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Abstract

We examine the time-varying effect of stock market volatility due to infectious diseases on industrial
sectors in the US from 2012 to 2021 in three sub-periods: the whole sample fill COVID-19, during
COVID-19 period before and after the Pfizer and Biontech vaccine announcement, respectively.
We extend the current literature by exploring the diverse impact of infectious disease equity market
volatility index (EMV-ID) on market index and various industrial sectors and decomposing industrial
volatility info good and bad volatility to quantify how good and bad components vary in response
to the fransmission of shocks due to infectious diseases. The results show that the transmission of
volatile shocks from the stock market strongly enhances the bad components of industrial volatility
before the outbreak of COVID-19 but the good component of industrial volatility during COVID-19
before the Pfizer and Biontech vaccine announcement. The positive fransmission of volafile shocks
from EMV-ID towards the industrial volatility strengthens and gains momentum as the industrial
volatility transits from bearish (lower quantiles) towards the bullish (higher quantiles) conditions
irespective of the period considered. We conclude that the relationship between infectious
disease equity market volatility and industrial volatility depends on the good and bad volatile
components and their respective conditions at different quantiles.

Keywords: Infectious disease equity market volatility, good voldatility, bad volatility, S&P 500,
vaccine announcement

1. Introduction

The global spread of the coronavirus (COVID-19) and accompanying conftainment measures
enhanced uncertainties in the global economy and international financial markets at an
unprecedented level. With the expanding impact of the pandemic, a growing number of studies
have investigated the influence of the pandemic on stock markets. Towards this end, numerous
studies have established that the pandemic has caused exireme voldatility in the stock markets of
affected countries (Topcu and Gulal, 2020; Acharya et al., 2021; Al-Awadhi et al., 2020; Baek et al.,
2020; Engelhardt et al., 2021; Kapar et al., 2021; Kucher et al., 2021; Rouatbi et al., 2021). These
pandemic-induced equity market disturbances are found to be more severe than previous
outbreaks of infectious diseases such as SARS, MERS, Swine flu and Ebola virus (Baker et al., 2020;
O’Donnell et al., 2021, Bai et al., 2021). Similarly, compared to the global financial crisis (GFC) in 2008,
the evidence suggests that COVID-19 has more intensified impact across countries and stock market
sectors (Choi, 2020; Shehzad et al., 2020).
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Although global stock markets are adversely affected by the pandemic, the impact is found to be
asymmetric across sectors (Mazur et al., 2021; Kapar et al., 2022; Grab ef al., 2021; He et al., 2020;
Bradley and Stumpner, 2021). For instance, Grab et al. (2021) show that stock market sectors that hit
the hardest by the pandemic gained more in response to positive vaccine-related announcements.
Bradley and Stumpner (2021) estimate that the spread between the best and worst-performing
sectors widened from 27 percentage points to 80 percentage points within the year of the outbreak
of the COVID-19 pandemic. Some industries, such as airline, travel, banking, insurance, and energy
witnessed considerable losses, whereas industries like airfreight, household appliances, computers
and electronics benefited from the pandemic.

Understanding how different pandemic-induced shocks impact industrial sectors is crucial for
investors and businesses fo make optimal investment and hedging decisions. This requires an in-
depth analysis at the industrial level, which is presently lacking in literature. We fill this gap in the
literature and investigate the effect of equity market volatility due to infectious diseases on industrial
volatility (IV hereafter). This study, therefore, broadens our understanding of the diverse impact of
infectious diseases on industrial sectors in the US.

To better capture the impact of infectious diseases on industrial sectors, we use the newly developed
Infectious Disease Equity Market Volatility Index (EMV-ID hereafter) constructed by Baker et al. (2020),
which fracks US equity market volatility caused by infectious diseases. EMV-ID has been widely
employed in recent empirical studies to explore the impact of equity market volatility due to
infectious diseases on numerous factors, such as commodity returns (Long and Guo, 2022), stock
market returns (Ozkan et al., 2022; Gohar et al., 2022), Islamic stocks (Salisu and Sikiru, 2020), energy
market (Salisu and Adediran, 2020), sports economy (Guo et al., 2022), public senfiment (Meng et
al., 2021), corporate activities (Suleman and Yaghoubi, 2022) and others.

We confribute fo the literature by employing this newly developed EMV-ID index to examine its
heterogeneous effect on the volatility of ten industrial sectors in the US (i.e., consumer services,
financials, health care, industrials, materials, oil and gas, real estate, fechnology,
telecommunication, and ufilities) and general market index. Further, we extend the literature by
exploring the impact of infectious diseases on various industrial sectors as well as market index and
decomposing industrial volatility into good and bad volatility to quantify how good and bad
components vary in response to the tfransmission of shocks due to infectious diseases. Our motivation
to study the good and bad volatility of spillovers among stock sectors is due to the evidence
suggesting that volatility in financial markets is highly sensitive to good and bad returns. Moreover,
this helps to identify whether a specific sector is more prone fo infectious disease volatility that will
be useful for investors, portfolio managers and regulators. Finally, to better understand the
interrelationship between EMV-ID and IV, we examine the association at different quantiles using
quantile regression.

