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ABSTRACT ARTICLE HISTORY
Behavioural finance literature explains that investment decisions Received 14 July 2020

are subject to ‘investor sentiment’ and, consequently, may affect ~ Accepted 8 December 2020
the pricing of various asset classes. Our study examines the 12
major equity markets amid the COVID-19 pandemic disease out-
break in relation to returns and volatility behaviour. Empirical
results show that the number of new cases and deaths recorded
daily because of COVID-19 has disrupted investors’ sentiments
globally, and also, the market has experienced an unparalleled JEL CLASSIEICATION
negative return. Market connectedness and volatility spillover G10; G14; G15; C22
deliberate on the increased risk of emergent pandemic crises,

which has become more pronounced during the first quarter of

2020. Further, after the global financial crisis, the volatility index

has appeared at its highest level for the very first time. The

unprecedented rise in the volatility index level indicates more sig-

nificant pressure on put options as a hedge against the pandemic

uncertainty.
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1. Introduction

The recent outbreak of novel coronavirus (COVID-19), pneumonia of an unidentified
source, was spotted in Wuhan, China, and its first news was published by the World
Health Organization (WHO) on 31 December 2019. The WHO acknowledged this
disease outbreak to be a public health emergency of international apprehension on 30
January 2020. Subsequently, on 11 March 2020, the organisation declared the
COVID-19 a global pandemic event. The contagious spread of COVID-19 has
emerged as one of the threats to the equity market participants and has increased
stock market volatility around the globe. Hence, our purpose of the study is to
uncover the effects of ‘disease outbreak news (DONs) for COVID-19 concerning the
global equity market returns and the volatility index (VIX) in the time series and
panel data setting. We further aim to uncover the market connectedness and volatility
spillover among the major equity market based on the vector autoregression (VAR)
framework of Diebold and Yilmaz (2012).
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The COVID-19 pandemic outbreak has many consequences: infectious diseases
impact not only future investment but also labour productivity and economic activity,
and further risk management (Laxminarayan & Malani, 2011). There has been a close
relationship between economic crises and pandemic infectious diseases transmission,
for example, Global Finance Crisis 2008-2009 that prevailed because of contagious
disease HIN1. Many studies report long-run effects of such financial crises on the
global health system (Suhrcke et al., 2011). Hence, Sands et al. (2016) provide a con-
ceptual framework to account for the likely impact of infectious diseases on the
macroeconomy and insist necessary database for the forecasting. They also assert on
health authorities for providing digestible input data to perform economic forecasting.
Henceforth, the macroeconomy and sustainable economic growth depends on robust
financial and health systems (Batrancea et al, 2018; Ioan, Malar Kumaran, et al,
2020; Ioan, Mozi, et al., 2020; Larissa, et al., 2020).

In this article, we take the opportunity to deal with the recent pandemic infection
COVID-19, which has disrupted the global equity market. Our aim of the study is to
show the effects of the number of infections and the number of deaths on the return
and volatility concerning the major equity markets. As per empirical hypothesis, ‘the
growth of COVID-19 infection affects equity market adversely and raises the expected
stock market volatility’. The preliminary statistical analysis and empirical results pro-
nounce the effects of a pandemic on the equity market. The exponential rise in the
number of COVID-19 cases disrupted the global equity market sentiment and surge
in the expected stock market volatility. The peak of investor fear stood at 86.01% for
Germany and was the lowest for Australia. The association between the growth of
COVID-19 and stock market development appears to be negative and statistically sig-
nificant. The fact that negative estimates across all facets of pandemic outbreaks
appear to be statistically significant implies that diseases outbreak among all countries
has raised the stock market uncertainty. The essential findings of the study show that
the announcement of an international emergency from the WHO has drawdown the
equity market performance globally. The total connectedness index (TCI) shows that
volatility spillover has increased and that markets appear to be more connected dur-
ing the pandemic outbreak.

Section 2 of this article presents the literature evidence; Section 3 explains the
data, preliminary analysis and empirical model building with the model for market
connectedness; Section 4 offers results and discussion; and Section 5 ends with
the conclusion.

2. Literature evidence

Some of the pioneering works (e.g., Baker & Wurgle, 2007; Cen et al., 2013; Lucey &
Dowling, 2005) examine the impact of tail events on the investor’s psychology and
overconfidence, investors’ biases, mood swings and anxiety on market returns and
volatility. Several studies (e.g., Cen et al, 2013; Kamstra et al,, 2003; Kaplanski &
Levy, 2012) find that sunshine, public holidays and investors’ anxiety and mood
swings affect the returns and asset pricing. Moreover, another strand of studies (e.g.,
Donadelli et al, 2017; Kaplanski & Levy, 2010; Yuen & Lee, 2003) explains that
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unexpected and natural events impact investors’ sentiments. Subsequently, they affect
the risk-taking behaviour and fear for trading and lowers the willingness to partici-
pate in a risky investment. Conversely, disease outbreaks show a positive effect on
pharma stocks. Hence, our study extends the previous works on the relationship
between investor sentiment and DON:Ss, taking into account various growth indicators
of COVID-19, such as new COVID-19 cases and new deaths, total infections of
COVID-19 and total death.

