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Abstract
This research looked at the effects of COVID-19 on a number of the world’s most important stock exchanges, as well as the
empirical relation between the COVID-19 wave and stock market volatility. In order to plan proper portfolio diversification in
international financial markets, researchers must examine COVID-19 anxiety in relation to stock market volatility. The stock
market volatility connected with the COVID-19 pandemic was measured using AR(1)-GARCH(1,1). COVID-19 fear, according
to our research, is the ultimate driver of public attention and stock market volatility. The findings show that throughout the
pandemic, stock market performance and GDP growth both declined significantly due to average increases. Furthermore, a 1%
increase in COVID-19 causes a 0.8% and 0.56% decline in stock return and GDP, respectively. The stock market, on the other
hand, showed a slight movement in GDP growth. Furthermore, the COVID-19 pandemic reported cases index, death index, and
global panic index all influenced public perceptions of purchasing and selling. As a result, rather than investing in stocks, it is
recommended that you invest in gold. The research also makes policy recommendations for important stakeholders. We look to
examine how stock returns respond dynamically to unanticipated changes in the COVID-19 scenarios, as well as the uncertainty
that comes with a pandemic. Using daily data from Canada and the USA, we conclude that a spike in COVID-19 instances has a
negative impact on the stock market in general. Furthermore, in both the increase and decline scenarios in Canada, the stock
return reactions are asymmetric. The disparity is due to the unfavorable impact of the pandemic’s unpredictability. We also
discovered that uncertainty had a negative impact on the US stock market. The magnitude, however, is insignificant.
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Introduction

With the emergence of the COVID-19 pandemic, the world’s
stock markets have suffered unparalleled decreases in the face
of great uncertainty. If a market is effective in a weak form,
asset prices are, according to effective market expectations, all

available and relevant information on the market (Brodeur
et al. 2021; Padhan and Prabheesh 2021). In financial theory,
the efficient market hypothesis (EMH) has been regarded as
mainstream. Furthermore, since the stock market is utilized to
distribute resources, authorities should research weak-form
efficiency in the stock market (Irfan et al. 2021a). On 11
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March 2020, a worldwide pandemic was declared by the
World Health Organization. The 17,396,943 cases have been
confirmed as of 1 August 2020, and internationally there have
been 675,060 deaths (Razzaq et al. 2020; Irfan et al. 2021c).
Furthermore, 4,456,389 confirmed cases and 151,265 deaths
were reported in the USA. In other words, nearly 22% of
COVID-19 deaths worldwide were in the USA. As a result,
it’s only natural that COVID-19’s spread has had a significant
influence on the US economy (Liu et al. 2020).

COVID-19 has recently been the subject of several inves-
tigations. The influence of the COVID-19 pandemic on the
US stock market, for example, has been studied. These look at
the economic consequences of the epidemic in the USA (Soofi
et al. 2020; Lin et al. 2020). Its qualities are explored in par-
ticular in relation to the global financial crisis (GFC) of 2008.
Several researchers investigated as well during the crisis at the
market efficiency in the stock market. But many investors
consider the decline, during a crisis, as an opportunity to earn
a significant profit (Jan et al. 2021; Khan et al. 2021). Many
professional investors also allocate portfolio assets using risk
management (Susskind and Vines 2020). Because the EMH is
linked to these, it is important looking at how this theory
affects the stock market during a crisis.

This research has a twofold goal. First, we measure and
evaluate the efficiency of each sector in the US stock market
to determine its EMH. Depending on the nature of the com-
pany, the stock returns of various sectors may show varied
reactions to the COVID-19 pandemic. Second, we look at
how efficient the sector was during the COVID-19 outbreak
and the Great Recession (62). According to our findings, some
aspects of the COVID-19 pandemic differ from those of the
GFC. As a result, investors and portfolio managers can use the
efficiency of each industry to help them establish their invest-
ment strategy. Several things influence the stock market price
(Mohsin et al. 2021b). These events have their individual
qualities (Elavarasan et al.; Irfan et al. 2021b). Corporate ac-
tions such as stock splits, rights issues, and warrants have an
impact on stock prices; however, the effect can be slow.
Incidental events like the COVID-19 epidemic, boom fires,
major unrest during a presidential changeover, and economic
embargoes can all have an enormous one-time impact on
stock values. The COVID-19 epidemic has had an impact
on capital market practices in every country. Investors can
make investing decisions based on the information contained
in the event. The case’s news can be regarded in three ways:
positively, negatively, or neutrally (Mohsin et al. 2018b). The
reaction of the capital market is shown by changes in stock
price and stock exchange volume. The market began to react
to concerns about the pandemic’s economic repercussions
(Irfan et al. 2021d). Consumer response to COVID-19 has
been studied in a number of ways. A global COVID-19 death
rate of more than 1%, according to Arfah et al. (62), will result
in a 0.02% drop in the Standard and Poor’s 500 after 1 day,

0.06% after 1 week, and 0.08% after a month in the Standard
and Poor’s 500. According to Hussain et al. (2021), daily
unanticipated swings in projected cases based on traditional
infectious disease models are referred to as stock sales. Their
findings show that stock market volatility will reduce as the
pandemic’s progress becomes less unpredictable. From the
perspective of stock market investors, Chachi (2021)
proved that the COVID-19 health issue translated into
a larger economic and financial disaster (Arfah et al.
2020; Elliott et al. 2020).

Previous studies on the effects of the COVID-19 epidemic
on price exchange transactions had come up with different
results. As a result, we wanted to give a more in-depth expla-
nation of the COVID-19 and its consequences on international
stock exchanges. This research aimed at testing COVID-19’s
positive and negative effects on stock exchange performance.
Our input also includes a COVID-19 evaluation and inventory
price remarks. The COVID-19 impact on stock return varia-
tion in the public was estimated using the AR(1)-
GARCH(1,1) and wavelet coherence model. This study also
looked at the intentions and actions of several industrialized
countries, as well as the reasons for these methods and the
efficacy of their recovery efforts. We emphasized the impor-
tance of economic recovery plans as the pandemic continues.
The major goal of the study was to see if there was a signifi-
cant variation in stock price and stock exchange value before
and after the current pandemic.