Hence, the aim of this study is fo examine the fime-varying effect of stock market volatility due to
infectious diseases on industrial sectors in the US from 2012 to 2021 in three sub-periods: the whole
sample till COVID-19, during COVID-19 period before and after the Pfizer and Biontech vaccine
announcement, respectively. We find that the tfransmission of volatile shocks from the stock market
more strongly enhances the bad components of industrial volatility before the outbreak of COVID-
19 but the good component of industrial volatfility during COVID-19 before the vaccine
announcement. The positive tfransmission of volatile shocks from the EMV-ID towards the industrial
volatility is stronger when the industrial volatility transits from bearish (lower quantiles) towards the
bullish (higher quantiles) conditions irrespective of the period considered. Overall, we conclude that
the relationship between EMV-ID and IV depends on the good and bad volatile components and
their respective conditions at different quantiles.
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The rest of the paper is organized as follows. Section 2 presents the data, Section 3 the methodology,
and Section 4 the findings. Finally, a conclusion is provided in Section 6.

2. Data

This paper examines the time-varying effects of infectious disease equity market volatility on S&P 500
general market and sectoral indices volatility. Daily Infectious Disease Equity Market Volatility Tracker
(EMV-ID) is constructed by Baker et al. (2019) to quantify the effect of infectious diseases on U.S. stock
market volatility. They first specify terms in four sets: E: (economic, economy, financial), M: (stock
market, equity, equities, Standard & Poor’s), V: (volatility, volatile, uncertain, uncertainty, risk, risky)
and ID: (epidemic, pandemic, virus, flu, disease, coronavirus, MERS, Sars, Ebola, H5N1, HINT).
Second, they count the daily number of newspaper articles containing at least one term in each
category, E, M, V and |.D., representing the raw EMV-ID counts. Third, they scale the raw EMV-ID
counts by the number of articles on the same day. Finally, they multiplicatively rescale these series
to match the mean value of the VIX since 1985. We utilize high-frequency stock prices data (one
second) of the overall USA market index and ten sectoral indices (Consumer Services, Financials,
Health Care, Industrials, Materials, Oil and Gas, REIT, Technology, Telecommunication and Utilities) to
construct volatility series from the Wharton Research Data Services (WRDS) from 21 September 2012
to 31 December 2021.

We apply the Wilcoxon Rank Sum Test to check the equality of the median between good and bad
volatility of general market index and sectoral indices and report the findings in Table 7 in Section 4.
The full sample findings indicate statistical differences in the median values in all series except QOil
and Gas and Ufilities. This strengthens our argument to separate the volatility into two components:
good and bad voldatfility.

Figure 1 presents the graph of the EMV-ID index, the return series of different industries and different
types of volatilities. During our sample period, five public health emergencies of international
concern (PHEIC) are declared by World Health Organization (BBC, 2019; Wilder-Smith and Osman,
2020; WHO, 2016; WHO, 2019; WHO, 2020; WHO, 2022), Ebola (West African outbreak 2013-2015,
outbreak in Democratic Republic of Congo 2018-2020), poliomyelitis (2014 to present), Zika (2016)
and COVID-19 (2020 to present). EMV-ID index increases during these diseases, but the most
significant effect is observed during the COVID-19 breakout in 2020 as presented in Figure 1.a. Figure
1.b. presents the return series of different industries. All indices experience high fluctuations during
COVID-19 period, oil and gas industry experiencing the highest fluctuation. Figures 1.c, 1.d. and 1.e
present the sectoral indices’ volatility, good and bad volatility, respectively. Volatility increased
during the 2011-2012 sovereign crisis, the oil price crash in 2016 and the breakout of COVID-19 in
2020.
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Figure 1:
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Note: This figure reports infectious disease equity market volatility fracker index (a), daily return series (b)and three types of
S&P 500 industrial volatility series: daily volatility (c), daily good volatility (d), daily bad volatility(e).
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Table 1 below presents the descriptive statistics of the sectoral indices’ volatility, good volatility and
bad volatility for the period from 21 September 2012 to 17 January 2020 until the outbreak of COVID-
19. The technology index has the highest average volatility measure, followed by the oil and gas and
telecommunication indices. The telecommunication industry has the highest standard deviation in
all three measures. All volatility measures have positively skewed with high kurtosis, indicating fat tails
in the distributions.

Table 1:Descriptive statistics of volatility measures for the whole sample before COVID-19

outbreak.
Index Obs Mean Std. Dev. Median Min Max Skewness  Kurtosis  Unit Root Test
Volatility

Market Tndex 1841 0.149 0.823 00583 0.00502  27.04 717.6 -40.433

Consumer Services 1841 0.147 0.804 0.0736 0.0154 34.19 1192 -20,210
g Financials 18400 0.150 0.765 0.0762 0.00744  24.20 625.7 -34.706
2 Healthcare 1830 0227 1.346 0106 0.0155 4668 00&.4 -41.784
—5 Industrials 1841 0117 0.420 0.0647 0.00003  14.38 TR2G S30004%8
= Materials 18400 0277 1.830 0.140 0.0264 T3.11 1546 -42.106
; il and Gas 1830 0.440 1.232 0.244 0.0364 37.60 554.0 S37.446
=  REIT 1841 0.144 1.119 0.0727 0.0158 44,20 1336 -42.602
% Technology 1841 0.495 1.355 0.226 0.0224 4246 5325 -30.583
" Telecom 1837 0.364 2,381 0.191 0.0402 2016 1003 -30.645

