations to investigate the implications of
the Covid-19 virus epidemic on nexus between the oil and
stock markets using data from the top oil-importing (U.S.
and China, Russia, Canada, Kuwait) countries. Finally, we
investigate the ability of oil assets to hedge by examining
hedging effectiveness and estimating the ideal weights of an
oil market's stock markets portfolio and the best hedge ratios
before and during pandemic times. We also used the new
econometric method in terms of the time domain approach
and the method based on frequency dynamics to produce
dynamic findings of return and volatility.

Empirical methodology

VAR model

This present paper uses the spillovers in the generalized vector
autoregression (VAR) approach combining the Generalized
Forecast Error Variance of the VAR COVID-19 pandemic
wave. Let M= (X7) be a (3) dimensional vector of endogenous
variables that includes data on stock, WTI, and oil returns, and
let st stand for regimes, with sz, M. As a result, the VAR model
of order (p) can be defined as follows:

vi+ XL ApX teif s =1
X = :

1

: ey
vy + X AmX tenif s, =M

The vector Xt is explained for each oil stock region with
variable M with its lagged values, an intercept vM, (t) sto-
chastic component, and the parameter matrix. s, Is the var-
iance-covariance matrix and generally distributed with (0).
This paper's empirical analysis discovers a low and high-level
volatility regime (Li et al. 2021), (Chien et al. 2021) and (Igbal
et al. 2021). An unobservable Markov chain process describes
the dynamic behavior of a regime s,, with a conditional transi-
tion probability from regime / at time ¢, to regime j at time t
provided this method to estimation Eq. (2).

pij =Prs, =j|stl =iandj=12pij = 1. 2)

Where P, 5,01l and stock market feedback effects vary contin-
gent on the volatility regime. A VAR model feature is significant for
our investigation because it accounts for changes in oil stock market
volatility after the first Covid-19 epidemic waves. The X, density for
the qualified on a regime s,=j can be calculated as Eq. (3):

1 1
_ '9) =—————¢€xp (——e’Z‘ls )
t—1> s, “t
(211:)1‘/2 |ZSt| 12 2

3
Data set availability at a time represents (t) and represents a
list of procedure parameters contained in the parameter matri-

ces in Eq. (3). Consequently, at the time (t), a function that
calculates the probability of a given event:

f(X[ | s, =], Q

2
.f(X[ | Qt—l;‘g) = Zf(Xz | s, =7, Qt—l;g) Pr (st =jl Qt—l;g)
=1
4

Prs,=j| t1; Given the information at time t1, what is the
conditional probability of remaining in state j at time t?.

2 P(s,=/19,1) = .
Zizl Pr (Sz =jl S =1, Qt—l;e) Pr (Sr—l =Js Qt—l;e)

@ Springer



66112

Environmental Science and Pollution Research (2022) 29:66109-66124

At each time t, this probability is updated using the con-
ditional likelihood in Eq. (5) as follows:

f(Xz | S =j9 Qt—l;g)P(st =j | Qt—l;g)

P(st=j|Qt;9) == :
Zh=lf(y, |'s, =J, Q,_I;H)P(s, =h| Q,_I;H)
©)
Equation 6 can be iterated for the initial transition prob-
ability and parameter values. For =1, ..., T and calculate
the likelihood value as follows:
T
D logf (v, 1Q,:0) (7)
=1

As a result, the estimated parameters for and pij are
obtained as the log-likelihood maximization values. After
that, a conditional normal distribution is assumed for the
VAR model. A Markov chain process generates the unob-
served regime vector, and VAR (p) processes can be esti-
mated using the Gibbs sampling technique, an iterative
Monte Carlo technique with a Bayesian approach.

Measuring regime spillovers

This paper use the VAR( p) model to quantify the connec-
tivity between variables (stock, gold, and oil returns) under
either regime, as (Goodell and Goutte 2021) did. To that
purpose, the VAR (p) model can be rewritten as an endless
moving average (M.A.) Eq. (8):

T2 DV, + YT @, T P if s, = 1
X = :

t

: ®
T @y Vy + YO @S Py, if s, = M

Where @,for each sample country 1, M is (3X3) matrix
of M.A. coefficients that follows the recursion @;=A1®,; -
1+A2®; -2+ +Apd;—p, with @, as the identity matrix
and®;=0 for i <0. Finally, we compute 95 percent confi-
dence intervals for the normalized ij, Sth using a Monte
Carlo simulation of the MS-VAR(p) model with 1000 repli-
cations to assess the significance of such influences.

Data description and Statistical Analysis
Data description and Statistical Analysis

In this paper, our main concern is to examine the prices of
WTI crude oil commodities and stock markets indices from
six significant oil stock markets effects of Covid-19. These
variables of the S&P 500 index are for the U.S., the Compos-
ite index is for Canada (TSX), China is represented by the
SSE Composite Index, Russia by the RTS Index, and Kuwait
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by the IBC Index. We utilize Europe Brent crude oil futures
as a comparison. Capturing data over this period from Janu-
ary 1, 2019, to March 31, 2021, the sample period is in
effect. A data stream was used to collect the information.
The sample period was separated into two sub-periods. The
sample days during the pandemic period from March 20,
2020, when the World Health Organization acknowledged
the COVID-19 pandemic. The critical events connected to
COVID-19, as defined by the WHO, We chose March 20,
2020, as the crisis point among all these critical dates since
it's on that day that the WHO classified the spreading rapidly
coronavirus epidemic. (Jee 2020)Also, use this breakpoint
(2020). The date on which the World Health Organization
proclaimed COVID-19 a pandemic (March 20, 2020) has a
long tail. As shown in the graph. After around 1.5 months,
volatility declined and returned to a more normal level.