The remainder of the paper is laid out as follows: The
background and literature review are summarized in the
“Background and literature review” section. The methodolo-
gies employed in this investigation are explained in the
“Data and methodology” section. The “Results and dis-
cussion” section summarizes the findings and discusses
them, while the “Conclusion and policy implications”
section wraps up the discussion.

Background and literature review

The impact of COVID-19 is important, in particular, since
China, Asia’s primary center for foreign capital investment,
had the first outbreak of the virus (Hussain et al. 2021).
Researchers assume the relationships between COVID-19
and SARS, although there are considerable distinctions be-
tween the two outbreaks. As we address the influence of
COVID-19, we should refer to a number of previous studies
on the economic effects of infectious virus epidemics. The
prevailing literature focuses on the expenses of medical or
economic repercussions of illness, as well as disease-related
mortality. (Law et al. 2020) analyzed the spread of Hong
Kong’s SARS epidemic and its financial consequences, deter-
mining that the demand side had the most substantial negative
consequences, with local consumption, tourism, and air
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travel-related services exports having a short-term impact. The
stock markets, according to researchers, are always influenced
by large occurrences (Mohsin et al. 2018a). However, as the
virus spreads globally, it begins to affect businesses, which is
reflected in worldwide financial markets. The circuit brake
mechanism struck the US market four times in 10 days in
March. Similarly, the FTSE stock market index in the UK
has declined by more than 12% since 1987. As a response to
the COVID-19 pandemic, the global financial markets, dom-
inated by advanced economies, have shown to lead to in-
creased fear-led market risks, causing likely investment losses
as investors were selling panic stock (see Phan and Narayan
2020; among others). Is this discovery possible for all pan-
demics and epidemics to be extrapolated? This is the impor-
tant research issue raised in this work.We are also focusing on
emerging stock markets, which seem to be less attentive to
their developed counterparts during the COVID-19 pandemic
(Shakouri et al. 2020). Usually, an integration of mature and
emerging stock markets is used to calculate stock market
hedging potential (Tiep et al. 2021). A research similar to this
one was undertaken by Sun et al. (2020b) and Baloch et al.
(2020), albeit their scope, measurements of uncertainty,
methods, and analysis were different from this one.

According to the consensus, stock values plunged and mar-
ket volatility surged after the pandemic influenza epidemic
(Waheed et al. 2020) (Khokhar et al. 2020a). Those studies,
on the other hand, did not investigate whether COVID-19 was
to blame for the stock market’s dramatic swings, presuming
that no previous knowledge of the break position was acces-
sible (Baloch et al. 2020) (Zhang et al. 2021c). Furthermore,
they focused solely on price fluctuations and uncertainty, ig-
noring the role of return predictability in finance literature.
Sansa studied the impacts of COVID-19 on stock markets in
China and the USA. The authors discovered a positive and
statistically relevant relationship between reported COVID-19
cases and the financial markets, both for the Shanghai Stock
Exchange and the New York Dow Jones. Many studies have
come up with similar results. COVID-19 has a positive and
important impact on stock price trades and stock exchange
rate (Nwosa 2021) (Iqbal et al. 2019b).

The stock exchanges are interconnected and interdepen-
dent. During the financial crisis, researchers discovered near
cross-market correlations. Chiang, Nam, and Li from 1996 to
2003 looked at the regular stock returns for nine Asian mar-
kets and observed a strong link between the sample Asian
countries throughout the crisis period (Chien et al. 2021b).
According to (Iqbal et al. 2020), Malaysia, Vietnam, and
Thailand are the Southeast Asian countries with the most fi-
nancial ties to China. Investor sentiment has a more influence
on stock markets in nations where herd-like behavior and
overreaction are more prevalent (Anser et al. 2020), or in
nations where institutional participation is limited. On 30
January 2020, the WHO announced the novel coronavirus

disease 2019 (COVID-19) an “emergency of international
concern” and a pandemic on March 11. According to the
WHO’s Situation Report - 79, the disease has claimed the
lives of 79,235 people worldwide as of April 8, 2020
(Khokhar et al. 2020a) (Siddiqui et al. 2020). Although it
appears to be coming to an end in China, where it was first
discovered, it continues to spread across Europe, the USA,
and other parts of the world, including several low- and
middle-income countries (LMICs) (Yumei et al. 2021). The
pandemic has prompted unparalleled global responses. Travel
bans, confinement, and lockout measures have been imple-
mented in many countries. These responses have been imple-
mented in an “emergency mode” and are primarily reaction-
ary, to prevent the spread of the disease until a specific cure
and/or vaccine is created (Elena 2020) and (Devi et al. 2020).
During these lockdowns imposed by the government, the
world economy suffered a considerable fall and remains the
outcome of the suspension of big firms (Mishra et al. 2020)
(Abbas et al. 2020). The documentary has been examined
from two angles: (1) the transmission instability during the
COVID-19 crisis and (2) the relationship between the
COVID-19 indicators and stock market performance and eco-
nomic uncertainty. We examined recent publications on the
economic and financial effects of the COVID-19 pandemic
(Iqbal et al. 2019a). Several new publications looked at
COVID-19’s financial and socioeconomic consequences
(Tlemsani et al. 2020). There was significant growth on the
conditional connections between financial and non-financial
corporate equity returns (Mohsin et al. 2021a). This growth
was far larger for financial enterprises, demonstrating that they
played an important role in expanding the financial disparity
between China and the G7 (Hou et al. 2019). They finally
demonstrated that the optimum hedge ratios in most instances
increased considerably during the COVID-19 crisis, signify-
ing increasing hedge costs. According to Akbar et al. (2021),
at the beginning of the COVID-19 epidemic, China’s markets
were the epicenter. The significant, detailed, and recent paral-
lels between the words “corona” and “corona”were also dem-
onstrated. Baloch et al. (2020) report that the fast expansion of
COVID-19 has had a considerable impact on the stock market
worldwide, which leads to major increases in global financial
market volatility in the short term, and a huge loss to investors
(Phan and Narayan et al. 2020).