Utilitios 1842 0.188 1.112 0.104 0.0187 32.02 ARG S38.118

Good Volatility

Market Index 1841 0.0744  0.406 0.0273 0.00215 1344 25.02 732.0 -40.574

Consumer Services 1841 0.0736 0447 0.0353 000699  17.23  33.40 1226 -20.1040
£ Financials 1841 0.125 2.001 0.0350 0.00412 8436  40.72 1709 -40.519
& Healthcare 1841 0.185 2,284 0.0535 000721 6984 2738 TR0 -42.007
—E Industrials 1841 0.0584  0.207 0.0205 0.00447  7.100 2588 815.9 -20.830
= Materials 1842 0.200 2,039 00645 0.0130 5562  24.70 fa0.0 -41.108
; il and Gas 1841 0,298 2 661 0114 0.0183 1017 3301 1185 -42.175
2  REIT 1842 00871 (0.850 0.0345 0.00658 2826 2846 R56.3 -42.832
¥  Technology 1841 0.238 0.579 0.103 0.0124 1504 1170 203.1 -30.077
" Telecom 1838 0223 2,165 00034 0.0246 7774 30.11 003.7 -28.034

Utilities 1842 00912 0.546 0.0501 0.00801 1546 2513 fiR1.7 -38.054

Bad Volatility

Market Index 1841 0.0750  0.420 0.0225 0.00160 1360 2295 fi20.09 -40.643

Consumer Services 1842 0,103 1.358 0.0318 0.00636 5504 37.10 1468 -41.311
£ Financials 1841 0.125 2,016 0.0314 000332  B4.095 4065 1705 -40.494
& Healthcare 1841 0,186 2,209 0.0436 0.00800 6962  26.92 T65.7 -41.728
'E Industrials 1841 00584  0.222 0.0260 0.00876 7191 23.00 fis0.a -31.278
~  Materials 1842 0,197 2.044 0.0574 0.00872 5549 24.63 fids.0 -41.131
£ Oil and Gas 1841 0.302 26T 0.109 0.0143 1018 32.60 1169 -42.252
ﬁ REIT 1842 00881 (0.872 0.0317 0.00577 2846 2826 B45.8 -42.864
&  Technology 1842 0302 2,246 0.0835 0.00056 83.03 3127 1009 -42.195
" Telecom 1838 0226 2185 00870 0.0235 TR.AT 2005 O8R5 -28.182

Utilities 1842 0.0960  0.560 00480 000011  16.56 2493 fiTR.5 -38.100

Infectious Disease Equity Market Volatility Index{EMV-I1)
EMV-ID 2335 AT ®.33 i G837 ENE] 15.51 -17.4R8 -31.486

Note: This table reports descriptive statistics of the variables. Data is obtained from Wharton Research Data Services (WRDS)
for the period from 21 September 2012 to 17 January 2020. Critical values for Dickey Fuller Unit Root Test is -3.430, -2.860 and -
2.570 for 1%, 5% and 10% significance level, respectively

We examine COVID-19 period in two subgroups. Kapar et al. (2022) explore how the US sectoral and
sub-sectoral indices reacted to the news of a successful development of vaccine by Pfizer and
Biontech on 9 November 2020. They find out that there are considerable inter and intra sectoral
variations in the impact of the vaccine news. Due to different impact of vaccine announcement on
sectoral indices, we split the COVID-19 period into two sub-periods by taking 9 November 2020 as
the break point: Before Vaccine and After Vaccine announcement during COVID-19 period.
Although Moderna announced the first COVID-19 vaccination on 23rd January 2020, we consider
Pfizer and BioNTech vaccine announcement as the breakpoint since this vaccine candidate is the
first one that succeeded the first interim analysis from the Phase 3 study to fight against COVID-19.
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In Section 4, Table 5 presents the descriptive statistics of the different volatility measures during the
COVID-19 period before the Pfizer and Biontech vaccine announcement for the period from 20
January 2020 to 6 November 2020 and Table é presents the descriptive statistics of volatility measures
during the COVID-19 period after the vaccine announcement for the period from 9 November 2020
to 31 December 2021. As expected, all volatility measures increased with the outbreak of COVID-19
period but significantly decreased after the vaccine announcement. The oil and gas industry index
has the highest volatility, followed by technology indices before and after the Pfizer and Biontech
vaccine announcement during COVID-19. The Augmented Dickey-Fuller unit root tests support the
rejection of the existence of a unit root at the 1% significance level, implying that all of the volatility
series and EMV-ID series are stationary.

3. Methodology

In this study, we investigate the relationship between infectious disease equity market volatility
tracker and S&P 500 market index and sectoral indices different volatility measures. Initially, we
calculate the realized variance, good and bad volatility following Bollerslev et al. (2019), and then
we estimate the quantile regression to understand the relation between infectious disease equity
market volatility tracker and different volatility measures.