Statistical analysis

Table 1 shows a list of statistical analyses for the oil and
stock markets variables in entire sample countries before
and after the COVID-19 disaster. We analyze the effects of
the WTI price, and Brent oil prices had a negative mean
return before COVID-19 but a positive mean return during
the pandemic's spread. During the pandemic disaster, WTI's
mean return was more significant than Brent’s was. The
standard deviation of oil market returns is slightly higher
than that of COVID-19. Except for Kuwait before the out-
break, oil prices were more volatile than the stock market
before the pandemic and during the pandemic. Except for
Canada before the disaster, all equity indices showed posi-
tive average returns before and after COVID-19. During the
outbreak, all equity markets except China and Kuwait posted
higher average returns. The asymmetry and flattening tests
confirming the Jarque-Bera test show that all return series
are asymmetrical and with peaks. Both WTI and Brent oil
had strong relationships with stock markets before and after
COVID-19, as showed by augmented standard deviation. We
notice that WTTI is more associated with the stock markets
under consideration than Brent is.

Table 1 represents summary of oil and stock market price.

Empirical Results and Discussion

Comparison between two variables crude oil
and stock markets on a multiscale level

This fresh paper main objective to provide multiscale evi-
dence of the COVID-19, With the exception of the Kuwait
market, as we can see in the low-frequency market, At high
frequencies, as a result shows a loss in terms of diversifica-
tion advantages. In January 2019, however, all frequency
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Table 1 Oil and stock market price returns
WTI BRENT usS Russia China Canada Kuwait
A_Panel: Prior the COVID-19 (January 1, 2019, to April 11, 2020)
Mean values -0.1231 —0.1609 0.0299 0.0059 0.0619 —0.0019 1.3759
Minimum values —33.30 —61.59 —8.924 —17.99 —9.051 —18.91 —19.30
Maximum values 16.71 16.69 5911 5.111 6.512 3.019 35.77
Std. dev. 2.635 2.589 1.120 1.419 1.199 0.901 5.197
Kurtosis 29.61 38.09 20.11 20.11 8.009 69.41 6.751
Skewness -2.209 -4.531 —2.481 —4.759 -2.121 —5.449 2.880
Jarque Bera 19 811 .k 24 611 k% 2188.4%%: 18 244 #** 1234.7 #** 77 098.%#** 088.5%:#*
ADF —19.60%** —19.15%** —16.19%:%* —19.34%#:k:% —20.21 %% —4.237%* —16.62%:*
PP —19.67%%* —19.71 %% —22.774%** —19.65%** —19.25%:** —19.79%#:** —18.81%#**
KPSS 0.534%* 0.711%* 0.345%* 0.866%* 0.299 0.7517%:* 0.4317%:*
B_Panel: during the Covid-19 (Mar 12, 2020, to Mar 31, 2021)
Mean values 0.4819 0.2491 0.1678 0.1419 0.0549 0.0996 2.210
Minimum Values -20.21 -30.86 —11.54 -20.12 —3.987 —14.25 —6.324
Maximum values 30.023 30.24 7.547 9.325 4.257 10.856 19.368
Standard deviation 5.318 4.126 1.933 2.229 1.133 1.864 3.802
Kurtosis 21.32 17.21 15.55 8.652 4.786 20.45 9.457
Skewness 0.514 —-0.039 —0.745 -0.69 —0.004 -2.578 2.054
Jarque Bera 2014, 7%= 1952, 3% 2032, 7% 420.06%** 99.4#3%* 39.452%** 745.6%**
ADF —10.66%#* 20.12%%%% —19.41 %% —17.12%%* —14.52%%%* —27 44 —16.40%*
PP —20.21 %k 14.23%%% —30.65%:#:* —20.827%%* —15.30%%:* —30.14%5%:* —10.74%
KPSS 0.214 0.060 0.043 0.039 0.046 0.030 0.054

Note: This table illustrates statistical analysis. The letters*, **, and *** indicate significance levels of 10%, 5%, and 1% are indicated by the let-

ters *, *¥* and ***,

bands in the stock market had considerable High and
medium frequency. During the epidemic, however, the U.S.
and Canadian markets with both WTI and Brent oil prices,
as well as a few black islands in both nations between the
months of March and June of the following year. For Russia,
on the other hand, these islands will materialize between
March and June 2020, as well as in November 2020. The
higher the founder' strength on a regular basis, the larger the
rate of return over a limited time horizon (Delmas-Marty
et al n.d.) establish Before the epidemic, there was a one-way
causation between oil and stock returns. Declaration and a
parallel relationship Upon the announcement in a compa-
rable analysis. There are few huge red islands in the high-
frequency range of the radio spectrum US, Russian, Chinese,
and Canadian markets near the conclusion of the era preced-
ing COVID-19, implying that these markets have a co-move-
ment to a high degree. From October 2019 to April 2020,
the Co-movement is more effective. The Canadian, Russian,
and U.S. stock markets are notable for medium-sized scales.
The thick red island, on the other hand, arrives in the Kuwait
market at the start Prior to COVID-19, there was a period
known as the pre-COVID-19 period. Our findings are in line
with those of (Ju et al. 2015), who demonstrate substantial
WTI oil prices and the dollar are moving in lockstep. US On

both medium and large scales, there is a stock market. prior
to the COVID-19 disaster. From January to April 2019, the
outcome of the lead—lag relationship demonstrates that the
price of oil, with the exception of the Chinese market, lead
stock market returns at low frequency (70 days).