Data and methodology

Through a revised wavelet coherence methodology, the rela-
tionship between temperature and COVID-19 confirmed
cases can be examined over time scales (regardless of the time
series). Similar to classical correlation, wavelet coherence can
discover specific locations in the time-frequency domain
where big and sudden shifts in the observed time series co-
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movement patterns occur, while most coronavirus positive
cases incubate in incubation centers for about 14 days (Iqbal
et al. 2021b). The highest number of hours in incubation cen-
ters, supported by the WHO decision for positive coronavirus
infections, is 14 days. The pre-test study showed the stock
index volatility pattern in numbers during the COVID-19 out-
break, based on International Market Index (Sohail et al.
2019) (Baloch et al. 2020). These graphs indicate how stock
market volatility is linked to the COVID-19 outbreak’s global
fear index, which is still present in global stock indexes. The
results of the interconnected distribution were based on mar-
ginal distributions presenting asymmetric distributions AR(1)-
GARCH(1,1). Glosten, Jagannathan, and Runkle had previ-
ously described and operationalized the AR(1)-GARCH(1,1)
model (1993). The following is an explanation of the AR(1)-
GARCH(1, 1) model, whereas similar econometric methodol-
ogies have been used in various applications (Fu et al. 2021;
Sun et al. 2020b).

Because this is a new virus, there are still a lot of questions
about it. As a result, traditional techniques of creating policy
orientations may not be applicable. The employment of so-
phisticated techniques to illustrate the connection between
temperature, exchange rates, and verified instances of
COVID-19 seems considerable to represent this association
at varied times and frequencies (Asbahi et al. 2019). It is
critical to have a thorough grasp of the condition to take pre-
ventative actions that will save more lives. In multiple time
series analysis, the wavelet approach has several advantages:
it allows cross-analytics. It also simultaneously records bi-
directional (lead-lag) interactions between various time-
frequency combinations (Iqbal et al. 2021a).

In the vast majority of cases, our data reveal that the variables
in Canada are in phase. A big island visible in 4–8-day bands
between the 7th and 23rd of April implies significant coherence
between 5 and 10%, with variables in-phase (0,/2) and examples
leading. In the bulk of China’s occurrences, the factors are in
sync. Variables are in-phase (0,/2) in most events in France
(Khokhar et al. 2020b). The black area, which extends from
short-run day to long-run day bands between 9 April and 19
April, exhibits the same results, with phase variables (0,/2) and
leading cases. A small circle of 8–16 days on the 5th–9th of April
likewise shows that variables are out-of-phase (-/2,-), but that the
occurrences lead. The bulk of events in Germany have in-phase
variables (0,/2) with cases taking the lead. The variables are in-
phase (0,/2) with cases leading in 1–2-day bands, the set of dark
sections. However, occurrences between March 10 and
March 20 imply that the variables are out-of-phase (−/2,−), with
cases leading in the 8–16-day bands.

σ2
f ¼ ωþ ∑q

e¼1αeε
2
f −1 þ ∑p

j¼1β jσ
2
f − j ð1Þ

Ve; f ¼ β0 þ β1Ve; f þ β2 Ve; f −1
� �þ β3σþ ɛe; f ð2Þ

σ2
ft displays the conditional variance and f3 shows the re-

maining error. Equation (1) comprises three parameters (and),
three parameters, and distributions which characterize the
model of AR(1)-GARCH(1,1). The equation has 8 construc-
tions representing parameter estimates. As the GARCH
shows, in addition, the robustness of the latest model test is
tested by proposed methodologies. Green loans are assessed
by total green credit of banks/total banks’ banks and used as a
variable predictor, while economic development is measured
by economic development (Chandio et al. 2020; Baloch et al.
2020; Zhang et al. 2021b, and Alemzero et al. 2020). Finally,
current spending on education and gross capital formation
(percent of total expenses) (percentage of GDP) are utilized
as predictors. It was determined that the AR(1)-GARCHmod-
el (1). It was applicable to the measurement by He et al. of the
impact of the COVID-19 on stock market volatility (62). Ng
and Chan employed this triaxial model, a multivariant case
version in which the effects of all other variables are omitted
from the coherence between X and Y (Sun et al. 2020a). The
relation between two time series must be understood. For this
purpose, the phase difference that can be utilized to character-
ize the phase relationship between two series. When the phase
difference is zero, they move together at the frequency spec-
ified (0). The series is in-phase, when the time series is be-
tween [0,/2] and leads the time series e. If it is between [−2,0],
e is in front of f, on the other hand. If the difference is between
phases [/2,], x leads and time series f leads; if the difference
between phases is between [−,−/2], then the relation is anti-
phase (analogous to negative covariance).

e; f ¼ ge; f ɛe; f ; ɛe; f ∼RkT u;λð Þ ð3Þ
Hef ¼ ωef þ αϵ2 f −1 þ βhef −1 þ γe2 f −1−eef −1 ð4Þ

Stock market volatility is crucial to both market practi-
tioners and policymakers, particularly in emerging nations
(Agyekum et al. 2021). Stock market volatility is a source of
concern for practitioners because it has an impact on asset
value and risk, while policymakers aim to decrease unneces-
sary volatility to maintain economic and fiscal stability (Iqbal
et al. 2021b; Li et al. 2021). In together circumstances, a good
quantitative strategy for modelling stock market volatility is
required to limit the danger of erroneous calculations (Zhang
et al. 2021a). Researchers are still working for the optimum
volatility model that can capture a number of stylized aspects
about market volatility in this regard (Chien et al. 2021a;
Zhang et al. 2021a). Wavelets are a sort of function that is
localized in both the time and frequency domains and is used
to breakdown time series into more elementary functions that
convey different information well about time series. Wavelets
are one of many extensively used statistical signal extraction
and filtering, as well as thresholding approaches.