Following studies provide crucial information on the relation between equity mar-
ket and infectious diseases outbreak studies: Chen et al. (2007) find that due to SARS,
Taiwan’s hospitality stock fell by about 29%; Chen et al. (2009) report that SARS
made a positive impact on the pharma and biotechnology stock in Taiwan Stock
Exchange; Wang et al. (2013) further extend work in terms of effects of pandemics
such as Enterovirus 71, dengue fever, SARS and HINI on the biotech firms in
Taiwan in terms of operational efficiency.

Some of the important recent studies on tail events, for example, Ebola outbreak
and geographical proximity effects, Ichev and Marin¢ (2018) find stock were more
volatile of origin of West Africa and the United States located. Bash and Alsaifi
(2019) studied the impact of the murder of Jamal Khashoggi on the Saudi Stock
Exchange and found that the event has raised a high risk of uncertainty with abnor-
mal cumulative returns. Unlike the previous studies, Kowalewski and Spiewanowski
(2020) studied the effects of mining disaster on the mining stock and found that
media coverage on the mining disaster resulted in a decline of 1.15% firm value.

There has been some recent descriptive documentation on the effects of the
COVID-19 outbreak on the U.S. economy. Baker, Bloom, Davis, Kost, et al. (2020)
employ a text-based quantitative framework to bring some insights into the recent
COVID-19 outbreak in the U.S. equity market. The text-based archival analysis shows
that recent stock market volatility has surpassed the ex post volatility level of October
1987, GFC 2008 and the Great Depression 1929-1930. Authors have presented excel-
lent work on infectious disease outbreaks such as COVID-19 development and
COVID-19-induced uncertainty. On the comparative analysis among several pan-
demic developments in the past, none of the pandemic events has affected the per-
formance of the stock market as significantly as COVID-19. Likewise, Baker, Bloom,
Davis, and Terry (2020) present one more piece of work on COVID-19-induced eco-
nomic uncertainty. As the question has been raised by Sands et al. (2016) about eco-
nomic forecasting induced by an infectious disease outbreak, Baker, Bloom and Terry
(2020, henceforth BBT) took this opportunity to build text-based forward-looking
measures of economic uncertainty induced by COVID-19. BBT forecast the US real
GDP using uncertainty shock and find contraction of output about 11% as of Q4
2020, which implies that COVID-19 persuades adverse effects. Hence, in our empir-
ical model, we add COVID-19-induced economic uncertainty as one of the factors to
explain the future level of implied volatility.

The recent media coverage and analyst attention include: for example, Larry
(2020) depicts the likely impact of the coronavirus on financial markets, whether it is
equity or commodity or FX market. COVID-19-induced volatility and uncertainty
have put much pressure on the well-developed and emerging markets. It is an
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uncontained epidemic: just wait and watch! Telford and Heath (2020) and Karabell
(2020) also explain the current development in the equity market on the declaration
of COVID-19 as a pandemic disease outbreak from the WHO, and they report that
Dow Jones industrial average has slanted into a bear market and is the lowest over
the last 11 years. Further, Kirby (2020) and Perry and Zweifel (2020) show concern
about the uncertainty of global recession-induced COVID-19 and depict other crises
due to growing fear of oil price decline, supply chain disruptions, Fed rate cut and
contagious effects on travel and tourism companies.

Recently, Al-Awadhi et al. (2020) investigated the impact of COVID-19 on the
Chinese stock market using panel data regression. The authors in their research show
that death and contagious infectious diseases impact the Chinese equity market and
also reveal that daily new cases and the total number of deaths due to the illnesses
exhibited negative stock returns among all companies. The work of Al-Awadhi et al.
(2020) and the research agenda set by Goodell (2020) demonstrate the fatal and con-
tagious effects of COVID-19 across global equity markets. Moreover, Bakas and
Triantafyllou (2020) studied the commodity price and pandemic uncertainty and
found a substantial adverse impact on the commodity market. The effect was more
pronounced in the crude oil market. Ali et al. (2020) examine the effect of the
COVID-19 global financial market and report that the Chinese market remains more
stable after the outbreak. Still, the global financial system has disrupted due to a
Coronavirus outbreak across other countries, mainly followed by Europe and the
United States. Haroon and Rizvi (2020) further deliberate on the relation between
COVID-19 media coverage and financial market reactions, and find overwhelming
panic produced by news media coverage and increased volatility in equity markets.
Further, Zhang et al. (2020) analysed rapid growth of COVID-19 across the globe
and its impact on the financial market; they found that zero percent interest rate and
unrestricted quantitative easing (QE) can help to recover the recent loss in the finan-
cial markets. Hence, our study contributes in terms of infectious diseases and market
sentiment (VIX) and further bring some empirical evidence on the market
connectedness.