As shown in Fig. 1. The Brent is high as (87.4766),
indicted that get highest frequency level during Covid-19
in virtually all cases, red islands all stock markets, nota-
bly at the start of the sample period. The S&P and ADF
methods second highest (56.388 and, 310.8443) throughout
the sample period, the results reveal favorable correlations
between oil price returns and stock market returns in Russia
and Canada.

Risk spillovers analysis

We use GARCHSK-Mixed Copula-CoVaR results to estab-
lish networks to investigate full-sample and dynamic risk
spillovers across oil and stock markets, in order to study
the multidimensional links between markets in the pano-
ramic frame work. To depict the full-sample (whole) risk
spillover fromu;, 170 x;, t (ij), the average dynamic CoVaR
(Slj) series are calculated. The averages are then com-
bined into an array, referred to as a full-sample network

@ Springer



66114

Environmental Science and Pollution Research (2022) 29:66109-66124

adjacency matrix. Table 2 shows average of ACoVaR dur-

ing the COVID-19.

The full-sample networks for the COVID-19 period and
the average period are shown in Fig. 2, respectively.

Fig. 1 Lockstep between oil
prices and five distinct financial
markets during COVID-19

Table 2 The average of
ACoVaR (S,i|j) during the
COVID-19 period

Fig.2 sample networks for
the COVID-19 period and the
normal

@ Springer

Pre-COVID-19 period Granger causality results

In the pre-COVID-19 period, Table 3 displays the Granger
causality results for the U.S., Russia, China, Canada, Kuwait
stock indices, and West Texas Intermediate crude o oil

3000
2500
2000
1500
1000
500
0
WTI Brent ADF PP KPSS RTS SSE S&P/TSX
= WT| mBrent mADF PP mKPSS mRTS mSSE mS&P/TSX
WTI Brent ADF PP KPSS RTS SSE S&P/TSX
WTI 0 87.4766  56.388 57.389 56.381 54.05189  42.44185 310.8443
Brent 120.161 O 117.577  117.577 117577 116.09 116.811 720.223
ADF 73.566 86.172 0 0 0 88.241 54.677 441.985
PP 61.332 68.977 60.845 60.841 60.845 38.411 29.17 311.464
KPSS 67.009 68.777 64.8012 64.8012 64.8012 56.797 60.105 370.019
RTS 62.096 69.08 71.322 71.322 71.322 0 65.611 385.782
SSE 36.599 31.812 41.891 41.891 41.891 47.451 0 178.573
S&P/TSX  499.622 411.222 399.602 397.602 399.602 393.015 369.824 2696

Source: Author calculation

B WTI ®Brent mADF PP mKPSS MRTS MSSE M S&P/TSX

S&P/TSX
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Table 3 Finding of wavelet-
based Granger causality analysis

Direction towards indicator Scale Lag(one) Lag(two) Lag(three) Lag(four) Lag(five)
time
for R
US Direction towards (WTI) R 7.68%:x 3.32x% 2.05 1.6 1.52
Canada Direction towards (WTI) 1916 11.05s%%%  8.62s%%x 6.68%kx  5.63%x%
China Direction towards (WTI) 6.03:% 3.94x% 2.93x% 2.67% 1.99
Russia Direction towards (WTI) 0.73 3.31% 2.27 1.78 1.42
Kuwait Direction towards (WTI) 0.7 0.52 0.33 1.08 1.52
US Direction 1 towards (WTI) D1 0.25 0.59 1.36 043 0.39
Canada Direction 1 towards (WTI) 0.75 3.04x 2.53 2.57* 2.69x%
China Direction 1 towards (WTI) 3.79 2.39 2.11 0.86 0.56
Russia Direction 1towards (WTI) 3.84 1.69 0.97 1.52 1.05
Kuwait Direction 1 towards (WTI) 0.66 0.25 0.17 0.41 0.7
US Direction 2 towards (WTTI) D2 4.18x 4.65x 4915 0.75 2.02.
Canada Direction 2 towards (WTI) 18.54#xx 2.31 11.93%x%  2.36. 7.545%x
China Direction 2towards (WTI) 7.49%x 1.44 5.55%:x 1.36 4.97 5%
Russia Direction 2 towards (WTI) 18.6%%x  4.05% 4.655%% 0.92 1.8
Kuwait Direction 2 towards (WTI) 5.78x% 0.24 0.11 1.05 0.6
US Direction 3 towards (WTI) D3 21.62%%%  14.89%%x  10.79%%x  1.37 2.1.
Canada Direction 3 towards (WTI) 92.57xxk 8. 76%xx  11.8x%% 0.47 0.24
China Direction 3 towards (WTI) 91.28%%% 6.33%x% 22.98xx%  0.96 0.62
Russia Direction 3 towards (WTI) 3.85 TT2%%%  4.46%% 1.52 1.88
Kuwait Direction 3 towards (WTI) 7.235%% 17.68xx%  13.83#xx  2.89x% 2.1

Source: Author calculation.