Let pydenote the natural logarithmic price of an arbitrary asset on day T. The price is assumed to follow
the generic jump diffusion process,

T T
br :J- Y dT + f . dW; +Jr
0 0

(1)

where 1 and o denote the drift and diffusive volatility processes, respectively. W is a standard
Brownian motion, Jis a pure jump process, and the unit time interval corresponds to a trading day.
We will assume that high-frequency intraday prices p_t,p_(1+1/N),....p_(t+1) are observed at n+1
equally spaced times over the trading day [t,1+1]. We calculate the natural logarithmic discrete-time
return over the ith time-interval on day t+1 as below:

Tt+i/n = Pt+i/n — Pt+(i-1)/n

2

The daily realized variance (RV) is then simply defined by the summation of these within-day high-
frequency squared returns,

n

RV, = Z rt2—1+i/n

i=1
3)

As documented by Andersen et al.(2011) and Andersen et al. (2003), the realized variance
converges (for n ) to the quadratic variation comprised of the separate components due o “
continuous” and “jump” price increments,

t
RVtzf olds + z 2
t-1

t—1<t<t
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4)

thus, affording increasingly more accurate ex post measures of the true latent total daily price
variation for ever finer sampled infraday returns.

The realized variance measure in equation (3) does not differentiate between “good” and “bad”
volatility. We decompose the total realized variation into separate components associated with the
positive and negative high-frequency returns,

n

+ — 2 . .
RV = Z rf_l"'ni 1[7”t—%>0]

i=1

n

- = 2 . .
RVf = Z rt—1+nL l[rt_%<0]

i=1

(3)

The good and bad volatility measures obviously add up to the total daily realized variation, RV, =
RVt + RVS

As a second step, we estimate quantile regression between volatility measures and infectious
disease equity market volatility tracker. In the context of financial time series, according to Koenker
and Xiao (2006) quantile regression is an ideal technique as it is robust to conditional
heteroskedasticity, skewness and leptokurtosis. Therefore, we use this technique to estimate different
quantile autoregressive models for each of our voldatility series separately:

Qt(Rtht) = ag +ﬁ‘th

(6)
where a € (0,1), R, is the any voldtility series and M, is the infectious disease equity market volatility
tracker. The estimates of a, and B, in Equation 7 are defined as the solutions to:

T
minar,ﬁr Z pT(Rt — 0 — .B‘L'Mt)
t=1
(7)

where p; (z) is the check function given by p; (z) = z(t — 1),<)) , Where 1, is the indicator function
taking only two values: 1 if z < 0 and 0 otherwise. As explained in Koenker and Hallock (2001), the
function p,; (z) imposes different weights on positive and negative residuals depending on the value
of 7; when t = 0.5, his is the median estimator. We estimate the interrelationship between volatility
series and infectious disease volatility fracker at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50,
0.60, 0.70, 0.80, 0.90, 0.95). Thus, it provides a broader picture in helping us examine the relation.
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4. Empirical Results

This study analyses the relationship between industrial uncertainty and US equity market volatility
caused by infectious disease in the US from 2012 to 2021 in three sub-periods: the whole sample fill
COVID-19, during COVID-19 period before and after the Pfizer and Biontech vaccine
announcement, respectively.

In Table 2, we analyse the transmission of volatility shocks from the US infectious equity market
volatility index (EMV-ID) towards industrial volatility (IV) at different quantiles to see the differences in
bearish and bullish conditions.

Table 2: Descriptive statistics of volatility measures during COVID-19 period before the Pfizer
and Biontech vaccine announcement.

Index Ohbs. Mean Stud. Dev. Median Min Max Skewness Kurtosis Unit Root Test
Volatility

Market Index 204 0.708 1.190 0.248 00246 G046 3.173 13.02

Consumer Services 204 0.870 1.290 0.265 0.0503 15.42 4.515 2
& Financials 204 0.903 1.560 0368 0.0237 0.774 2.836 12,
= Healthcare 204 0.6540 1.212 0.205 0.0465 T.709 3.66T 17.8
"é Industrials 204 0.6G86G 1.060 0.271 0.0211 5.085 2.750 10,
- Materials 204 1.225 2.332 0.455 0.0582 21.50 5.111 37.4:
; 0il and Gas 204 5.860 1.193 0.119 30.45 3080 14t
= REIT 204 1.451 0.275 0.0273 B.042 2.672 101
z l'echnology 204 4.508 0.7TR5 0.115 3450 4.446 25.
o l'elecom 204 2.464 0.413 0.0=04 19.22  4.135 23,61

Utilities 204 1.839 0.298 0.0379 10.59 3.213 13.6

Good Volatility

Market Index 204 0.G36G 0118 0.D0EE4 5.025 4014 53

Consumer Services 204 0.820 0.128 0.0233 f.301 4.234 i
£ Financials 204 1.014 0.146 0.0115 8.843  4.358% 51
= Healthcare 204 0.597 0.0959 D.0221 4.661 3.019 .051
_E Industrials 204 0.679 0.113 0.0110 5.407 4.282 -0.635
- Manterials 204 1.334 0.195 0.0275 14.44 fG.T16G -10.285
; 0il and Gas 204 3.410 0.505 0.0502 30,43 4196 -5.006
S REIT 204 0.544 0118 0.0153 G038 3.553 -0.076
] l'echnology 204 1.911 0.384 0.04258 18.76 5.510 -8.200
o l'elecom 204 1.056 0.203 0.0358 G.203 3.360 -A.578