The enormous global effect of the COVID-19 crisis on
world economies, especially in emerging and developed
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markets, is one of its first distinguishing features. In this re-
gard, the International Monetary Fund and other multilateral
institutions initially projected that the amount needed to cover
these countries’ transitional financing deficits would be USD
2.5 trillion. The effects of this recession have been different
from those of the previous economic crisis in 2008, impacting
all levels of the labor market; as a result, Merkl and Weber
predicted the emergence of a new COVID-19 generation of
graduates who would be unable to find work, and that em-
ployment subsidies would be one of the few effective steps for
labor market stability. Pak et al. suggested that concerted in-
ternational policies be put in place to ensure the survival of
humanity as well as the economic stability that existed prior to
the emergence of COVID-19.

In general, the application of wavelets to the analysis of
COVID-19’s impact on various financial markets revealed,
according to Kumar et al., that the observed unexpected
changes in the structure of the variability of returns were due
to the variable structure of investors’ activities in a context of
complete uncertainty, as COVID-19’s outcome was cata-
strophic in international financial markets.

We were able to map the effect of COVID-19 by analyzing
the coherence of the waves, and we discovered some stylized
details that characterize its ramifications. For example, given a
regular frequency of 32 days, the ACPS observed co-
movements between the variance in cases of COVID-19 and
the returns of stock indices (except for Germany), with a grad-
ual decrease in volatility visible from the 18 March subperiod
onwards. In each region, there were also relatively unique or
differentiated relationships: the financial crisis caused by
COVID-19 was more severe in the financial markets of
South Africa (primarily), Brazil, and Australia than that in
the USA, Japan, andGermany. Thewaves’ coherence allowed
for the development of a chronogram that detailed the corre-
sponding movements in or out of phase with the financial
markets studied. The study of the financial assets included in
CSR at the global level revealed that they were in-phase in
each subperiod, with the USA following suit. The persistence
of volatility in Brazil and Australia, which was not apparent in
the rest, was notable from the 13 May subperiod onwards.

The variables’ co-movement was designed for conceptual-
ization using these formulas, and the results were robust when
using the GARCH approach. With the economy completely
disrupted, the government should focus more on government
spending to help the economy recuperate. It often encom-
passes increasing public spending, which will focus on im-
proving cash flow and asset volatility, pouring more money
in citizens’ hands and encouraging increased production of
goods and services.

As a result, the economy’s supply levels or volumes
will increase. The empirical framework of wavelet co-
herence is used to investigate the relationship between
two or more variables.

Wxyqr k; oð Þ ¼ Wq k; oð ÞW*
r k; oð Þ ð5Þ

Where the transformations of the supplied wavelet x (t)
and y(t) ensure, for example, Wx (k, o) and Wy (k,o),
the index of the wavelet should be evaluated by n.*.

x tð Þ ¼ 1

Cψ
∫∞0 ∫∞−∞Wq k; oð Þψk;o tð Þdu
h i do

N 2 ;N > 0 ð6Þ

Whereas

xk k2 ¼ 1

Cψ
∫∞0 ∫∞−∞ Wq k; oð Þ�� ��2dmh i do

N2 ð7Þ

The wavelet transformation is thus used as an empirical
tool for evaluating the underlying variables in non-fixed time
series. The objective function can evaluate the correlation
power between two variables in one series in cross-wavelet
transformations. The updated wavelet coherence coefficients
and the mathematical model are calculated as follows:

R2 k; oð Þ ¼ N N−1Wqr k; oð Þ� ��� ��2
N N−1 Wq k; oð Þ�� ��2� �

N N−1 Wr k; oð Þj j2
� � ð8Þ

R means the wavelet compression smoothing method,
while 0 R2(m, n) 1 squared coefficients provide in the bracket
of wavelet coherence. Values of consistency below the thresh-
old are removed by threshing the estimated parameter and an
estimate of 1 point to show a better correlation of values be-
tween the variables to be evaluated. The objective function for
the reduction of hard thresholds is as follows:

xht ¼ 0if xj j≤ λ
xif xj j > λ

� �
; ð9Þ

And now

xht ¼
0if xj j≤ λ

x−
λ2
x
if xj j > λ

( )
; ð10Þ

xyt ¼
0if yj j≤ λ

y−
λ2
y
if yj j > λ

8<
:

9=
;; ð11Þ

The transformer transforms are two-transforming features
designed for X and Y wavelets, respectively. W.X. and W.Y.
The initial phase of the mixed debate (W xy) may be defined:

D
WX

o sð ÞWY*
o Sð Þ�� ��

σXσY
< p

	 

¼ Uϑ pð Þ

ϑ

ffiffiffiffiffiffiffiffiffiffiffiffi
PX
k P

y
k;

q
ð12Þ

The degree of certainty associated with the probability p is
denoted by U (p), which is defined as the square root of mul-
tiplying two distributions. Basing upon this amazing
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dependency, the Granger causality (GC) area has been deter-
mined to characterize the two series.

x ¼ a1xt−1 þ…þ apxt−p þ β1yt−1 þ…þ βpyt−p þ β1t ð13Þ

By the test Geweke (1992) proposed in zero linear restric-
tion, the null hypothesis was validated, which is:

H0: My→x(ω) = 0.

Results and discussion

COVID-19 analysis

Table 1 presents the unit root analysis. COVID-19 is
rearranging our culture, causing fear and concern about the
novel coronavirus’s effect on Americans’ mental health. The
current research looks at how COVID-19 terror, concerns, and
perceived danger interact with social vulnerabilities and men-
tal health outcomes, such as anxiety and depressive symptom-
atology. Unemployment increased dramatically during the
pandemic for a variety of causes, most notably the shutdown
of numerous unnecessary companies. This resulted in a rise in
poverty rates, as people were unable to work and their discre-
tionary incomewas drastically decreased, leaving them unable
to pay their tax obligations.