Notes: Prior to the COVID-19 pandemic disaster, from January 1, 2019, to March 20, 2020, this table's
wave-based Granger causal analysis expresses the price outcome using Eqgs. 1, 2, 3, and 4. pertaining to
stocks. Return. The Standard & Poor's 500 index is often regarded as a barometer of the American stock
market. The S & P / TSX Composite Index, on the other hand, represents the market, while the Shang-
hai Composite Index, RTS Index, and IBC Index, respectively, reflect China, Russia, and Kuwait. Scale 1
(short term) corresponds to a time of 4 to 8 days, while scale 3 (long term) corresponds to an interval of 8
to 16 days. 1%, 5%, and 10%, respectively.

prices. Low scale, such as D1 (0.25, 0.75 lag (1) and 0.39,
2.69 lag-two), about the 10% significance of the U.S. For
Brent oil, the outcome is identical (Table 3). Furthermore,
at scale D1 (3.79, 3.84 lag (1) and 0.56, 1.69 lag-five), China
and Russia stock market returns induce Brent oil returns,
respectively. Furthermore, at scale D1 (0.66, lag (1) and
0.25, lag-two), Kuwait stock market returns induce Brent
oil returns, respectively

Such as results supports the results of (Bartik et al. 2020;
Chanda-Kapata et al. 2020; Gbadamosi et al. 2020; Khan
et al. 2020; Renardy et al. 2020; Arif et al. 2021; Sachs et al.
2021)Other markets, such as Russia (D3, 3.85), China (D3,
91.28), and Kuwait (D3, 2.1). Table 3 contains the matrix.
P.P. and KPSS are denoted in Table 3 by off-diagonal col-
umn sums and row sums (labeled From).

Wavelet-based bidirectional Granger causality
analysis

The Table 4 estimated results of the substantial causality
assessment in both direction Oil prices and stock indexes

are affected by one another, especially at larger sizes (D3).
Based on the results of our research, oil prices and stock
market indices show fewer links in a smaller range, but
show more links over a larger range. On a small scale,
these changes are negligible in nearly all countries during
the COVID-19 era. Furthermore, these results indicate that
the relationship between the oil inventory index is different
between the pre-COVID-19 era and the post-COVID-19
era. (Banerjee et al. 2021) showed that there was a one-
way causal relationship between oil price returns and
stock returns prior to the COVID-19 announcement, but
the causal relationship between crude oil prices and the
oil yields was full. However, they believe that in the post-
COVID-19 disclosure stage, causality is a two-way street.
However, our data shows that there is bidirectional causa-
tion before and after the COVID-19 period, but there are
varying degrees of causality across countries and scales.
(Erahman et al. 2016) showed that the ripple effect of oil
price returns on the US stock market is constant regard-
less of frequency; these results indicate that bidirectional
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Table 4 Wavelet-based Granger causality analysis results

Direction towards indicator Scale time for R Lag(one) Lag(two) Lag(three) Lag(four) Lag(five)
US Direction towards (WTI) R 1.91 0.78 0.90 0.85 3.05
Canada Direction towards (WTI) 5.89s%x 3.97 2.17 1.79 2.04
China Direction towards (WTI) 0.43 0.9 0.61 0.97 0.9
Russia Direction towards (WTI) 1.75 2.4 2.31 1.55 3.53%x
Kuwait Direction towards (WTI) 0.09 0.80 0.7 0.8 0.35

US Direction 1 towards (WTI) Direction 1 3.57. 2.59. 4.895%% 6.95%%% 3.99:x
Canada Direction 1 towards (WTI) 17.62s%:% 8. 44 8.10s%skx 8.41 5% 5.1 15k
China Direction 1 towards (WTI) 0.5 0.009 2.07 2.38 0.58
Russia Direction 1towards (WTI) 4.16% 5.12x% 3.79% 4.3% 4.6
Kuwait Direction 1 towards (WTI) 3.5 0.70 0.81 0.8 0.27

US Direction 2 towards (WTI) Direction 2 0.71 7.32%% 7185 2.62:%% 7. 3455k
Canada Direction 2 towards (WTI) 8.29x 0.44 6.46xx 3.19 7.62:55%
China Direction 2towards (WTI) 15.6 13k 0.82 5.68::% 0.67 1.78
Russia Direction 2 towards (WTI) 11.953% 2.9 9.15%% 3.58x% 8.065%#x
Kuwait Direction 2 towards (WTI) 4.92x% 0.14 0.89 3.28 0.88
US Direction 3 towards (WTI) Direction 3 34,63k 21.05:#%:% 11.87#%% 7.58:%% 8.02:k4
Canada Direction 3 towards (WTI) 115.135%x 16.69s:x3x 24,935 6.57 % 7085
China Direction 3 towards (WTI) 4.87. 7.56%x% 4.68: 2.02 0.86
Russia Direction 3 towards (WTI) 87 .34k 129k 14.42x5% 5.47 % 5.18x%:x
Kuwait Direction 3 towards (WTI) 3.16 14183k 8.35s5k:x 3.58x% 3.52x%

Notes: The direction values in Table 4 are based on the results of the Wavelet Granger causation study, which compares equity returns to those
prior to the Covid-19 pandemic (10 January 2019 - 31 March 2019) linked to oil prices.

Table 5 Granger's Causal Direction towards indicator Scale Lag(one) Lag(two) Lag(three) Lag(four) Lag(five)
Survey Results of WTI Stock time

Returns and Oil Prices During for R
the Covid-19 Outbreak.