Utilities 204 0.985 0.129 0.0194 7.507  4.423 -7.491

Bad Volatility

Market Index 204 0.770 0.0885 0.00=84 5.300 4.135 22 34 -0.3654

Consumer Services 204 1.287 0.108 0.0214 12.54 G250 50.24 -0.207
e Financials 204 1.017 0.123 0.0103 T.482 4167 22.75 -11.178
. Healthcare 204 0.785 0LORGT 0.0150 G012 4.853 20.43 -B.528
= Industrials 204 0.717 0.0845 0.0102 4.331 3.002 19.18 -11.017
- Materials 204 1.718 0.155 0.0278 10 81 7.725 TG0 -12.171
£ 0il and Gas 204 3.54% 0.514 0.0634 36.80 5.380 41.02 -10.932
-] REIT 204 1006 00082 0.0112 G.553 4.030 21.07 -10.582
3 l'echnology 204 3.533 0.290 0.0392 30.29 5.775 30.00 -10.894
w l'elecom 204 X 1.6G82 0.189 0.0365 16.15 5.708 44 RO -0.081

Utilities 204 0.496 1.164 0.114 0.0146 B.268  4.383 24.3 -8.530

Infoctions Disease Equity Market Volatility Index( EMW-11))
EMWV-1ID 204 21.56 13.56 19.05 0 GR.AT 0.970 4087 -5.542

Note: This table reports descriptive statistics of the variables during COVID-19 Period before the Pfizer and Biontech
Vaccine Announcement. Data is obtained from Wharton Research Data Services (WRDS) for the period from 20 Jan
2020 to 6 November 2020. Critical values for Dickey Fuller Unit Root Test is -3.430, -2.860 and -2.570 for 1%, 5% and 10%
significance level, respectively.

For example, according to the findings of total volatility, during bearish (1 = 0.05) IV conditions, the
EMV-ID volatility causes a more appreciative impact on the IV of financials, oil and gas and telecom.
This means that when the IV falls below the normalized region, EMV-ID puts upward pressure on the
IV and may provide investment incentives for risk-taking long- term investors. However, at bullish (1 =
0.95) IV conditions, only industrials, oil and gas and technology react significantly o EMV-ID.

During the whole sample until COVID-19, EMV-ID significantly affects almost all good volatility
measures irespective of industry and quantile. However, the effect is only pronounced at high
quantiles of bad volatility in some industries such as consumer services, financials, healthcare,
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industrials, materials, technology, telecom, and utilities. However, when the effect of magnitude is
compared, the effect on bad voldtfilities is at a greater magnitude than on good voldtilities. This
means that bad volatility is much more sensitive to economic uncertainty shocks than good voldtfility.
This could be explained with investor's behaviour. When uncertainty increases in the markets,
investors tend to reduce their long positions in financial assets, decreasing prices and enhancing
bad volatility (Lyu et al., 2021). Further bullish shifts in sentiment lead to downward revisions in the
volatility of returns and are associated with higher future excess returns, which signifies the investor’s
aftitude in explaining the formation of volatility (Lee et al., 2002).

Apparently, the significant impact of EMV-ID on the oil and gas industry’s total, good and bad
volatility is observed at all quantiles before the COVID-19. Interestingly, bad volatility of oil and gas
industry is the only industry that reacts EMV-ID at all quantiles significantly compared to other
industries. This indicates that oil and gas industry is the most sensitive industry to equity market volatility
associated with infectious disease. Similarly, Bouri et al. (2020) also examines the predictive power of
EMV-ID index for oil-market volatility and document that incorporating EMV-ID into a forecasting
setting significantly improves the forecast accuracy of oil realized volatility at short-, medium-, and
long-run horizons.

Overall, we have also observed that before the COVID-19 period, the relationship between EMV-ID
and IV depends not only on the industrial volatility conditions but also on the good and bad volatile
components and their respective conditions at lower (1 = 0.05, 0.10) and higher quantiles (1 = 0.90,
0.95). As presented in Figure 1.b., during the COVID-19 and before the vaccine announcement,
uncertainty was very high in the financial markets and EMV-ID reached its highest level. Moreover,
as presented in Table 2, the volatility of each industry increased significantly with the outbreak of
COVID-19 as also documented by Baker et al. (2020) and Baek et al. (2020). However, once the
shock has been absorbed, the total volatility exhibits a significant fall with the quick recovery of
financial markets as also claimed by Basuony et al. (2021).

As seen in Table 3, the vaccine announcement mitigated the volatility in financial markets (Nguyen
To et al., 2023).
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Table 3: Descriptive statistics of volatility measures during COVID-19 period after the Pfizer
and Biontech vaccine announcement.