The largest overflowwas from SP500 (6.089%), the largest
was from SP500 (30.795%), and the largest (21.428%) was
from S&P500, and the biggest from SP500 were DAX returns
(21.428%). A proportion of the entirety is 31.036%. This pan-
demic has had a significant effect on this business, leading to
lower material costs and a shortage of manpower. Companies
could obtain grants for long-term employers to help them
sustain their economic activity, such as income tax savings

or tax holiday periods. According to moving window re-
search, COVID-19 had a greater impact on bond instability
than the 2008 world financial crisis.

The autoregressive distributed lag (ARDL) test is presented
in Table 2. As a result, 95% and 90% trustworthy, statistically
significant estimates of the wavelet coefficient within the in-
fluence cone respectively are ignored in each area outside the
cone. For the most part, variables in-phase (0,/2) are reported
in Belgium. The Dark Island depicts the in-stage variable (0,/
2), with COVID-19 cases resulting to 1–2-day bands, between
29 April and 5 May. Between March 25 and 30, the enormous
island exhibits the same pattern in the 2 to 4-day bands, but
another island displays in-phase (0,-/2) between April 9 and
17, but with temperatures beyond COVID-19.

Due to changes in US geopolitical risk, uncertainty about
US economic policy has grown, generating COVID-19 vola-
tility and price of oil. Therefore, the use of power will only
increase by 3.1%. By the end of 2020, the energy industry will
have a moderate effect. The average rate of return was
25.32%, less than the whole variance in the 40.11 correlation
degree percent (for constant), demonstrating that stock ex-
change index volatility return rates around the world are
strongly tied to their respective volatility. COVID-19 had an
impact on industrial productivity, resulting in a significant
reduction in China’s electricity usage.

The robustness test is shown in Table 3. Relative volatility
transmission occurs in the dynamics of long, medium, and
short frequencies, in opposite to the reappearance spillover
influence in frequency dynamics. Furthermore, thanks to the
COVID-19 pandemic, a substantial surge in stock market vol-
atility was noted in mid-2020. Low-demand families who
consume fewer than 24 barrels every billing cycle would be
the most affected by this legislation. At the conclusion of
week three after the initial outbreak notification, nations with
significant individualism experienced a 12.71% smaller reces-
sion than nations with a low individualism.We also found that
countries with a higher rate of evasion for uncertainty had
decreased stock prices by 5.40% compared to countries with
lower levels of avoidance for uncertainties in the same time

Table 1 Unit root analysis

Constructs Levin-
Lin

FPP FADF IPS Dicky-
Fuller

COVID-19 RCIt 1.71 11.06 11.06 2.00 -

ΔCOVID-19 RCIt −0.22* 32.15* 68.3* −0.10 l(1)

COVID-19 RDIt 2.65 7.00 3.17 0.12 -

ΔCOVID-19 RDIt −13.51* 61.65* 22.07* −6.35* l(1)

COVID-19 GFIt 5.66 3.20 5.57 0.77

ΔCOVID-19 GFIt −1.00* 86.01* 35.27* −1.38* l(1)

MAt 5.07 5.80 5.63 1.20

Δ MAt −2.16* 60.12* 25.5* −2.26* l(1)

MA-CCt 11.50 32.11* 57.50* 6.18

ΔMA-CCt −3.07* 20.00* 26.12* −3.13* l(1)

MA-POLt 5.18 27.06 25.09 4.01

ΔMA-POLt −0.04* 40.01* 79.35* −4.75 l(1)

Note: * indicates 1% significance level

Table 2 Autoregressive distributed lag (ARDL) test

Indicator Value Std. dev T-
sig

P-sig

COVID-19 50.23* 28.77 5.22 0.000

S&P500 7.57* 8.00 3.42 0.001

DOW 9.35* 28.31 7.77 0.000

DAX 18.43* 1.007 5.58 0.000

CRIA 27.87* 77.05 5.08 0.000

Cyprus 17.57* 0.201 2.77 0.000

MA-POL 19.28* 0.632 2.52 0.003

Note: * indicates 1% significance level
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period. Stock price drops are connected with higher stock
return volatility. Countries with low individualism and con-
siderable ambiguity resistance, in particular, showed increased
volatility and price declines in the early weeks of the pandem-
ic. Our results are especially relevant when considering that as
COVID-19 unfolds, there is increasing worry about future
economic consequences, and presumably increasing econom-
ic uncertainty. As observed by Liu et al. (2021), the ongoing
COVID-19 situation will have tremendous ongoing economic
repercussions.

COVID-19 index volatility of stock market

Globally, during COVID-19 outbreak, markets dropped so much
value over such a short amount of time that the disease had a huge
detrimental effect on communities. We show that some of the
turmoil was induced at least by the investment sentiment–dread
triggered by a pandemic of coronavirus. The pandemic of the
coronavirus has been devastating the major economies in the
world and has caused the most severe world recession over gen-
erations, with a declining per capita income in the largest propor-
tion of countries since 1870. The IMF says that in 2020, the world
economywill fall by 3%, with international economies in decades
at their quickest pace. According to the fund, his death is the worst
ever since the Great Depression. The epidemic will cut $9 trillion
off the world gross domestic product over the next 2 years, ac-
cording to I MFI Chief Economist Gita Gopinath. In addition, the
world GDP is set to contracted by 5.2% in accordance with the
World Bank’s June 2020Global Economic Perspective Report. In
the following months, financial markets will fluctuate in various
countries in response to COVID-19 findings and corresponding
government control actions or stimulus packages, such as direct