U.S. Direction towards (WTI) R 18.36%  15.68x  5.52s:% 4.14x% 3.66x%
Canada Direction towards (WTI) 1729 1445 3.9%x 3. 445 4 3t
China Direction towards (WTI) 0.57 1.19 1.97 2.23 1.69
Russia Direction towards (WTI) 2.73 2.99 1.04 2.23 9.89:x
Kuwait Direction towards (WTI) 0.67 0.36 1.65 1.54 1.21
US Direction 1 towards (WTI) D1 12223 133 3.19x% 4,425 3.35%x
Canada Direction 1 towards (WTI) 12.87#x%  6.6%% 5.83 %0k 6.05%%%  2.44%
China Direction 1 towards (WTI) 5.88x% 3.19x 4.78xx 1.32 1.77
Russia Direction 1towards (WTI) 2.59 0.04 8.54 %% T27x%%  3.01%
Kuwait Direction 1 towards (WTI) 1.78 1.85 0.86 0.13 1.03
US Direction 2 towards (WTTI) D2 0.13 8.5k 4445 2.44x 2.37%
Canada Direction 2 towards (WTI) 0.01 18.83sk  11.22:s%k%  3.94%x% 2.67x%
China Direction 2towards (WTI) 0.91 1.31 2.4 1.75 2.63x%
Russia Direction 2 towards (WTI) 5.42% 9.65%%x  4.79xx 2.55% 2.03
Kuwait Direction 2 towards (WTI) 0.02 4.53x% 3.84x 1.95 1.96
US Direction 3 towards (WTI) D3 15.98%%%  9.06%%%  10.33%*x  1.62 1.24
Canada Direction 3 towards (WTI) 18.93x%x 83 1xxx  12.28%%x 2.4, 2.25%
China Direction 3 towards (WTI) 0.09 1.63 1.97 0.88 1.81
Russia Direction 3 towards (WTI) 0.21 7 Qs 11.965%%%  4.84%%x  3.55%x%
Kuwait Direction 3 towards (WTI) 0.35 0.02 1 2.39 3.29%:%

Notes: WTI Direction 1, 2, and 3 with 1 to 5 lags, respectively. The wavelet-based Granger causality
employed to analyze stock returns pandemic disaster is presented in the Table 5 values (from March 14,
2020, to March 31, 2021).
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causality is stronger over a wider range than a smaller
range and that -19 is consistent in the before and after
samples.

The 2020 stock markets crash is a worldwide oil and
other industries markets crash with large scale. On a lesser
scale. Russian, Canada, China, Kuwait, and the USA are
net risk receivers, as seen in Table 6. (D1). For Brent oil,
the outcome is identical (Table 6). WTI, on the other hand,
has a significant impact on the U.S., Canadian, and Chi-
nese markets at bigger scales. These findings also show
that oil price changes on a bigger scale substantially affect
the United States, China, and Canada, implying a long-
term unidirectional causality. Oil price swings have the
most significant impact on the Canadian market, followed
by the U.S. and China, with Russia having a negligible
effect. In terms of the causal relationship between the
stock market and WTI oil (Table 6), we find that there are
several reasons to link these five stocks to oil over a wide
range (D3). The Granger wavelet-based causal results are
the same as those obtained before the COVID-19 disas-
ter in the oil price war between Russia and Saudi Arabia.
Granger is responsible for the D2 Brent crude oil market
in the United States, China and Kuwait.

However, the results for the raw data were inconsequen-
tial. In addition, we can see in Table 7 that the impact of
stock index movement in the United States and Canada is
considerable in influencing WTI oil prices, even when using
raw data.

To investigate the impact of the "temporal proximity
effect," which asserts that some of the interconnection devel-
ops just as a result of non-synchronized trading hours, we
synchronize data using the proposed method. Table 8, and
Fig. 3, show the empirical results based on data synchro-
nization. It is undeniable that it has a significant impact on
the outcomes. On the other hand, the primary conclusions
align with section 5, which demonstrates the reliability and
robustness of empirical results.

Robust Analysis

In this sub-section, we reselect data processing methods to
ensure the empirical validity of our findings. Then we look
at risk spillovers that are weighted by market size. To ana-
lyze oil-stock risk spillovers, we use WTI, Brent, and Daqing
25 spot prices to represent oil markets. The full-sample risk
spillovers data for the COVID-19 and regular periods are

Table 6 Granger’s Causal
Analysis of WTI Oil Price and
Stock Performance

Direction towards indicator Scale Lag(one) Lag(two) Lag(three) Lag(four) Lag(five)
time
for R
US Direction towards (WTI) R 0 0.89 3.85% 3.42% 3.75%
Canada Direction towards (WTI) 3.33 0.53 0.78 0.89 0.96
China Direction towards (WTI) 0.62 1.62 3.34% 2.34 3.36%*
Russia Direction towards (WTI) 0.21 0.97 1.4 0.72 2.4
Kuwait Direction towards (WTI) 0.75 0.42 0.19 0.46 0.7
US Direction 1 towards (WTI) D1 391 2.88 1.19 3.47% 2.04
Canada Direction 1 towards (WTI) 2.31 0.53 1.92 4.87%%* 5.27%%
China Direction 1 towards (WTI) 11.71%%  3.19 3.32% 1.28 1.84
Russia Direction 1towards (WTI) 6.03* 0.34 1.84 1.9 1.34
Kuwait Direction 1 towards (WTI) 0.27 0.05 1.61 1.29 1.13
US Direction 2 towards (WTI) D2 24.36%%* 13, 13%¥*k g wEk 10.75%**  7.66%**
Canada Direction 2 towards (WTI) 2.03 1.65 0.81 0.98 1.43
China Direction 2towards (WTI) 9.23%* 12.16%%*  7.86%*** 10.53%%*  8.01***
Russia Direction 2 towards (WTI) 5.05% 3.88* 2.68. 2.81% 2.76%
Kuwait Direction 2 towards (WTI) 1.46 1.94 1.32 2.2 1.76
US Direction 3 towards (WTI) D3 19.73%#% 127, 14%%% 5 F]**x 2] Q8*** 19 77k
Canada Direction 3 towards (WTI) 1.47 5.61%% 6.8%* 0.58 0.66
China Direction 3 towards (WTI) 20.6%*%*  45,02%*%  257Q%Ek 5 46%* 1.85
Russia Direction 3 towards (WTI) 10.92%%  14.53%%%  52]%%* 10.25%*%  16.69%%**
Kuwait Direction 3 towards (WTI) 5.16* 5.92%* 4.34%* 2.33 1.28

