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Abstract

The purpose of this study is to probe the impact of the novel
coronavirus (COVID-19) outbreak on stock market returns and
volatility in developed markets. We employ a panel quantile
regression model to capture unobserved individual heterogeneity
and distributional heterogeneity. The study’s findings reveal that
there is a heterogeneous impact of COVID-19 on stock market
returns and volatility. More specifically, there is a negative impact
of COVID-19 on stock returns in the bearish stock market;
however, there is an insignificant impact of COVID-19 on stock
returns in the bullish stock market. Furthermore, COVID-19 has
a positive impact on stock market volatility across all quantiles.
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Introduction

There are a plethora of studies that investigate the factors that affect stock market
returns and volatility. However, one strand of literature probes the impact of events
on stock market returns and volatility. These events include; sports (Buhagiar et al.,
2018), news (Li, 2018), environmental (Alsaifi et al., 2020; Guo et al., 2020), disasters
(Kowalewski & Spiewanowski, 2020), and political events (Bash & Alsaifi, 2019; Shanaev
and Ghimire, 2019). Thus far, there is limited literature that examines the effect of
pandemic diseases (e.g., SARS and EVD outbreak) on stock markets (Chen et al.,
2007, 2009; Ichev & Marin¢, 2018). Therefore, it is essential to scrutinize the impact

of pandemic diseases on stock market returns and volatility.

Parallel to this, on December 31, 2019, WHO (world health organization) reported
the first case of novel coronavirus (COVID-19) in China. This virus has spread to almost
every country of the world. As of May 5, 2020, there were 4014436 confirmed cases of
coronavirus around the globe. Countries worldwide follow protective measures to mitigate
the spread of this outbreak, such as the social distancing and lockdown policy. Therefore,
this outbreak has enormous economic impacts. The global GDP growth rate has plunged
due to the coronavirus outbreak. Energy markets are also affected by this outbreak.
On March 23th, 2020, Brent oil prices plunged about 24%. Next, the manufacturing
industry has been affected by the coronavirus outbreak. 98% of respondents of a survey
conducted by the British Plastics Federation speculate that the coronavirus outbreak has

harmed the manufacturing industry in the next few quarters.

Moreover, there is also a surge in the unemployment rate due to this outbreak.
Thirty million people have become unemployed in the US within few months due to
this coronavirus outbreak. Furthermore, it is well known that investment and doing
business positively impacted economic development (Cinéalovd et al., 2021). However,
the COVID-19 pandemic adversely impacts investment and doing business (Donthu &
Gustafsson, 2020). Moreover, the COVID-19 pandemic also hits the creative industry
(Bhowmik et al., 2021). Next, Baker et al. (2020a) note that coronavirus outbreak generates
economic policy uncertainty. Next, Baker et al. (2020b) conclude that the coronavirus
pandemic decreases household spending. Sharif et al. (2020) find that the COVID-19
outbreak affects economic policy uncertainty, geopolitical risk, oil prices, and stock markets.

Thus, the novel coronavirus (COVID-19) outbreak affects each sector of an economy.

Coronavirus outbreak has profound impacts on stock markets. Researchers have been
examining the relationship between the stock market and COVID-19 since the pioneer
study of Goodell (2020). Yarovaya et al. (2020) propose a conceptual framework that
could be used to investigate the relationship between pandemics (e.g., COVID-19) and
the Stock market. In this background, Ashraf (2020) examines the effect of COVID-19
on stock markets using pooled OLS, fixed effect, and random effect models. The author
reports that COVID-19 harms stock market returns. Baker et al. (2020c) investigate
the impact of coronavirus on the stock market through newspaper articles. The findings
of the study conclude that stock market returns decrease due to coronavirus. However,

coronavirus increases the volatility in the stock market.
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Similarly, Liu et al. (2020) probe the effect of coronavirus outbreaks on stock markets
of developed countries using event study analysis. The findings from the study show
that the coronavirus outbreak affects the stock market returns and volatility. Moreover,
Zhang et al. (2020) employ a minimum spanning tree approach and conclude that
coronavirus outbreak surges the stock market volatility. Al-Awadhi et al. (2020) employ a
panel fixed effect model and note that the coronavirus outbreak negatively impacts stock
market returns in China. Further, the study also concludes that coronavirus outbreaks
positively impact a few sectors (e.g., medical, information technology, and medical).
The studies above on the relationship between COVID-19 and stock markets mainly
employed panel data regression models (e.g., fixed effect model). There is a limitation
of these studies above, such as they ignore the unobserved individual heterogeneity and
distributional heterogeneity. If we overlook these heterogeneities above, then we may

get misleading results.