3. Data sources, preliminary analysis and model building
3.1. Data, descriptive statistics and empirical model

In the studies of DONs, we consider major 12 equity markets and their VIX.! We set
our estimation window for the period January 2018 to March 2020, in which the
DONs COVID-19 event window ranges from January 2020 to March 2020.> We take
daily prices of the VIX along with their underlying equity index. Furthermore, the
information concerning the consequences of the infectious disease, for example, new
confirmed cases (NC), new deaths (ND), total cases (TC) and total deaths (TD), had
been considered from European Centre for Disease Prevention and Control (ECDPC)
across all 12 countries.’

Figure 1 (the first panel) shows the time series plot of the implied VIX along with
the respective country’s equity index. It is apparent that in the first quarter of 2020,
there was not much deviation between the two indexes from January to February.
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Figure 1. Temporal plot of stock index, implied volatility index and COVID-19 cases.
Source: Author’s calculation.

However, there has been a significant fall in the stock indexes during March, followed
by an exponential growth in the market volatility. The disease outbreak was more
pronounced across the global equity market during March 2020. The second panel of
the figure exhibits the plot of the VIX following the total cases of COVID-19 through
February and March 2020. It is visible that a sudden rise in the COVID-19 positive
cases disrupted the global equity market sentiment. Thus, there was a significant
surge in the expected stock market volatility during March.
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Table 1 displays the summary statistics on the returns and VIX, and further
COVID-19 daily new cases and daily deaths. First, looking at the VIX level of
respective countries’ average, the index levels of China and Italy are found to be
higher than the other countries, and corresponding underlying stock index returns
appear to be negative. For the stated sample period, the peak of investor fear stood at
86.01% for Germany and was the lowest for Australia. Second, the number of cases
confirmed daily for COVID-19 on average are found to be 1102.34: the maximum
cases being 35,252 for Europe, followed by the United States, with about 28,819.
Third, daily deaths, conversely, as a consequence of the disease, have been observed
to be 67.14 on average: with maximum mortality of 3424 in Europe, the second-high-
est, 1059, in the United States and third in Italy (839).

Figure 2 depicts the heatmap correlation matrix across global equity markets. We
can see that prior to the pandemic spread, the equity markets were connected glo-
bally. Still, during the COVID-19 outbreak, the degree of connectedness between
pairs of countries has increased and appears very close to 0.99. One of the interesting
facts that we observe is that the Chinese equity market exhibited a low negative asso-
ciation with Asia-Pacific and the U.S. markets, which becomes more pronounced and
encouraging during the pandemic spread. Figure 3 also displays the heatmap correl-
ation for major VIXs; one can see that volatility connectedness was found to be very
close among the European and Asian markets. During the pandemic period, the
degree of volatility spillover (further statistical evidence reported in the next section)
remains more visible between the United States and European markets, and similar
patterns are seen for the Asian and Asia-Pacific markets.

Table 2 summarises the correlation coefficient of various facets of COVID-19 and
indicators of the equity market. We can see that the association between the growth
of COVID-19 cases and stock market development appears to be negative and static-
ally significant. One can also see that the VIX and the increase in the COVID-19
cases exhibit a strong positive association. Hence, these are the prima facie evidence
of the effects of the pandemic outbreak on the financial markets. The impact of
COVID-19 on the global equity market can be presented as,

Rit = H + HIRH71 + TC]COVID].9JI71 + U (1)

1

R;= my + mRy, + D}?ONS{SOJFS]-COVIDM;H} + e (2)

We further establish the empirical relation between investors’ fear and COVID-19
DONs in panel data framework as follows:

4

impvol, = py + Ry + 1tjCOVID19JI:t71 + Ui (3)

impvolit = Ty + 1T1R,'t + D}?ONS{SO + SJCOVIDI%t_l} + e (4)

where impvol,, is the daily log-transformed values of the implied volatility index
(VIX) of i country in period t; it is regressed over R; corresponding equity index
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[ Pre-pandemic

AS51 DJIA |NIFTY |TOP40 |MEXBOL |CAC |DAX |FTSEMIB UKFTSE |HSI NIKKEI | EUROSTOXX

ASS51 0.426 -0.259 0.589] 0.483 0.460| -0.167 0.348

DIJIA 0.361 -0.177 0.580 0.460 0.388| -0.141 0.548

NIFTY 0.344] -0.256 0.417 0.287| 0.325| -0.194| 0316 0.557,
TOP40 0.426| 0361| 0344 0.463| 0.613 0.424

MEXBOL -0.259| -0.177| -0.256|  0.463 0.076| 0.416 0.359] 0.455| 0.552|  0.500 0.223
CAC 0.613| 0.076] 0.184

DAX 0.589| 0.580)| 0.417 0.416 0.460

FTSEMIB 0.483| 0.460| 0.287 0.359 0 0.594]|  0.611

UKFTSE 0.460| 0.388 0.325 0.455 0515

0.359

HSIT -0.167| -0.141 -0.194 0.552| 0.184| 0.460 0.594| 0.515

e
0.500 0.611 0.6
0.223

Jan-March2020-pandemic-period
DJIA |NIFTY |[TOP40 MEXBOIL. |CAC |DAX |FTSEMIB UKFTSE |HSI