Notes: The values in the table represent Granger's causal analysis of the oil price war's spillover effects
on stock performance (8 March 2020 - 30 April 2020). The Standard & Poor's 500 index is a barometer
of the United States stock market. Scale D1 (short term) corresponds to a period of two to four days, scale
2 (medium duration) to a period of four to eight days, and scale 3 (long term) to a time of eight to sixteen
days. The symbols ***_ ** and * denote significance at 1%, 5%, and 10%, respectively.
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Table 7 summarizes the
findings. Granger's causal
analysis may be used to a wide
variety of variables, from stock
prices to WTI oil returns.

Table 8 The average of
ACoVaR in the COVID-19
period

Fig. 3 empirical results based
on data synchronization

@ Springer

Direction towards indicator Scale Lag(one) Lag(two) Lag(three) Lag(four) Lag(five)
time
for R
US Direction towards (WTI) R 1.97 2.88 2.9 2 2.09
Canada Direction towards (WTI) 0.31 0.25 0.65 3.90* 3.21%
China Direction towards (WTI) 4.38%* 2.83 1.88 1.60 2.55
Russia Direction towards (WTI) 0.97 0.58 0.51 0.49 0.31
Kuwait Direction towards (WTI) 0.75 0.57 0.38 0.29 0.19
US Direction 1 towards (WTI) D1 2.77 2.78 1.69 0.99 0.98
Canada Direction 1 towards (WTI) 0.56 0.04 6.24%* 1 1.55
China Direction 1 towards (WTI) 6.49%* 0.99 3.55% 1.34 1.89
Russia Direction 1towards (WTI) 4.55% 0.19 0.89 0.59 0.63
Kuwait Direction 1 towards (WTI) 2.67 1.78 0.68 0.20 0.90
US Direction 2 towards (WTI) D2 4.32 7.68%%%  5776%* 4.21* 6.21%%*
Canada Direction 2 towards (WTI) 10.45%% 9 95%*% 7 AQ#sk* 1.82 1.33
China Direction 2towards (WTI) 0.29 14.42%%*  10.53%** 5 12%%* 5.05%%*
Russia Direction 2 towards (WTI) 2.46 0.1 0.53 2.63. 3.64%
Kuwait Direction 2 towards (WTI) 0.57 0.14 0.09 0.56 0.81
US Direction 3 towards (WTI) D3 14.88%%*  14.56%** ]7.32%%* 2 Q0% 1.51
Canada Direction 3 towards (WTI) 0.76 18.02%** 9 (5%** 4.31%* 3.28*
China Direction 3 towards (WTI) 9.49%* 36.74%%*  17.28%** 3 (2% 0.94
Russia Direction 3 towards (WTI) 1 5%k 2.63. 5.05%* 4.33%* 2.6.
Kuwait Direction 3 towards (WTI) 5.67* 6.627%* 3.99* 2.6 4.88%*
Notes: See the notes of Table 07.
WTI Brent ADF PP KPSS RTS SSE S&P/TSX
WTI 0 56.588 8.3811 96.057 95.781 7.1424 2.1 263.058
Brent 19.888 0 19.529 38.835 30.638 22.789 10.93 139.645
ADF 45941 40.711 0 32.632 32.19 35.82 35.059 207.350
PP 41.288 47.999 25.226 0 64.957 29.241 29.41 230.039
KPSS 27.580 54.835 32.122 62.868 0 35.096 34.630 249.053
RTS 21.210 13.344 39.157 10.556 12.592 0 37.075 126.97
SSE 66.917 49.651 40.22 26.633 62.236 66.211 0 306.869
S&P/TSX  199.888  257.064 164.635 267.584 298.397 196.298 149.210 1567.99
1600
1400
1200
1000
800
600
400
200
0 =
WTI Brent e DJIA NASDAQ CSI300 ChiNext From (VI)
=@==\\/T| ==@=Brent Ne DJIA ==@=NASDAQ ==@==CSI300 ==@==ChiNext ==@==To (Sll)
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Table 9 The average of WTI Brent  ADF PP KPSS  RTS SSE S&P/TSX

ACoVaR during the COVID-19

period and oil stock prices WTI 0 88.4766 57.388  57.389  57.381  53.05189 43.44185 311.8645
Brent 121.161 0 117.577 117.577 117577  116.09 116.811  720.223
ADF 72566  89.176 0 0 0 89.244 54.685 441.985
PP 61.332 68977 60.845  60.841  60.845  38.411 29.17 311.464
KPSS 68.009 68777  64.8012 64.8012 64.8012 56.797 60.105 370.019
RTS 67.096  69.08 71322 71322 71322 0 65.611 385.782
SSE 36.599  31.812  41.891  41.891  41.891  47.451 0 178.573
S&P/TSX  499.622 411222 399.602 397.602 399.602 393.015  369.824 2696

Source: Author calculation

shown in Tables 8 and 9. In fact, the Brent oil futures are
just as essential in crude oil pricing as the WTI oil futures
(Cologni and Manera 2009; Al-mulali 2011). Furthermore,
the primary conclusions Tables 9 and 10 demonstrating that
the empirical results in section 5 are valid and robust.