There is a limited amount of literature that explores the impact of outbreaks on
stock markets. This section, therefore, reviews some studies that investigate the effects of
outbreaks on stock markets. Delisle (2003) investigates the cost of the SARS outbreak and
finds that the SARS outbreak has a significant impact on the financial market. Further,
the author reports that the economic cost of the SARS outbreak is almost equal to the
cost of the global financial crisis. Similarly, Nippani & Washer (2004) examine the effect
of the SARS outbreak on stock markets and note that the SARS outbreak harms the
stock markets of China and Vietnam. Next, Del Giudice & Paltrinier (2017) probe the
impact of Arab Spring and the Ebola outbreak on equity markets. The findings reveal
that their equity markets are affected by these outbreaks above.

Moreover, Macciocchi et al. (2016) scrutinize the effect of the Zika virus outbreak
on stock markets and report that there is a negative relationship between the Zika virus
outbreak and the stock market in the case of Brazil. Chen et al. (2007) note that the
SARS outbreak negatively affects the hotel stocks. Wang et al. (2013) conclude that
outbreaks caused by any infectious disease affect biotechnology stock. Moreover, Conlon
& McGee (2020) conclude that bitcoin does not behave like a safe haven during the
COVID-19 pandemic. Next, Goodell & Goutte (2020) also find that COVID-19 escalates

the prices of bitcoin.

Recently, Bouri et al. (2021a) used DECO-GARCH models on selected industries
of the New Zealand stock market to explore the effect of three policies, namely, the
lockdown, the stimulus package, and the travel ban. The study's findings conclude that
there is a heterogencous impact of these policies on selected stock indices. Moreover,
healthcare, technology, and real estate stock indices are found immune to these policies.
Next, Abuzayed et al. (2021) examine the systematic risk spillovers between global and
selected countries' stock markets using DCC-GARCH models during the COVID-19
period. The findings reveal that the spillovers are profound during the COVID-19
pandemic.

Moreover, Bouri et al. (2021b) employ the TVP-VAR connectedness approach
to investigate the connectedness among selected financial assets during the COVID-19
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pandemic. The results show that the Bond and USD indices are the net transmitter,
while the equity indices are the net receiver. Furthermore, a few research outlets examine
the safe haven properties between gold and Asian stock markets during the COVID-19
outbreak (Yousaf et al., 2021). Parallel to this, a line of research explores the asymmetric
volatility spillover between stock markets during the COVID-19 pandemic (see, e.g.,
Shahzad et al., 2021).

Similarly, using two-step GARCH models, Hoang & Syed (2021) probe whether
VIX and CSFB predict the volatility of currencies and commodities in the pre-and post-
COVID-19 period. The results note that both VIX and CSFB do not explain the volatility
of currencies and commodities during COVID-19. Likewise, Hashmi et al. (2021) explore
the asymmetric impact of the COVID-19 outbreak on stock prices of the E7 economies.
The findings from quantile-on-quantile regression reveal the asymmetric impact of the
COVID-19 pandemic on selected stock indices. Yousfi et al. (2021) compare the correlation
between US and China stock markets for the first and second waves of the COVID-19
outbreak. The findings reveal that correlation between the considered stock markets is
relatively profound during the COVID-19 period. One strand of the COVID-19 &
stock market literature uses event study analysis. For instance, Sun et al. (2021) noted
that the COVID-19 had a detrimental impact on the Chinese stock market during the
pandemic. Recently, Gao et al. (2021) used a wavelet-based QQ regression approach to
examine the effect of the volatility of the COVID-19 outbreak on the volatility of the
US and Chinese stock market. The study finds that the COVID-19 pandemic positively
impacts US stock market volatility, and that effect is relatively significant compared to
the effect on the Chinese stock market. Likewise, Rahman et al. (2021) also reported
that the COVID-19 outbreak harms the stock market in the case of Australia.

In this background, the present study scrutinizes the impact of coronavirus outbreaks
on stock market returns and volatility in developed markets. This study contributes to
the literature in three ways. First, as there are limited studies that probe the impact
of outbreaks on stock markets, the present study fills this gap. Second, the present
study employs a panel quantile regression model that captures the unobserved individual
and distributional heterogeneity. Besides, this model also minimizes the problems of
heteroscedasticity, multicollinearity, and estimation bias (Baltagi, 2008; Woolridge, 2010).
Next, to the best of our knowledge, no study investigates the impact of coronavirus
outbreaks on stock markets during different trends (e.g., bearish, normal, and bullish).
Therefore, this study fills this gap by scrutinizing the impact of covid-19 on bearish,
normal, and bullish stock markets. Furthermore, this study provides empirical evidence
on whether COVID-19 affects stock returns and volatility in developed stock markets

to help investors and policymakers in portfolio diversification and policy implications.