FISEMIB

EUROSTOXX

Figure 2. Heatmap correlation matrix (Major equity market indexes).
Source: Author’s calculation.

| Pre-pandemic
AS51VIX |VXD |INVIXN |SAVIT40

ASS1VIX 0.329, 0.653

VXD 0.293 0.649 )

INVIXN 0.329) 0293 0.301 0.107| 0354 0.246/ 0.311 0220 0.239| 0313 0.310.
SAVIT40 0.653| 0.649] 0301 0.616| 0.612 0.550, 0.604 0.727| 0.595| 0.577 0.542.
SPBM VVIX 0.591| 0.644]| 0.107 0.619) 0.599) 0.584) 0.653 0.533] 0.533 0.573
VCAC 0.354, 0.619

VIXGER 0.246 0.599

IVMIB30 0311 0.584

VFTSEUK | 0.220 0.653

VHSI 0239, 0.533

VXJ 0313 0.533 0.666

VSTOXX 0.310, 0.573

Jan-March2020-pandemic-period

Figure 3. Heatmap correlation matrix (Major equity volatility indexes-VIX).
Source: Author’s calculation.

returns and various indicators of this outbreak. Here, COVID19],:,_1 indicates various
growth indicators of disease outbreak with one period lag, whe;e j = NC, new cases;
ND, new death; TC, total cases and TD, total death. COVID19, | has been measured
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Table 2. Correlation coefficients.

COVID-19 Stock index VIX Change VIX
NC = New Cases -0.1215 0.3669 0.1094

p value .0009* .0000* .0029*
ND = New Death -0.1413 0.3082 —-0.0905

p value .0001* .0000* .0140%*
TC =Total Cases -0.0758 0.3430 -0.1114

p value .0395%* .0000* .0024*
TD =Total Death -0.0971 0.2879 —0.0982

p value .0083* .0000* .0076*

Table shows the coefficient of correlation between equity market (Stock Index, VIX and Chapge iQ*VIX) g*rld growth of
COVID-19, the sample period for calculating correlation is January-March 2020, Significant at 1%, 5%,  10% level.
Source: Author’s calculation.

as an index of a disease outbreak by taking the log of (1 + NC), and is similarly cal-
culated for others (Eckstein & Tsiddon, 2004). DYO™ is a dummy variable that meas-
ures the contagious effects of infectious disease outbreak through January and March
2020. The empirical specification shown in Eq. (1) is the baseline model that reveals
the causal relation between pandemic outbreak and returns behaviours across the glo-
bal equity market, and Eq. (2) is an augmented regression model expressed as inter-
action between COVID-19 cases and DONs period. Equations (1) and (2) are
exclusively designed to address equity returns based on a single factor affecting amid
COVID-19. However, Chipeta and Szczygielski (2015) and Szczygielski et al. (2020)
present excellent empirical evidence on the underspecification and residual market
factor with factor omission and likely consequences on the return behaviour.
Szczygielski et al. (2020) consider monthly returns from the Johannesburg Stock
Exchange (JSE) addressing several industries in a time series framework with a multi-
factor model. Our single factor return model is based on the equity index of daily
data obtained from 12 countries in the panel data framework; it is not possible to
add multiple macroeconomic factors across the countries with different frequencies.
However, the work of Szczygielski et al. (2020) can be extended using COVID-19
data and return behaviour across the global equity market using a multifactor time
series model. Moreover, Eq. (3) is the basic COVID-19 specification that reveals the
likely impact of various outbreak cases on the future stock market volatility. Equation
(4) is the augmented regression model that measures the effects of DONs on financial
markets on the fear of COVID-19 fatality. Our empirical hypothesis is that ‘COVID-
19 infectious disease outbreak affects the global financial market adversely’.

3.2. Volatility spillover and market connectedness

Market uncertainty results in a sharp increase in volatility and spillover of the global
market. Pandemic and economic crises lead to instability in the financial system and
show contagion impact across various markets. The VAR framework is frequently
used to deal with the endogenous nature of economic variables and their relations.
Diebold and Yilmaz (2009) develop a framework from VARs for the volatility spill-
over measure based on forecast error variance decompositions. Diebold and Yilmaz
(2012) further extend their previous work and study daily volatility spillovers across
Stock, Bond, FX and commodities markets addressing the global financial crisis. VAR
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estimation is all about impulse response function and variance decomposition. DY
extend their work to decompose the total spillover in directional spillover using gen-
eralised VAR. To deal with market connectedness pre- and post-COVID-19, we
employ the DY generalised VAR mechanism in which error variance decompositions
are invariant among variable ordering and allow us to discover directional volatil-
ity spillover.