Discussion

Wavelet analysis shows that there is a significant correlation
between oil prices and the six major equity markets before
and after the COVID-19 pandemic. These relationships
fluctuate with time and frequency. These findings require
more research, such as portfolio analysis. As the global crisis
has led to an increasing integration of equity and oil market
trends, investors are looking for suitable alternatives to help
them build a diversified investment portfolio and manage
risk. To determine the best hedging strategy, we calculate
the best portfolio weight, the best hedge ratio and the effec-
tiveness of the hedge. We are testing these indicators in the
context of the COVID-19 pandemic to provide investors
with a clear picture in times of crisis.

Investors should have more energy assets than equities
over the long term, according to the survey results (Graph
A). Finally, investors should allocate 60% of their portfolio
to oil-related assets and 40% to IBCs in the Kuwatn market.

With the exception of the Kuvat market, the year before
the COVID-19 outbreak, the capital allocation of oil assets

remained relatively stable as the value of the ideal weight
of oil remained almost unchanged. On the other hand, the
allocation of the Kuvat market index is lower than the alloca-
tion of oil assets during the epidemic. Compared to the stock
index portfolio, we found oil to be a good investment both
before and after the COVID-19 era. The market environment
has no effect on the weight of the portfolio structure and we
need to pay attention to it.

Table 8 shows that the beta of the Chinese stock market
is lower than that of other regions of the world, indicating
that its risk diversification portfolio is higher. These results
are remarkable because they indicate that a US short index
can hedge a long position in the $ 1 WTI of 0.09 cents. The
WTI $ 1 long position can hedge 0.05 cents, short Cana-
dian index positions, 0.05 cents Chinese index, 0.05 cents
Russian index, and 0.14 cents short position in the pre-era.
-pandemic Position on the Kuwait index.

During the COVID-19 catastrophe, the hedging ratio
between oil prices and equities indices varied between 0.02
and 0.10 in the WTI / Canada portfolio. Shorting the US
index can be used to hedge a 0.10 cent long position in US
dollar WTI. Similarly, the WTI $ 1 long position may be
hedged against a 0.09 cent Canadian short position, a 0.02
cent Chinese short position, a 0.05 cent Russian short posi-
tion, and a 0.05 cent Kuwait short position. The oil / Kuwait
equity portfolio coverage ratio varied between 0.0009 and
0.0217 in the COVID-19 sample. Travel restrictions and

Table 10 The average of

i WTI Brent ADF PP KPSS RTS SSE S&P/TSX

ACoVaR during the normal

period and oil stock prices WTI 0 82.947  67.024  63.572 48358  53.451 14.139  329.492
Brent 28335 0 26956  19.835  26.669  16.088 10971  128.855
ADF 40277 32665 0 45415 37343 34152 16748  206.599
PP 58.071 49721 51866 0 68.048  60.091  59.398  344.068
KPSS 37.970 48733 38207  59.861 0 38.2883  37.833  261.699
RTS 39422 19.698 21736  40.132 36769 0 69.388  277.998
SSE 19.699  11.533  27.676  31.641 32897 42326 0 156.833
S&P/TSX  211.830 230257 236.345 260466 245079 236389 203281  1921.599

Source: Author calculation
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blockades have pushed oil prices down 30%, and the US-
Russian pricing war has aggravated the issue. In comparison
to the global financial crisis of 2008, the COVID-19 epi-
demic has had a stronger effect on stock market volatility.
Our study indicates that this crisis has an effect on oil spills,
but the extent of the effect differs by nation. Prior to the
COVID-19 pandemic, oil prices had a significant influence
on the Russian market, even on a minor scale; however, this
impact will be mitigated during the epidemic. As a result of
the detrimental impact of the COVID-19 epidemic on inves-
tor mood, individual Russian investors are likely to over-
or under-value stocks, lowering the degree of correlation
between oil and stocks. The COVID-19 epidemic, according
to (Goodell and Goutte 2021), enhanced individual investor
engagement in the stock market. The author demonstrates
that when prices fall from March to April 2020 as a result
of the collapse of COVID-19, Russian private investors
increase their purchases. Individual investors accounted
for 38% of Russian stock transactions as the pandemic
expanded. According to (Herrero and Bouzarovski 2014),
the Russian stock market has been particularly heavily struck
by the current viral shock, with the index's spot price coming
to an unprecedented standstill. The Canadian and US mar-
kets had a little impact on oil prices during the COVID-19
epidemic, but this effect was not obvious in pre-COVID-19
samples. The outcomes of the portfolio construction and
the efficacy of the Brent crude oil hedging are shown in
Table 6. The outcome is identical to that of WTI crude oil.
The Brent portfolio, like the WTTI portfolio, has a large Wtc
value for the United States, Canada, China, and Russia. On
the other side, the Kuwat Wtc is a compact structure. Stock
investors should hold a higher proportion of Brent crude oil
than stocks. Additionally, the data indicates that coverage
with Brent crude is more expensive before to and during the

Fig.4 oil prices and stock
indices

1.2
0.8
0.6
0.4

0.2
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epidemic than coverage with WTI crude. Except in Kuwait,
the EO of Brent crude is more than that of WTI in all stock
markets.