financial aid or interest rate reductions (Ashraf, 2020). These pro-
found developments have attracted many scholars from through-
out the world. As a result, a number of researches are being carried
out on different financial markets throughout the world to study
the impact of theCOVID-19 epidemic. Ashraf (62) utilizes a panel
data study to analyze the effects of growth in reported cases of
COVID-19 and mortality on stock exchange returns after adjust-
ment of nation characteristics and systematic risk owing to external
influences. He used the usual COVID-19 and stock return data
from 64 nations between 22 January 2020 and 17April 2020. The
results reveal that stock markets react substantially in confirmed
cases to negative growth returns, whereas the response to rise in
mortality is statistically insignificant. Other data imply that stock
markets react sharply in the initial days of the cases reported and
then again 40 to 60 days later. However, due to government for-
eign exchange operations, even the people, investors, incur large
losses on their gold market. Even after the outbreak, no substantial
co-movement was detected between currencies, gold, and the
stock markets. Investors in stock markets are likely to obtain a
currency analysis. There was a negative connection between these
in the near term and the affected economies of the COVID-19,
while the recession allowed for long-term investors to invest more.
The post-war scenario of the COVID-19 could lead to a robust
bursary recovery, and investors can benefit from dividends and
capital gains.

Figure 1 shows the first COVID-19 outbreak wavelet. We
begin by examining the consistency of each pair of variables
and then discover several significant correlations.

COVID-19 has also altered production and promotion
processes because local physical touch is necessary. The
fiscal ramification demonstrates that the long-term re-
stricted associations suggest that there has been a

Table 3 Robustness test

Indicator Value Std. dev T-sig P-sig R2 Sparsity

τ = 10th
COVID-19 RCI 4.24* 4.16 1.56 0.000 0.66 1045.12
COVID-19 RDI 1.74* 0.64 0.44 0.017 (0.000)
COVID-19 GFI 1.57* 0.75 0.47 0.000
MA-CC 0.77* 0.15 0.64 0.027
MA-POL 0.44* 0.27 0.77 0.014
C 107.44 111.64 0.75 0.011
τ = 25th
COVID-19 RCI 4.04* 1.11 1.06 0.040 0.72 1424.05
COVID-19 RDI 1.05* 0.57 0.44 0.026 (0.000)
COVID-19 GFI 0.46* 0.77 0.20 0.000
MA-CC 0.77* 0.40 0.22 0.001
MA-POL 0.64* 0.74 0.01 0.004
C 124.74 217.01 0.65 0.000
τ = 50th
COVID-19 RCI 4.16* 4.14 4.44 0.000 0.62 1077.64
COVID-19 RDI 4.44* 2.47 4.11 0.025 (0.000)
COVID-19 GFI 2.02* 2.54 0.01 0.044

Note: * indicates 1% significance level
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significant change between both markets, which sug-
gests that during volatility, investors regularly adjust
their portfolio structure. Subsequently, multiple risk
spills between stock markets took place during the
COVID-19 crisis. The market is changing over time
and is unpredictable; thus, a portfolio manager is unable
to adapt the portfolio erection during a crisis period.
The component root test was done and stated data were
determined to fit the initial difference in all the research
constructions (see Table 4). The model AR(1)-GJR(1,1)
gave some surprising insight. The intercept (β0) (β1)
and mean stock volatility index coefficient are equal to
each relative and close to zero sample market (Mohsin
et al. 2018b; Muhammad Mohsin et al. 2021b).

Short-range and long co-motion between COVID-19 in-
stances and temperature is shown by wavelet consistency be-
tween number and temperature of COVID-19 cases validated.

There is evidence that the variables are cyclical (in stage) in
most cases, and temperature leads to linkage in most coun-
tries. This shows that a strong influence of temperature on
COVID-19 disease propagation is demonstrated by an in-
crease that contributes to the reduction in COVID-19 trans-
missions. This is consistent with previous findings.

As a result, our results highlight the negative relationship
between the COVID-19 instances and the indices in question.
This demonstrates that investors grew increasingly aware of
the COVID-19 pandemic’s long-term effects and were antic-
ipating lengthier global in view of the escalating number of
confirmed cases; lockdowns have been implemented,
resulting in economic and social costs. The enactment of the
global lockdown resulted in a huge reduction in stock market
index points. The COVID-19 has contributed to the increased
stock market volatility during the sample period, with several
consequences, including countrywide lockdown, higher un-
employment, and lowered levels of consumption.

Our findings however contradict those of who argue that the
COVID-19 pandemic has constructive, short-term effect on stock
markets in the countries affected. The findings of individual stock
return verify the high negative impact on stock returns in all af-
fected countries and regions of verified COVID-19 incidents. The
results are also congruentwith those of Sharif et al. (62) suggesting
that all frequencies be investigated. Since late March 2020, stock
prices have increased 37% since the US Federal Reserve and the
expansionary policy of the government. Due to the COVID-19
virus that has swept the world, every major bond index lost value
between 6 March and 18 March 2020. Investors’ perspectives
have been reflected in global stock markets since the 2008 finan-
cial crisis.UNCTAD (62) estimates global depression as a result of
COVID-19 shocks, including losses of income and extensive un-
employment, and negligent repercussions on financial markets,
investor trust, global trade, and goods prices.

UNCTAD (62) also estimates that impoverished countries
will lose almost $800 billion in export income in 2020 (ex-
cluding China). This is to add to the challenges that currency

Fig. 1 Wavelet coherence
between stock return and
COVID-19 cases

Table 4 Individual stock return

Variable Case(i) Case(ii)

COVID-19

S&P500 −0.177* −0.235**
DOW −0.051* −0.032**
DAX −0.162*** −0.112*
S&P500 −0.174* −0.213*
NASDAQ −0.246* −0.334**
DOW −0.475 −0.381*
DAX −1.427* −1.783*
CRIA −0.424* −0.332*
Cyprus 4.422* 3.321**

Constant −2.444* −1.552*
AR(2) p-value 0.462* 0.556**

Hansen p-value 0.442 0.332

Note: *,**,*** indicates 1%, 5% and 10% significance level

60026 Environ Sci Pollut Res (2021) 28:60019–60031



devaluation faces versus the dollar, as a result of the foreign
exchange earnings.