Methods

The purpose of this study is to investigate the impact of novel coronavirus outbreaks
on stock market returns and volatility using a panel quantile regression model. The
study uses daily data ranging from December 30, 2019, to March 24, 2020. Further,
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we use seventeen developed stock markets, including Austria, Australia, Canada, Finland,
France, Germany, Ireland, Japan, Netherlands, New Zealand, Norway, Spain, Singapore,
Sweden, Switzerland, US, and the UK. Further, we choose countries and periods based
on data availability.

Further, we also take log differences of stock prices data in order to calculate
stock returns. Moreover, to calculate volatility, we employ the GARCH (1, 1) model
on stock prices. The key independent variable of the present study is the number of
daily deaths from coronavirus pandemics. The data on deaths from coronavirus are taken
from World Health Organization (WHO) database. The study also includes daily oil
prices as a control variable to eradicate omitted variable bias. Furthermore, we convert

all independent variables into log difference series.

Table 1. Summary of Descriptive Statistics

CovID oil Stock
Mean 0.377443 -0.001481 -0.198646
Std. Dev. 1.052633 0.032201 1.288404
Skewness 3.319868 -0.589610 -0.659903
Kurtosis 14.28354 10.16411 8.628119
Jarque-Bera (0.000000)*** (0.000000)*** (0.000000)***

Note: “COVID" shows deaths from coronavirus. “oil” shows log difference of oil prices, and “stock” represents stock returns. (.) is the
p-value. Also, *, **, *** represents level of significance at 10%, 5%, and 1%.

Table 1 reports descriptive statistics of all data series. As can be seen, on average,
stock market returns and oil returns are negative. Moreover, stock market returns are
highly volatile as the standard deviation value is highest for stock market returns. Next, all
data series are skewed. Further, kurtosis illustrates that the tails of all variables are thick.
At last, the Jarque-Bera test concludes that all variables are not normally distributed. As
the data are not normally distributed, employing OLS (ordinary least square) may give
misleading results (Binder & Coad, 2011). Thus, it is appropriate to employ quantile

regression methodology.

Table 2. Summary of Unit Root Tests

Unit root test coviD Oil Stock coviD Qil Stock
1(0) 1(0) 1(0) 1(1) 1(1) 1(1)

LLC- test (0.42) (0.23) (0.14) (0.00)** (0.00)** (0.02)**

ADF - Fisher (0.21) (0.11) (0.27) (0.00)** (0.01)** (0.00)**

PP - Fisher test (0.13) (0.24) (0.10) (0.00)** (0.00)** (0.00)**

Note: () is p-value. ** shows level of significance at 5%.

Table 2 demonstrates the results from unit root tests. We apply three different

unit root tests to discern the order of integration of data. The results from these tests
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reveal that all variables have the problem of unit root at the level. Further, all variables

are stationary at the first difference at a 5% level of significance.

We employ a panel quantile regression model to probe the impact of novel
coronavirus outbreaks on stock market returns in developed economies. This model
describes the impact of coronavirus outbreak on all selected quantiles of stock market
returns and volatility. Most of the time, studies employ traditional OLS methodology,
leading to misleading results due to the non-normal distribution of data. On the contrary,
quantile regression gives unbiased & efficient results even in the case of non-normal
distribution. Moreover, this methodology is not outlier sensitive, which is another
advantage of this methodology. These properties above quantile regression prompt many

researchers to employ this methodology.

Qyi (D1x) = x]atg ()

Equation (1) demonstrates the conditional quantile Yi in a given xi. However,
@ it denotes the quantile. While using quantile regression methodology in panel data,
unobserved heterogeneity is taken into account, which prompts a panel quantile regression
model with a fixed effect. This model enables us to control unobserved individual
heterogeneity. The panel quantile regression model with fixed effect is mentioned as

follows.

Qie Delo xie) = @+ x,0(p) @

In equation (2), @i captures the fixed effect that brings the incidental parameter
problem (Lancaster, 2000). With fixed time-series observations for each cross-sectional
unit, the estimator becomes inconsistent when the cross-sectional unit approaches infinity
(Kato & Galvao, 2010). Thus, we cannot use conventional linear approaches in the
panel quantile regression model. Koenker (2004) develops an approach known as the
shrinkage method to solve the problem mentioned above of panel quantile regression.
This method introduces a penalty term to eliminate the unobserved fixed effects. The
parameters of the model are estimated as follows.