The study's findings are reported in Table 1. Granger cau-
sality results for wavelet and Brent oil prices are remark-
ably similar to those for WTI oil prices. We discovered a
substantial two-way causal relationship between oil prices
and equity indexes, particularly over a large range (D3). Oil
prices are also affected by the US and Canadian stock mar-
kets. Similarly, oil prices and market indexes show lesser
correlations within a narrower range, but stronger correla-
tions over a wider range. Figure 4 depicts the block diagram.

Conclusion and Policy Implication

This paper investigated the correlation between oil stock
market return and the crude oil market through volatility
spillover in the wake of the COVID-19 pandemic. Moreover,
focus on the VAR and Granger causality analysis approach
sample of five oil-producing and consumption countries,
including (Russian, Canada, China, Brazil, Kuwait, and the
USA). Data from January 1, 2019, to March 31, 2021, the
sample period is in effect. A data stream was used to collect
the information. The sample period was separated into two
sub-periods. The sample days during the pandemic period
from March 20, 2020, when the World Health Organization
acknowledged the COVID-19 pandemic.

As a result, this study focuses on the multiscale interac-
tion between oil prices and stock markets in oil-dependent
nations, as well as the impact of the COVID-19 problem on
the oil market's ripple effect.

The following are the article's major findings:

10 15 20

Wtc Btc HE (%)
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1. The wave chart demonstrates a significant association
between oil prices and stock returns, notably between
March and May 2020 (the first phase of the COVID-
19 outbreaks), implying that the gloomy sentiment in
the stock market is going to wane. Oil price trend. As
a result of the favorable connection between oil prices
and stock markets in the United States, China, Russia,
Canada, and Kuwait, oil is not a desirable asset class for
investment portfolios. Diversified investments and oil
futures may be beneficial for hedging at crossroads.

2. Second, we examine the investigation's findings that oil
may be employed individual equity market investors'
stake has grown as a result of the COVID-19 epidemic,
particularly in Russia. When prices plummeted between
March and April 2020 as a result of COVID-19's failure.

3. Finally, as the wavelet analysis demonstrates, not only
oil prices will affect the performance of these nations'
stocks, but also stock market indexes. Additionally,
our research indicates that the relationship between oil
prices and equity indices is weaker on a micro level but
greater on a macro level. These movements are negligi-
ble on a lower scale in practically all nations during the
COVID-19 epidemic.

The ratio of the oil inventory index varied between the
periods prior to and following COVID-19, based on this
data. Although the relationship between oil prices and small-
cap equity indexes is tenuous and always changes across a
larger range, even prior to the COVID-19 outbreak, the Rus-
sian market was heavily influenced by oil prices, regardless
of their size. Ladder; however, this impact will be dimin-
ished in the event of a pandemic. The Canadian and US mar-
kets had a little impact on oil prices during the COVID-19
epidemic, but this effect was not obvious in pre-COVID-19
samples. The influence of oil prices on the Russian stock
market is more erratic (Erahman et al., 2016), however (Wu
et al. 2012) show that oil and gas prices have a major impact
on the Russian stock market. Russia's market. The Russian
market is heavily impacted by oil prices, since it has been
demonstrated that foreign exchange risk prices alter over
time in this market.

Our findings can be applied to future pandemic scenarios.
Equity investors should be mindful that market fluctuations
are catastrophe prone and unbalanced over time. As a result,
businesses may use this knowledge into their hedging plans,
particularly in the case of future losses, and more precisely
when the bond is extremely expensive in the short term.
Market volatility and the link between time and investment
horizons may require these investors to adjust their hedg-
ing tactics. Portfolio managers may utilize data on oil stock
ratios to forecast future connections, which is particularly
useful during times of crisis. They want data and proof about
oil price swings in order to forecast stock price movements

and build equity strategies. Politicians are interested in the
connections between oil and stocks amid financial, energy,
and health crises, as these events have the potential to dis-
rupt market connections.

In recent years, as a result of the financial crisis and
increased globalization, the worldwide stock market and oil
have grown increasingly inextricably interwoven. As a result
of these patterns and occurrences, coverage becomes more
complicated, eroding the diversity benefits. According to
this data, a considerable two-way ripple effect exists between
the five equities markets examined and the world's largest
oil market. As a result of the risk transmission dynamics (or
Granger causality), market players will carefully examine
and hedge high market risks. Similarly, the release of nega-
tive oil risk in the equities market signals that traders with
diverse investment portfolios should consider hedging all
market risks over the next month or so following any posi-
tive shock in the oil market.

Policy implications

1. While all stock markets were net transmitters of energy
market volatility during the 2008 global financial crisis,
they acted differently during the Covid-19 crisis. The oil
/ stock ratio has increased the dangers for stock dealers,
oil-producing nations, and regulators.

2. During the tragedy of the Covid-19 outbreak, the most
pronounced difference in volatility is obvious, with
unfavorable volatility spreading throughout the mar-
ket and being deemed stronger than favorable volatil-
ity. Throughout the Covid-19 catastrophe, the crude oil
spill's unfavorable asymmetry persisted in MSCI's global
and Chinese equities markets, but they were timely and
rapidly had a beneficial effect on emerging equity mar-
kets. Additionally, we address the impact on investors of
portfolio diversification and hedging techniques.

3. This understanding of risk's unintended consequences ena-
bles educated judgments on energy storage and purchasing,
particularly in major oil-dependent countries. Future papers
may build on this work by analyzing the short, medium, and
long-term consequences of oil stock interactions.
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