Index Ohs. Nean Sud. Dev. Median Min Mlax Skowness Kurtosis Unit Root Test
Volatility

Market Index 280 0.121 0.0812 0.0136 0.B67  2.3990 0.023 -11.636

Consumer Services 280 0.146 0.111 0.0373 2.165 9.747 132.1 -25.078
g Financials 289 0.206G 0.149 0.0302 3.437 6.231 -19.058
= Healthecare 289 0.135 0.0910 0.0239 1.799 7348 -20.605
"é Industrials 280 0.104 0.0221 2173 4048 -17.180
- Materials 280 0.210 0.0508 4.084 G.414 -20.845
; Oil and Gas 2RO 0.605 0.146 3533 12.51 -35.725
= REIT 2RO 0.0083 0.0276 DETR 10.03 -25.010
3 l'echnology 280 0.285 0.0747 2.223 1.9008 -0.735
o lelecom 280 0.151 0.0473 2,407  5.235 -16.161

Utilities 280 0.114 0.03138 2,003 10.71 -27.971

Good Volatility

Market Index 280 0.0812 0.0136 0.B67  2.3990 0.023 -11.636

Consumer Services 280 0.111 0.0373 2.165 9.747 132.1 -25.078
- Financials 289 0.149 0.0302 3.437 6.231 57.76G -19.058
= Healthecare 289 0.0910 0.0239 1.799 7348 H5.18 -20.605
'E Industrials 280 0.104 0.0221 2173 4048 4253 -17.180
- Materials 280 0.210 0.0508 4.084 G.414 6802 -20.845
g Oil and Gas 280 0.605 0.146 25.33 12.51 -35.725
= REIT 2RO 0.0083 0.0276 DETR 10.03 -25.010
3 l'echnology 280 0.285 0.0747 2.223 1.998 -9.735
o lelecom 280 0.151 0.0473 2.407  5.235 -16.161

Utilities 280 0.114 0.0313 2,005 10.71 -27.971

Bad Volatility

Market Index 280 0.0860 00288 0.00559  0.657 3.420 17.33 14646

Consumer Services 289 0.0577 0.0406 0.0160 0.552 3.702 23.56 -14.276
= Financials 280 0.150 0.0560 00188 1.200 4.047 32.76 -16.734
= Healtheare 280 0.0615 0.0380 0.01038 0.481 3.624 10.78 -14.708
"é Industrials 280 0117 0.0365 0.00042 0.020 4.205 24.20 -16.403
- Materials 280 0.187 0.0771 0.0253 1408  4.069 22.14 -16.278
g Oil and Gas 280 0.473 0.275 0.0704 3.627 3.544 18,87 -16.016
= REIT 280 0.0748 00386 0.0120 0.748  5.037 av.65 -15.971
o l'echnology 280 0.283 0.116 0.0206 1.7T88 2017 12.77 -12.700
w l'elecom 280 0.120 0.0661 0.0222 1.288  4.841 3B.TT -13.239

Utilities 280 L 0.0545 0.0161 0.444 2.063 15.51 -12.536

Infections Disease FEguity Market Volatilivy Index(ENMV-11D)
ERV-IT JED 1263 T30 T1.61 [Y] AT.50 1.19 5.28 -11.300

Note: This table reports descriptive statistics of the variables during COVID-19 Period after the Pfizer and Biontech Vaccine
Announcement. Data is obtained from Wharton Research Data Services (WRDS) for the period from 9 November 2020 to 31
December 2021. Critical values for Dickey Fuller Unit Root Test is -3.430, -2.860 and -2.570 for 1%, 5% and 10% significance
level, respectively.

Grab et al. (2021) and Kapar et al. (2022) analyse the effect of vaccine announcements on the stock
return of different industries. They suggest that the stock market sectors hit hardest by the pandemic
benefited the most from positive vaccine news. When we analyse the effect of vaccine
announcement on the volatility in Table 6, except bearish conditions of consumer services, financials,
health care, industrials, real estate and utilities and bullish conditions of financials, health care,
materials, real estate, all other industrial volatilities are affected from EMV-ID. In ferms of the
magnitude, the impact of EMV-ID on good or bad volatility depends on the industry. In financials,
health care and materials, the impact is more pronounced on good components. In confrast, in
consumer services, industrials, real estate, telecom and utilities, the impact is more noticeable in bad
components. The findings of the Wilcoxon Rank Sum Test in Table 7 also indicate that there are no
statistical differences between good and bad volatility of consumer services, oil and gas, telecom
and utilities industries on the reaction for EMV-ID at the median level.

Table 4 presents the results for the entire sample until the COVID-19 outbreak.
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Table 4:The Relation between industry voldtilities and infectious disease equity market
volatility index for the whole sample before COVID-19 outbreak.