@@, m), { 9; MY =)= argmin T XT XN O pore(yie — 01 — x,,a(p) +

N2 el (3)

»

In equation (3), “i” and “t” represent country and year, respectively. Further, “k”
represents the quantile; however, p@k shows the quantile loss functions. Moreover, Qk
shows the given weight that is assigned to k-th quantile. Qk Captures the contribution
of different quantiles. Similar to Lamarche (2011), we also set Qk =1/k. n is tunning
term/parameter used to plunge the individual effect to zero for better estimation of slope
coefhicients in the model. We also set the value of 1 = 1 as many studies, for instance,

Zhu et al. (2018), set the value of n =1.

As this study scrutinizes the impact of coronavirus outbreak on stock market returns

and volatility, we develop the panel quantile model mentioned as follows.

Qvit Drloi, xit) = @i + a19COVID; + a;401L;; (4)
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In equation (4), we denote country and time with indices “i” and “t” respectively.
@i shows unobserved heterogeneous effects across countries. Moreover, yit represents the
stock market returns (volatility). Next, COVIDit demonstrates the number of deaths
from coronavirus. To eliminate omitted-variable bias, we include an additional variable

such as daily oil prices (OIL,).

Results and Discussion:

We also employ pooled OLS and fixed effect models to compare these models'
results with the panel quantile regression model. From panel quantile regression, we
report results of 25th percentile (bearish market), 50th percentile (normal), and 75th
percentile (bullish market) of conditional stock market returns (volatility). Table 3 reports
the results from pooled, fixed effects, and panel quantile regression.

Table 3. Summary of Results for Stock Market Returns

OLS Regression Quantile Regression
Variable

Pooled Fixed Effects 25t 50t 75%

Constant -0.17%** -0.17%** -0.44%** -0.04 0.27%**
(0.00) (0.00) (0.00) (0.20) (0.00)
COvID -0.07** -0.10** -0.57%** -0.17** 0.12*
(0.04) (0.01) (0.00) (0.02) (0.05)
Oil -7.52%*% -7.57%* -8.63%*¥ -6.60%** -3.7%
(0.00) (0.01) (0.00) (0.00) (0.07)

Note: (.) represents the p-value.
Also , ¥, **, *** represents level of significance at 10%, 5%, and 1%.

As can be seen in Table 3, the results are heterogeneous. Pooled OLS concludes
that a 1% rise in deaths from coronavirus is responsible for a 0.07% plunge in stock
market returns in developed markets. Further, the slope coefficient of COVID from
the fixed effects model finds that a 0.10% decline in stock returns is fostered by a 1%
increase in deaths from coronavirus.

Findings from the panel quantile regression model reveal that coronavirus outbreak
has a negative and statistically significant impact on stock market returns. Our findings
are in line with the findings of Al-Awadhi et al. (2020), Baker et al. (2020c¢), and Liu
et al. (2020). It is worth reporting that our results are contrary to the findings of Liu
et al. (2020), who argued that the COVID-19 pandemic escalates the stock returns.
Furthermore, results from panel quantile regression are also heterogeneous across the
distribution. At the 25th quantile, the coeflicient of COVID is -0.57, which means
that a 1% increase in deaths reduces the stock returns by 0.57% in the bearish market.

This outcome is also backed by the findings from the study of He et al. (2020).
Also, Apergis & Apergis (2020) noted that the COVID-19 pandemic plunges the stock
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returns in the Chinese stock market. Meanwhile, at the 50th quantile, the coefficient of
COVID describes that a 1% increase in deaths from coronavirus outbreaks will cause
a 0.17% decline in stock returns. This conclusion is similar to the results of Anh &
Gan (2020), who report that the COVID-19 outbreak has a detrimental impact on the
Vietnam stock market. Next, at the 75th quantile, the coefficient of COVID is statistically
insignificant. It implies that the coronavirus outbreak does not affect the stock returns
in the bullish market. This finding is somehow in line with Cepoi's (2020) conclusions,
noting that panic due to the COVID-19 outbreak does not affect the bullish stock market.

The effect of oil prices on stock returns is also heterogeneous. At lower quantile,
the effect of oil prices on stock returns is profound; however, the effect is meager and
statistically insignificant at upper quantile. The results are also backed by the conclusion
of Lee & Zeng (2011), who report that oil prices plunge the stock prices at different
quantiles. Moreover, Kilian & Park (2009), and Kang et al. (2015) conclude the same
findings that oil prices negatively impact stock returns. It is worth reporting that our
findings are somehow backed by the conclusion from the study of Bouri (2015) and
Bouri et al. (2017) that expound the impact of oil prices on the stock market. Thus,
findings show a profound impact of coronavirus outbreak on stock returns at lower
quantile compared to upper quantile. The findings postulate that stock returns of bearish

stock markets are more vulnerable to coronavirus outbreaks than bullish markets.