As far as the Chinese currency is concerned, our results
show a considerable (in-phase) joint move between the ERR
and COVID-19, where the co-operation between exchange
rate instances and COVID-19 is considerably offset phase.
That implies that the foreign currency exchange rate of the
COVID-19 instances has minimal impact on the exports of
Chinese. Phan and Narayan (62) also investigated the re-
sponse to the outbreak of currency epidemic from the USD/
GBP and USD/TRY markets, showing a decreasing level of
media stress over the epidemic expansion as of April 2020.
The worst-hit nations in Europe, particularly Spain and Italy,
suffer from their currency free fall and fewer investment into
their systems—the severe economic effects. Due to the in-
crease in COVID-19 cases in 1%, for example, in the S&P
500, the fall in the S&P 500 in −0.161 was 12.8%; the vari-
ance in NASDAQ from −0.188 to −0.054 and the variation in
the DAX from −0.172 to −0.012 are shown in Table 5.
CRIA’s stock exchange rate has the most significant impact
on COVID-19. During the pandemic, the GDP logarithm has
been utilized on account of control variable. The econometric
assessment and findings of COVID-19 and the unpredictabil-
ity of the stock market is presented. Almost all returns on the
stock markets were associated negatively to COVID-19 cases,
which meant that the COVID-19 timeframe is near to zero.

These data show that the volatility of markets through the
whole pandemic has decreased as a result of the global
COVID-19 outbreak. The GARCH coefficient (0.35) of the
Shanghai SE is wide, while minor GARCH coefficients are
available on the other markets. International exchange disrup-
tions are predictable to have serious effects on stock markets.
If today’s pattern continues, COVID-19 will cause stock ex-
change declines of between 14 and 32% and foreign invest-
ment declines of 30–40% by 2022. It is also projected that
multinational companies will cut their investment abroad by
20–30% by 2020. These estimates should only be raised by
government efforts to bring commercial networks back to the
USA. While professional and political figures view COVID-
19 as the highlight of globalization, the danger to rely heavily
on other economies is also highlighted and the current effect
of spillover intensification. Others say that the effects of the
COVID-19 will be ephemeral and that it does not assist coun-
tries cope with the crisis to push commerce inward.

The study’s coefficients were significant at a p-value
of 5%. Quite unexpectedly, there was a greater coeffi-
cient in the Shanghai Bourse and Dow Jones Industrial
Average. At 5% level, all international stock exchanges
have statistically important volatility coefficients
(Table 6). That shows nevertheless queuing with the
universal index of dread of the COVID-19 epidemic;
the volatility index of global financial markets changed.
Since stock indexes have shut down, the international
economy has been exaggerated by the COVID-19 epi-
demic. The return on US Treasury Bonds for 10 years
has likewise fallen to 0.67%. Several recent research
studies have studied and demonstrated the detrimental
impact on financial markets of the COVID-19
pandemic.

FC is the constant, FI the COVID-19 fear indexes, the
equivalent is the variance coefficient for an index of stock

Table 5 First-order difference analysis

Paradigms First-order differences

FC −1.43 (3) −3.48 (2)*
FI −1.29 (3) −3.59 (1)*
φ −1.33 (3) −3.43 (2)*
ω −1.41 (3) −3.33 (2)*

Table 6 AR(1)-GJR(1,1) model
estimates1 S & P (500) NASDAQ DOW DAX CRIA Cyprus

FC −0.0214* −0.0360* −0.0214* −0.0289* −0.0241* −0.0214*
FI 0.045* 0.245* 0.434* 0.665* 0.326* 0.675*

FI 0.0019* 0.0214* 0.0065* 0.0399* 0.0032* 0.0021*

∅ −0.001 −0.002 −0.001 0.003 0.065 0.765

W 0.0004* 0.0002* 0.0022* 0.0060* 0.0029* 0.0000*

φ 0 0 −0.001 0 0 0

∅ 0.0410* 0.0532* 0.0301* 0.0458* 0.0501* 0.0199*

∄ 0.676 0.324 0.546 0.765 0.324 0.344

∩ 0.4751* 0.149* 0.4156* 0.7635* 0.4876* 0.345*

AIC 0 0 0 0 0 0

φ 0.3014* 0.250000* 0.2141* 0.5012* 0.2965* 0.2145*

1 Skewed t distribution regarding calculations was offered here as models about four marketplaces

Note: * indicates 1% significance level

60027Environ Sci Pollut Res (2021) 28:60019–60031



price volatility, and β is the variability of the dependent study.
The autonomy parameter is equal to 2 with the exception of
the S&P500 index. The German economy has also a “sharp-
V” characteristic of recovery. It shows the economy has col-
lapsed and rebounded rapidly. This form represents an eco-
nomic loss and an increase in job patterns, GDP, and the rate
of output in industry. Finally, the economy is subject to seri-
ous fines for people who do not comply with the rules on
masks (50 euros). As a result of the abovementioned national
measures, the Dutch economy is expected to fall first by 11%
before expanding quickly and becoming stronger than before.
Table 7 displays that the enduring volatility frequency is the
lowest overall volatility spill, followed by the lowest volatility
(0.049%), followed by the lowest volatility (0.297%) and the
highest volatility frequency. More specifically, the NASDAQ
(28.433%) had the most volatility spread. The S&P500 saw
the largest volatility spillover of DAX (24.556%), the
S&P500 had the highest volatility effect (38.195%), and the
S&P500 had the largest volatility effect in Cyprus (38.195%
and 56.9011%).

The epidemic saw strong economic growth in European
countries. The Dutch economy was later revised, and favorable
results in the fourth quarter of 2020 were attained. The economy
was saved despite the losses caused by global fatalities.

Contrary to other countries, official lockouts and rec-
ommendations were enacted by the international com-
munity, including distances from the welfare system,
labor at home, and protection of people. There are three
sections of the economic recovery approach. The brief
period of recovery is as follows: The initiative proposes
to offer a stimulus grant of 130 billion euros. The aims
of the COVID 19 conference are to ease the recession

and increase demand. By the end of 2022, if not sooner,
the economy is expected to return to track with this
scholarship. In addition, it provides German people op-
timism that they will recover.