Cuantiles (0.05) (0.10) (0.20) (0.30) (0.40) (0.50) (0.60) (0.70) (0.80) (0.90) (0.95)
Total Volatilivy
Market Index 0.0002 0.0012% 0.0017=* 0.0018% 0.0044%*F=  000ART*=*  0.0075%%*  D.0110%**  (.02[8%=* [.IMR5**= 0.0561%
Consumer Services 0.0003 0.0000 0.0010 0.0021** 0.0017 0.0021 0.0048%= 0.0059* 0.0085*= 0.0351%*= 0.0325*
®  Financia Is -0.0015%* 0.0011 0.0016* 0.0012 0.0012 0.0022 0.0040% 0.0072%* 0.0093*= 0.0310%* 0.0147
2 Health Care 0.0012 0.0027#=  0.0040%*  (.0053%=*  Q.O0RT=+*  0.0001%=*  0Q.0100%+*  0.0119%*  0.0873%%*  (.0503%*= 0.0633
"E Industrials 0.0010 0.0012* 0.0018%* 0.0025%* 0.0029%* 0.0042%* 0.0044* 0.0107=**  0.0174*%**  (.0318***  0.0393**
= Materials 0.0023= 0.0015 0.0015 0.0055%**  0.0083***  0.0140%**  (0137***  Q.0227%*==  (.0280*=*  [.0535%** 0.0317
& Oil and Gas 0.0060+=*  0.0136%*  0.0170%**  0.0180%=*  0.0335%*=  0.0523***  0.0603** Q08175 0.1103*%=* 0.2104%** (3017+**
3 REIT -0.0009 0.0006 0.0012 0.0005 0.0009 0.0013 0.0006 0.0052% 0.0059 0.0059 0.0021
3  Technology 0.0004 0.0030 0.0034 0.0050 0.0105%* 0.0136%* 0.0191* 0.03775**  0.0764%**  (1662%*= (. 2068%*
B Telecom 0.0035%* 0.0030 0.0014 -0.0001 -0.0010 0.0005 -0.0016 0.0037 0.0129 0.0482%* 0.0501
Utilities -0.0003 0.0003 0.0016 0.0006 0.0030 0.0050%* 0.0058%*  0.0000%*=  ).0127+=* 0.0135 0.0281
Good Volatility
Market Index 0.0003%=*  0.0004%%*  0.0006%**  D.0009%=*  D.0012%*=  0.0018%%  0.0026%%*  0.0036%%  0.0052%=%  0.0050%*=  (.0000%**
Consumer Services  0.0003%=%  0,0003%*  0.0005***  0.0007***  0.0000%**  00014***  0.0020%%*  0.0025%  0.0030%=*  0.0051%*%=  0.0055%**
= Financials 0.0002+=*  0.0005%**  0.0007***  0.0010%**  0.0012%*=  0.0015%** 0.0024%*=* 000365  0.0045%=*  (0.0060%**  (00R2***
2 Health Care 0.0002%*  0.0005%**  0.0000=**  0.0013%* 0.0016%*  0.0019%=*  0.0025%* 0.0043***  0.0049%=*  0.0056=**  0.0086%**
'E Industrials 0.0003***  0.0003***  0.0006%**  0.0007***  0.0000%*=  0.0015%** 0.0018**=* 000255  0.0036*=* 0.0050%**  0.0067+**
~  Materials 0.0006+=*  0.0000%+*  0.0013***  0.0019%=*  0.0024**=  0.0030%**  0.0037%* 000455  0.0064*%=*  0.0006%**  0.0107+**
£ Oil and Gas 0.0026+=*  0.0020%+*  0.0047***  0.0065%=* 000795+  0.0100%**  0.0119%* 0016455  0.0201*%=*  0.0271***  (.07R2***
2 REIT 0.0001**  0.0002%**  0.0004***  0.0005%**  0.0006%* 0.0000%=* 0.0011*%* 0.0016%** 0.0031*** 0.0038%*=  0.0065%**
g Technology 0.0006+=*  0.0007** 00013  0.0016%=* 0.0028%*=  0.0040F=*  0.0063%** 0.0107*** 0.0158%=* (.0226%*  (.0282%**
@ Telecom 0.0002 0.0004**  0.0000%**  0.0013%* 0.0017%+*  (0.0021%=*  0.0024*** D.0035%**  0.0046***  0.0063**= 0.0048
Utilities 0.0004*=*  0.0004***  0.0007***  0.0010%**  0.0015**= 0.0016*=* 0.0017*** 0.0018%*= (0023*=* (.0024**= 0.0017
Bad Volatility
Market Index -0.0001 0.0001 0.0004 0.0008%* 0.0011* 0.0021%*  0.0061%**  0.0070%**  0.0184*=*  0.0377%*=  0.0480**
2 Consumer Services 0.0005 0.0002 0.0004 0.0002 0.0018%*=  00030%=*  0.0041%*  0.0046%*%  0.0004*==  0.0206%*=
= Financials -0.0001 -0.0002 -0.0005 -0.0001 -0.0002 0.0017* 0.0020%=  0.00R3=*=  0.0107*=*  0.0232%*=
'E Health Care 0.0001 0.0006 0.0002 0.0026%**  0.0035%**  0.0047***  (.0005%**  (Q.0132%*==  0.0308*=* 0.0501**=*
~  Industrials 0.0004 0.0004* 0.0003 0.0005 0.0007 0.0010%*  0.0045%** 000485 0.0070*%=*  0.0230%**
£  Materials 0.0011* 0.0014** 0.0012* 0.0010 0.0024%* 0.0022 0.0074%**  0.0084** 0.0131%*  0.0335%*=
3 0il and Gas 0.0042%**  0.0052%**  0.0101***  0.0101*** Q0110+  0.0230%=*  (.0202%*=*  (QDGO5=**  0.0600%=* [ 1582%+* [ 37R***
3 REIT -0.0002 0.0001 0.0003 0.0000 0.0002 0.0002 0.0012 0.0002 -0.0023 0.0087* 0.0059
B Technology -0.0017* -0.0005 0.0004 0.0041%**  0.0040%* 0.0037 0.0061 0.0180%*  0.0560%**  0.1461%*= 026204+
Telecom -0.0002 0.0010 0.0010 0.0008 0.0024%* 0.0023 0.0040%*= 0.0075%* 0.0086= 0.0205%* 0.0444
Utilities 0.0001 0.0001 -0.0000 0.0019%=* 0.0016* 0.0015 0.0013 0.0043%*%  0.0001*=*  0.0217%*= 0.0180*

Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity
market volatility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70,
0.80, 0.90, 0.95) during the sample period from 21 September 2012 to 17 January 2020. * ** *** represents significancy at the
10%, 5% and 1% levels, respectively.