Considering there is a covariance stationary N-variable VAR(p) {x;}, variance
decomposition needs orthogonal innovations; cholesky factorisation process allows us
to achieve orthogonality. DY define the variance shares as H — step-ahead error vari-
ance decompositions Gf;(H )for H = 1, 2...; hence,

1 H-1 / Z 2

7 2uh=0 (eiAh e]-)

O(H) =2 ,
h=0 (eiAh ZAhej)

; (5)

Y

where ) denotes variance matrix for the error vector g, cji shows the standard devi-
ation for the error term for the jth equation and e; is the section vector, with one as
the ith element and zeros otherwise. Hence, the variance decompositions matrix
based on the sum of the row is given as follows:

- 6
05(H) = m (6)

and total spillover index for volatility is calculated as

Z%:ﬁ‘é(H) qu=1é‘;(H)
SH) = — 7T 4100 = — T 4100 7)
ijzle;‘;(H) N

The total spillover index explains the spillover of volatility innovations among the
12 major equity markets. Further, we calculate directional spillovers based on the
generalised variance decompositions matrix. The directional volatility spillover trig-
gered by market i ‘from’ all other markets j is given as follows:

S{(H) = ———*100 = —L——— %100 (8)
2105 (H) N

Likewise, volatility spillover transmitted by market i ‘to” all other markets j is given as

ZII\]] = 416}?,‘(H) ZI:I;; 1 é}gi(H)
SH) = — 7 s100=—"71 4100 9)
1 N g >
> =0 (H) N
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Table 3. Panel regression of equity market returns and COVID-19.

Estimate t-stat Estimate t-stat Estimate t-stat Estimate t-stat
Intercept -0.0002 -1.30 -0.0004 -2.38 -0.0001 -0.80 -0.0003 -1.99
Return(-1) -0.0887 -7.22 -0.0808 -6.57 -0.0906 -7.37 -0.0832 -6.77
NC COVID19(—1) -0.0028 -8.70*
ND COVID19(—1) -0.0026 —4.74%
TC COVID19(—1) -0.0020 -9.46*
TD COVID19(—1) -0.0022 -6.21%
Country dummy YES YES YES YES
Period dummy YES YES YES YES

Table shows the panel r*egresgi*on oi*growth in COVID-19 and equity market returns, it shows the estimation output
of Eqg. (1), Significant at 1%, 5%, 10% level.
Source: Author’s calculation.

and a further net spillover of volatility from market i to all other markets j is calcu-
lated as

S{(H) = S(H) — S (H) (10)

Hence, Eq. (10) is the difference amid the gross volatility innovations communi-
cated TO and those acknowledged FROM all other markets. In order to analyze mar-
ket connectedness and volatility spillover, we calculate log-transformed returns for
each market and express volatility as absolute values of returns. For example, there
are some studies (Ederington & Guan, 2000; McKenzie, 1999; Taylor, 1986) that use
absolute returns-based models and show that it produces better volatility forecasts
than models that are based on squared returns.

4, Results and discussion
4.1. Returns and ex-ante volatility amid COVID-19

Table 3 displays the panel regression results of Eq. (1), and through it we can see
that returns and COVID-19 crisis are negatively associated. The negative slopes across
all facets of pandemic outbreaks appear to be statistically significant at a 1% level. It
implies that disease outbreak among all countries has raised the stock market uncer-
tainty. The tail event caused the adverse yield to the equity market participant and
raised more concern about portfolio risk management. Hence, Table 4 summarises
the investors’ sentiment amid COVID-19, shows the panel regression output of Eq.
(3) and establishes a causal relationship between infectious disease outbreak and
investor sentiment. There are mainly four growth indicators of COVID-19 measured
as an index of the disease outbreak. In our regression model, R, acts as a control
variable. By convention, stock returns and volatility are inversely associated; hence,
one can see that the slope of the benchmark index returns appears negative and stat-
istically significant. Moreover, the intercept term measures the effects of other uncer-
tain political and economic events; therefore, it should be positive and significant.
Through all models, we can see that the intercept term is positive and statistically sig-
nificant (Nikkinen & Sahlstrom, 2004). Hence, during the period of ambiguity, invest-
ors are unaware of the future consequences of the market and keep on buying put
options. Consequently, the VIX level increases (e.g., Shaikh, 2017, 2019). For example,



2328 1. SHAIKH

Table 4. Panel regression of investor fear and COVID-19.