Conclusion and policy implications

The purpose of this study was to observe the immediate ef-
fects on world stock markets of COVID-19. In addition, this
research explores the unexpected impacts of a feared disease
pandemic on financial markets. Coronavirus outbreak rapidly
influenced worldwide supply and industry. The COVID-19
influence has resulted in new plans and methods in the future.
The connection between production and consumption has
been broken and the epidemic has developed. In order to
quantify its impact on public consideration to stock exchange
volatility, COVID-19 is dependable; based on wavelet
methods, lead-laying connections in the period-frequency
field were classified to overcome certain intrinsic problems
such as static and intermittence. The stock market of
COVID-19 plummeted by 26% in the course of 4 days.
During the first quarter of 2020, US GDP decreased respec-
tively by approximately 4.8% and 20% because of a massive
decline in the stock market index. According to our findings,
stock market volatility has been reduced in nations with more
cases of COVID-19. The results of the robustness test were
true in univariate and multivariate models. In addition, the
outbreak indirectly affected inventory performance.
Following lockdowns by governments, stock returns seemed
in a few weeks to be rather low. As a result of the pandemic,
volatility in the stock market plummeted by 65% and 57%
respectively for NASDAQ and CRIA; in addition, we discov-
ered that the worldwide fear index of S&P500 was largely
linked to the COVID-19 investor.

If COVID-19 spreads, we should examine not only how
possible public health disasters could be prevented, but also
how financial issues might be addressed. The virus expands
and duplicates every 2 or 3 days, if not sooner, the number of
new infections. Pandemic worry and regulations to limit the
transfer of diseases resulted in a global supply shock, particu-
larly in the manufacturing and labor-intensive industries. The
operations close or decrease in order to protect personnel,
factories, and offices, which results in a reduction in work-
force, efficiency, and consequently business profitability. It
would leave many enterprises in a condition of insolvency
and would force firms to slash employees or to close down
completely if they were not treated correctly by authorities.
That’s the main reason why worldwide financial markets are
in turmoil. Investors see the pandemic as shrinking and are
unclear about future sales, so stock prices reflect future in-
come prospects. The traditional response of investors is to sell
the equities before the deterioration becomes obvious.

Table 7 GARCHX estimation analysis

Mean equation Variance equation

COVID-19 0.325*** (0.002)
0.384 (0.12)

-

S&P500 −0.6397*(0.323)
0.348*** (0.000)

-

DOW −1.9982*
1.364***(0.000)

-

DAX - 0.0050*
(0.000)

S&P500 - 0.4571*
(0.000)

NASDAQ - 0.5124*
(0.0000

DOW - −0.201
(0.000) *

Diagnostics

LM test for heteroscedasticity (0.76) (0.80)

Source: Authors’ calculation

Note: *,*** indicates 1% and 10% significance level
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The implications for policymakers of our research are sub-
stantial. A combination of government officials and regulatory
authorities for investment banks and the Central Bank is needed
for tackling this challenge. If current debts were rolled over, bank
regulators may be sympathetic to firms in economically seriously
hit industries, including the manufacturing industry, travel, and
tourism. Dealing with the COVID-19 situation calls for a prag-
matic strategy, where officers can swiftly alert people without
confusion of their plans and of the health care system.

This study presents an early evaluation of the problem of the
pandemic, but further study in and between foreign markets on
investor confidence is required. The analysis can be utilized as the
foundation for future investor feeling and uncertainty research.We
are using our findings in order to efficiently communicate the risk
of infections, based on the practicality of our conclusions, to insti-
tutional and private investors, financial advisers, and financial and
industrial professionals, and public health officials should also
comprehend their communications’ psychological and emotional
consequences. An additional problem is that because of the lack of
data, demographics such as age, gender, education, stock market
experience, and kind of investor could not be investigated.

The results imply that investors have been dismayed and
therefore regarded companies as unpredictable and encouraged
investors to decide on investment. COVID-19 was utilized as a
signal when stakeholders took investment decisions. Under the
premise of an efficient market hypothesis, investors make deci-
sions based on basic analysis that provides an indication of the
importance of key stock price influences in the near term and
technical analysis that includes regular stock price and the psy-
chological aspects of the market. A productive market ensures
that all market facts are contained in stock prices.

For each country’s capital, the temperature statistics are re-
corded that may or may not precisely represent the climate pat-
terns of the country. In the future study, this requirement will be
solved. Strong co-movements can be detected and causes can be
found to explain these co-movements. Therefore, the short-term
and long-term consequences of the single COVID-19 pandemic
may also be taken into account in the future study as well as in
the sample size of larger data on other macroeconomic variables
such as the GDP growth rate, PPI, employment rates, monetary
policies, and other similar factors.

Open innovation implications

The COVID-19 pandemic has had a huge impact on industry.
As a result, organizations should react appropriately. To com-
bat this pandemic, open creativity and innovation are needed.
Because of its strategic position in organizations’ develop-
ment, open innovation has been one of the most hotly
discussed subjects in management research in the last decade.
Open innovation will prompt a company to make the neces-
sary adjustments to ensure its long-term viability. An organi-
zation’s survival can be accomplished by open innovation.

Furthermore, open innovation fosters a culture of innovation,
learning, and information sharing. Organizations would have
more options to react to challenges as a result of creativity. A
learning culture encourages companies to develop their skills,
while a knowledge-sharing culture increases human resource
competence in the face of new challenges.

Topics for future research and limitations

Despite these and other limitations, we believe that our find-
ings are important for several reasons. Since the current study
is limited only the global economic condition, its generaliz-
ability is limited. It is proposed that more global financial
factors and mental health condition samples be taken for com-
parative studies. There may be parallels to pandemics as well.
A longitudinal research may also be carried out to gather data
for future applications and brand-new issues.
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