Next, Table 4 reports the impact of coronavirus outbreak on stock market volatility
from pooled OLS, fixed effects, and panel quantile regression model. The impact of
coronavirus outbreak on stock market volatility varies from one methodology to another.
In table 4, pooled regression model reveals that a 1% increase in deaths from coronavirus
generates 1.43% volatility in developed stock markets. Next, the fixed effects model
concludes that volatility increases by 1.55% due to a 1% increase in deaths from

coronavirus outbreaks.

Table 4. Summary of Results for Stock Market Volatility

OLS Regression Quantile Regression
Variable

Pooled Fixed Effects 25t 50t 75t

Constant 1.171%%% 1.08*** 0.01* 0.09%** 0.37%**
(0.00) (0.00) (0.06) (0.00) (0.00)

COovID 1.43%** 1.55%** 0.15** 0.55%** 1.52%**
(0.00) (0.00) (0.01) (0.00) (0.00)

Oil 39.71 26.39 12.95*% 82.03* 337.37*%
(0.42) (0.58) (0.07) (0.06) (0.09)

Note: (.) denotes the probability value.
Also, *, **, *** represents level of significance at 10%, 5%, and 1%.

On the contrary, the panel quantile regression model highlights that coronavirus
outbreak has a positive and statistically significant impact on stock market volatility.
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Our findings align with Zhang et al. (2020) study, which notes the market risk impact
of coronavirus outbreaks in developed stock markets. However, we find heterogeneous
results across the distribution. At the 25th quantile, a 0.15% rise in volatility is fostered
by a 1% increase in deaths from coronavirus. Further, at the 50th quantile, a 1% surge
in deaths from coronavirus is responsible for a 0.55% increase in volatility in developed

stock markets.

Moreover, at 75th quantile, volatility in developed stock markets escalates by 1.52%
due to a 1% increase in deaths from coronavirus. Table 4 shows that the coefficient of
COVID is increasing with the increase in quantile. The findings from the panel quantile
regression model reveal that the coronavirus outbreak generates less volatility in developed
stock markets at 25th quantile and high volatility in markets at 75th quantile. These
results are somehow backed by Baek et al. (2020), who argued that the COVID-19
outbreak surges the stock market volatility. Moreover, Papadamou et al. (2020) note
that Google search related to the COVID-19 pandemic positively impacts stock market
volatility. Similarly, Uddin et al. (2021) described that the COVID-19 outbreak increases
the volatility of 34 developed and emerging stock markets.

Our findings propose that investors should not invest in bearish stock markets during
the pandemic as bearish markets are vulnerable to the COVID-19 outbreak. Therefore,
the government should initiate measures to stabilize the economy that will eventually keep
the stock market safe from the detrimental impacts of the COVID-19 pandemic. Next,
bullish stock returns are immune to COVID-19; therefore, investors may invest in these
markets in times of outbreaks. It is worth reporting that investors ought to inject their
investment in the bullish stock market whenever the wave of the COVID-19 outbreak
occurs in order to get capital gains. Moreover, markets with high uncertainty are relatively
more vulnerable to COVID-19 outbreaks. Thus, risk-averse investors should not invest
in these markets mentioned above during outbreaks. Hence, during the pandemic, it is
better to invest in a stock market with meager volatility. Next, COVID-19 harms stock
markets; therefore, policymakers should introduce measures to offset the adverse effects of
the COVID-19 outbreak. For instance, the US announce quantitative easing to escalate

investment. Economies should take these kinds of measures to facilitate investors.

On the contrary, Policymakers from emerging countries have to keep an eye on
the policies of developed markets as they have spillover effects on emerging markets. For
instance, Syed et al. (2019) conclude that US quantitative easing has a spillover effect on
emerging economies’ stock markets. Thus, emerging economies should propose policies
that could keep the financial markets safe from COVID-19 outbreak and spillover effects

from developed economies' quantitative easing.

Conclusion

This study aims to probe the impact of coronavirus outbreaks on stock market
returns and volatility in developed markets. We employ a panel quantile regression model

to examine the non-linear effects of coronavirus outbreaks. The findings conclude that
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coronavirus harms stock market returns at the 25th quantile. Moreover, there is an
insignificant impact of coronavirus on the stock market at 75th quantile. Next, there is a
positive impact of coronavirus outbreak on stock market volatility. At the 25th quantile,
there is a meager impact of coronavirus on stock market volatility. However, at 75th

quantile, there is a profound impact of coronavirus outbreak on stock market volatility.
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