Estimate t-stat Estimate t-stat Estimate t-stat Estimate t-stat
Intercept 2.8184  1815.80* 2.8259  1896.30* 2.8148  1658.51* 2.8250 1846.61*
Return -1.8961 -12.16%  -1.8977 -11.97%  -1.9212 -1221%  -1.9174 -12.03
NC COVID19(—1) 0.1049 20.91*
ND COVID19(—1) 0.1038 15.37*
TC COVID19(—1) 0.0801 18.15%*
TD COVID19(—1) 0.0682 13.30%*
Country dummy YES YES YES YES
Period dummy YES YES YES YES

Table shows the pane*l regigssion**qf growth in COVID-19 and Investor sentiment, it shows the estimation output of
Eq. (3), Significant at 1%, 5%,  10% level.
Source: Author’s calculation.

the majority of the equity stock exchange replicates the method of CBOE VIX to cal-
culate investors’ sentiment in the near term. During the initial period of the pan-
demic outbreak, market was shocked with the likely impact of COVID-19. Hence,
investors rushed for hedge funds. On March 18, 2020 the put/call ratio of SPX index
options appeared to be 2.48, and OEX options showed a value of 3.08, which is more
than unity and implies to excessive trading volume in the put options. Consequently,
it led to a higher premium on the put options resulting in higher implied volatility.
The put/call ratio was found to be more than unity during the first quarter of 2020,
post which the WHO announced COVID-19 as an international health emergency.
The put/call ratio is the gauge of the market sentiment: a higher ratio indicates
greater fear in the market. Now looking at the coefficient of the COVID-19 out-
break growth index, it seems that all indicators calculated positive and significant
at a 1% level. Hence, one can say that COVID-19 has disrupted the investor senti-
ment gauged into the VIX (e.g., Al-Awadhi et al., 2020; Cen et al., 2013; Donadelli
et al., 2017; Goodell, 2020; Ichev & Marin¢, 2018; Kamstra et al., 2003; Kaplanski
& Levy, 2012).

Table 5 shows the equity market performance amid COVID-19 during the first
quarter of 2020. We can see that the estimates of the interaction term COVID —
19xDONSs (i.e., a dummy of the months January, February and March) across various
indicators of disease outbreak appear to be adverse and statistically significant. We
set our estimation window from January 2018 to March 2020, in which the event
window starts from 31 December 2019, a date on which the Chinese administration
informed the WHO about pneumonia/viral flu symptoms among people of Wuhan,
Hubei. After the occurrence of the suspicious death of those infected people, the
WHO declared a public health emergency of international apprehension on 30
January 2020. Hence, we set three dummies DJAN2020, DFEB2020 and DMAR2020
to measure the contagious effects of an infectious disease outbreak (e.g., Donadelli
et al., 2017). The essential findings from the statistical evidence are that the growth of
the pandemic since the announcement of international emergency from the WHO
has drawdown the performance of the equity market. Table 6 exhibits the empirical
outcome of Eq. (4) depicting the effects of DONs on the global equity market. The
augmented COVID-19 regression output has been reported in Table 6 with four pan-
els. In all four panel regressions, the intercept coefficient and benchmark returns
appear to be positive and significant as hypothesised. One can see through all panels
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Table 5. Panel regression with disease outbreak news (DONs) and equity market returns.

Panel A new cases and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept -0.0003 —1.68%**
Return(-1) -0.0869 -7.06*
NC COVID19(—1)xDJAN2020 -0.0043 -2.59%*
NC COVID19(—1)xDFEB2020 -0.0026 -3.19%
NC COVID19(—1)xDMAR2020 -0.0022 -6.06*
Country dummy Y

Period dummy Y

Panel B New Death and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept -0.0005 =271
Return(-1) -0.0797 —-6.48*
ND COVID19(—1)xDJAN2020 -0.0091 -2.22%
ND COVID19(—1)xDFEB2020 -0.0017 -1.05
ND COVID19(—1)xDMAR2020 -0.0015 -2.20%*
Country dummy Y

Period dummy Y

Panel C Total Cases and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept -0.0002 -1.14
Return(-1) -0.0885 -7.19%
TC COVID19(—1)xDJAN2020 -0.0030 -2.60%*
TC COVID19(—1)xDFEB2020 -0.0022 -4.19*%
TC COVID19(—1)xDMAR2020 -0.0017 -6.73*
Country dummy Y

Period dummy Y

Panel D Total Death and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept -0.0004 -2.34%
Return(-1) -0.0817 -6.64*
TD COVID19(—1)xDJAN2020 -0.0068 —2.44%%
TD COVID19(—1)xDFEB2020 -0.0022 —-2.19%*
TD COVID19 (—1)xDMAR2020 -0.0015 -3.61*
Country dummy Y

Period dummy Y

Table shows the estimation result of Eq. (2), in relation to disease outbreak news (DONs) and equity market returns,
this shows an augmented panel regression conﬂdenng contaglous effects of DONs through January-February—March
2020 across global equity market, Significant at 1%, 5%, 10% level.

Source: Author’s calculation.

that, on average, the slope of DJAN2020 estimated about 4.2% concerning the growth
of the cases of COVID-19 but did not show it to be significant. It indicates that in
January 2020, the COVID-19 virus outbreak epicentre was Wuhan only, and the cases
were marginal; hence, investors across the globe took it very frivolously. However,
the estimated slope of dummy DFEB2020 was found to be 3.3% marginally lower.
The plausible reason for this is that the WHO declared COVID-19 as a health emer-
gency on 30 January 2020, once the number of cases increased exponentially in
China and in its other major trading partners. Figure 1 exhibits that the VIX level
has spiked following the rise of cases of COVID-19 globally. Hence, dummy
DMAR2020 depicts the effects of an increase in the number of positive cases during
March 2020. One can see that the slope of the March dummy appears to be 13.11%
on average and is significant at a 1% level, which implies that COVID-19-induced
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Table 6. Panel regression with disease outbreak news (DONs) and investors’ fear.

Panel A new cases and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept 2.8155 1818.15*
Return -1.9477 -12.63*
NC COVID19(—1)xDJAN2020 0.0279 1.80%**
NC COVID19(—1)xDFEB2020 0.0415 5.04*
NC COVID19(—1)xDMAR2020 0.1759 23.89%*
Country dummy YES

Period dummy YES

Panel B New Death and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept 2.8262 1905.28*
ND COVID19(—1)xDJAN2020 -1.9290 -12.18*
ND COVID19(—1)xDFEB2020 0.0644 1.74%%*
ND COVID19(—1)xDMAR2020 0.0283 1.83%%*
ND COVID19(—1)xDJAN2020 0.1345 15.77*
Country dummy YES

Period dummy YES

Panel C Total Cases and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept 2.8134 1672.75*%
Return -1.9804 -12.65*
TC COVID19(—1)xDJAN2020 0.0243 2,12
TC COVID19(—1)xDFEB2020 0.0454 6.56*
TC COVID19(—1)xDMAR2020 0.1237 19.20%
Country dummy YES

Period dummy YES

Panel D Total Death and COVID-19 outbreak dummies

Regressors Estimate t-stat
Intercept 2.8251 1862.06*
Return -1.9464 -12.23*%
TD COVID19(—1)xDJAN2020 0.0521 2.05%*
TD COVID19(—1)xDFEB2020 0.0197 2.02%*
TD COVID19 (—1)xDMAR2020 0.0905 13.98*
Country dummy YES

Period dummy YES

Table shows the estimation result of Eq. (4), in relation to disease outbreak news (DONs) and equity market volatility
index (VIX), this shows an augmented panel regression considering contagious effects of DONs through
January-February—March 2020 across global equity market, Significant at "1%, 5%, " *10% level.

Source: Author’s calculation.

uncertainty has been gauged into the VIX and that it is a forward-looking measure of
the stock market volatility and the most promising measure of investors’ fear and
nervousness. The jump in the VIX level indicates that the overburden on the put
options results in hedging and demanding a higher premium for portfolio protection.

Table 7 exhibits equity market return behaviour during the DONs period; one can
see that new cases and new deaths during the pandemic outbreak reveal an adverse
impact on stock market returns. Moreover, Table 8 presents the regression result on
the augmented dummy panel regression on the investors’ fear index (VIX) set for the
first quarter of calendar year 2020 as the disease’s outbreak period. It is the period
with the full amount of uncertainty in the financial markets, as highlighted by
Goodell (2020). Yet, the further implications of the COVID-19 outbreak remain
unknown (Larry, 2020). The regression outcome indicates that the uncertain period
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Table 7. Panel regression with disease outbreak news (DONs-Q12020) and equity market returns.

Regressors Estimate t-stat Estimate t-stat Estimate t-stat Estimate t-stat
Intercept -0.0003 -1.71% -0.0005 -2.73** -0.0002 -1.22 -0.0004 -2.38**
Return (-1) -0.0868 -7.05* -0.0793 -6.45* -0.0885 -7.19*% -0.0813 -6.61*
NC COVID19(—1)xDCOVID19Q12020 -0.0023 -7.10*

ND COVID19(—1)xDCOVID19Q12020 -0.0017 -2.70**

TC COVID19(—1)xDCOVID19Q12020 -0.0018 -8.03*

TD COVID19(—1)xDCOVID19Q12020 -0.0017 -4.37*
Country dummy YES YES YES YES

Period dummy YES YES YES YES

Table shows the estimation result of Eq. (2), in relation to disease outbreak news (DONs) and equity market returns,
this shows an augmented panel regression con5|der|ng contagious effects of DONs through first quarter Q12020
across global equity market, Significant at 1%, "'5%, "7 10% level.

Source: Author’s calculation.

Table 8. Panel regression with disease outbreak news (DONs-Q12020) and equity market volatil-
ity (VIX).

Regressors Estimate  t-stat Estimate t-stat Estimate t-stat Estimate t-stat
Intercept 2.8198 1834.38*%  2.8266 1901.29*  2.8169 1700.01* 2.8259 1863.82*
Return -1.9129 -12.2376* -1.9234 -12.1104* -1.9244 -12.21* -1.9307 -12.1003*
NC COVID19(—1)xDCOVID19Q12020 0.1069  20.28*

ND COVID19(—1)xDCOVID19Q12020 0.1082  14.68*

TC COVID19(—1)xDCOVID19Q12020 0.0788 17.51*

TD COVID19(—1)xDCOVID19Q12020 0.0685 12.77*
Country dummy YES YES YES YES

Period dummy YES YES YES YES

Table shows the estimation result of Eq. (4), in relation to disease outbreak news (DONs) and investors’ fear, this
shows an augmented panel regression considering contagious effects of DONs through first quarter Q12020 across
global equity market, Significant at *1%, **5%, ***10% level.

Source: Author’s calculation.

from January to March 2020, with exponentially increasing COVID-19 cases has dis-
rupted the investors’ sentiments globally.

4.2. Volatility spillover during pandemic crises

Table 9 summarises volatility spillover among major 11 equity markets amid the
COVID-19 pandemic. It is also classified as the ijth entry and shows the forecast
error variance of market i from shocks to the market j. In order to perform general-
ised VAR estimations, VAR consists of order 4 with 10-day ahead volatility forecast
errors. More specifically, the total spillover index remains insensitive to various VAR
orders ranging from 4 to 10days. Table 9 gives an insight into the decomposition of
the overall volatility in an input-output mechanism. Panel A of Table 9 explains the
total volatility spillover between the major equity market before the global pandemic
crisis and Panel B during the outbreak of COVID-19. The sum of the gross direc-
tional volatility spillovers to other from each of the worldwide equity market appears
to be 446.35 pre pandemics and 927.29 during the outbreak period. One can see that
from the ‘directional contribution to others’ the column of gross directional volatility
spillovers France-CAC is relatively highest among all, at 101.16%. Next following is
the German equity market (DAX) that explains about 82.95% of the forecast error
variance. Looking at the pandemic period, the degree of connectedness is more
enhanced to other markets. The TCI appears to be 40.58% (TCI = 446.35/1100),
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while during the pandemic period, it has increased by 84.30% (TCI = 927.29/1100).
It implies that volatility forecast error variance based on volatility spillover remains
more connected following the crisis period. Further, we see that based on the net
volatility spillover, France and Germany exhibited the largest volatility spillover
among all equity markets. The plausible reason for this outcome may be that these
countries have reported the highest number of cases of COVID-19 during the pan-
demic period.

5. Conclusion

In this article, we presented some early evidence on the effects of COVID-19 as a
contagious infectious disease across the global equity market, gauged into the VIX.
The empirical work has been demonstrated using longitudinal data and generalised
VAR. The adverse slopes estimated across all facets of pandemic outbreaks appear to
be statistically significant and imply that disease outbreak among all countries has
raised the stock market uncertainty. The essential findings from the statistical evi-
dence are that the growth of the pandemic since the announcement of the WHO as
an international health emergency has drawdown the equity market performance.

The COVID-19-induced uncertainty has been gauged into the VIX; subsequently,
it is a forward-looking measure of the stock market volatility and the most promising
measure of investors’ fear and nervousness. Yet, the further implications of the
COVID-19 outbreak remain unknown: Just wait and watch! The regression outcome
indicates that the uncertain period from January to March 2020, with exponentially
increasing COVID-19 cases, has disrupted the investors’ sentiment globally. The TCI
further signals that the markets are closely associated and the volatility spillover
remains more pronounced from the European counterpart to other markets. The
upsurge of the investor fears index during the DONs period provides evidence that
investors are worried about portfolio rebalancing, hedging and alternative safe invest-
ment. The plausible reason for such market disruption is the deterioration of public
health, temporal and diffusional long-lived effects, global economy and interconnect-
edness, social distancing, travel ban and lack of put protection. The exponential rise
in the VIX level indicates overburden on the put options, which results in hedging
and demanding a higher premium for portfolio protection. The considerable rise in
the put/call ratio (e.g., SPX/OEX options, 2.48/3.08) post the announcement of
COVID-19 being a global pandemic (11 March 2020) by the WHO has increased the
fear and anxiety among equity traders, and demand of portfolio protection in the
near term has increased the risk premium.

Notes

1. Refer to ‘White Paper Cboe Volatility Index’ for more details. (https://www.cboe.com/
micro/vix/vixwhite.pdf).

2. For example, Ichev and Mariné (2018) studied the effects of tail event Ebola Outbreak on
the firm’s stocks located in West Africa and in the United States for the estimation
window 2014-2016.
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3. Refer to ‘COVID-19 outbreak data’ at https://www.ecdc.europa.eu/en/publications-data/
download-todays-data-geographic-distribution-covid-19-cases-worldwide.
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