Tables 5 and 6 present the results for the COVID-19 period before and after the Pfizer and Biontech
vaccine announcement, respectively. The first part of Tables 4, 5 and 6 demonsirates how the US
equity market volatility index (EMVI) affects the overall industrial volatility (IV) at different quantiles.

According to Table 5, during this period, the appreciative impact of EMV-ID is significant for all
industries, irespective of the quantile condition and volatility measures.
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Table 5:The Relation between industry voldtilities and infectious disease equity market
volatility index during the COVID-19 period before Pfizer and Biontech vaccine

announcement.
Quantiles (0.05) (0.10) (0.20) (0.30) (0.40) (0.50) (0.60) (0.70) (0.80) (0.90) (0.95)
Total Volatility
Market 0.0035%**  0.0049%** Q00655  0.0122%**  0.01 18"*" 0.0223%=% 003475 004117 0.0506%%F 0.0831%**

% Consumer Services  0.0023***  0.0033***  0.0068***  (.0108*** EE 0190 - 0.0591%** 0, [}rﬂ"l*"" 0.0948%*=

= Financials 0.0041%**  0.0064%+* 001355  0.0178%** == (.0320%=* 0.0617%** 0.1317%**

E  Health Care 0.0016%F  0.0033%** 000555  0.0080%=*  0.0112%*=  (00181%=* 0.0417%** 0. Df‘plﬂ"*" 0.1005%==

~  Industrials 0.0046%= D.DID(]"**| 0.0150F*=  0.0264%=* 0.03 r(‘*** 0.1032%==

£ Materials 0.0073%*=  0.0143%=* 0.0301%*=  0.0356%=* 0.17158%==

é Ol and Gas 0.0217%F%  0.0348%+* D.0BGT*** (. 1628+=* 0.3146%=* 0.4050%**

Z  REIT 0.0055%*  0.0123% (.01 lb*** 0.0241%%=  0.0353%=* 0.07153%=* 0.1356%%*

# Technology 0.0101%*  0.0146%  0.0236%=F  0.0304%**  0.045¢ 0. IlDfJ**“ 0.1384%* 0.4352%**
Telecom {].{llJla 0.0061%F*  0.0114%%  Q0163*=F  0.0237%%= (.M 0.0602%==  0.0060*=* 0.1610%%
Utilities 0.0033***  0.0051%**  0.0000%**  (0.0137%*F  00178%*=  (.0324%=*% (), {]11{1"** 0.0755%**  0.0863*=* 0.1837%**

Good Volatility
Market 0.0012%*%  0.0014%*F 000277  0.00377*F  0.0066%*=  0.0121%F 00161+~ 0. [}'“ R 0.0RORF**

2  Consumer Services  0.0006=F  0.0014***  0.0027***  0.OM5%**  0.0075%**  0.0100*=*  0.01 ’3"** K

= Financials 0.0021%**  0.0038%**  0.0051%%*  0.0081%**  0.0126%*=  (.017T8***

E Health C."\re 0.0012%** 00017+ 0.0031%**  0.0041%**  0.0047%*=  (.0073%=*

- 0.0013%**  0.0022%+* Q00285  0.0050%**  0.0063%*=  0.0151%=*

[+ 0.0014%=*  0.0020%*= 0.0062%=*  0.0104%*=  0.0192%=* R 0.0627%**

é Oil 1nd (L\s 0.0086+=*  0.0118%** .0 0.0362%=*  Q.0480%*=  (.0836*=* 0.1555%=* 47

¥ REIT 0.0011%**  0.0027**  Q0030%F%  0.0052%* 000655+ 0.0171%* 0.0320%**  0.0453%%*

" Technology 0.0027+**  0.0030%+* Q00555 0.0067%*  0.0000%*=  (.0162%=* 0.0505%**  0.0603%=* v
Telecom 0.0004 0.0022%%*  0.0054%%*  0.0001%=*  0.0004%*=  Q0157%* - 0.0372%**  D.0620%=* 0. 060.}"*" 0. 1 ‘[}"*‘*
Utilities 0.0013%**  0.0016%* 000405  0.0046%**  0.0086%**  (0.0135%=*% (. {]_5‘353*** 0.0362%**  0.0460*=* 0.0800*** 0.0732%**

Bad Vols y
Market 0.0000%F=F  0.0014%*F  0.0027=%F  0.0038%=F  0.0056%%=  0.0075%FF  O.0128FFF 0, DIWJ**’ 0.0251%F 0.0 43F=*

g Consumer Services  0L0000**  0.0013%**  0.0023%**  (L0041***  0.0059%*=  0.0072%=*  D.0148%*= 0.0345%=* 0.0085%*

2 Financials 0.0020%=*  0.0026%F* Q00305  0.0056%*F  0.0073%*=  0.0121%=%  (0183*** 0.02060%=* 0.0844%**

E  Health Care 0.0005%F  0.0012%*  0.0021%%*  0.0032%**  0.0046%*  0.0071%* 001045+ 0.0215%=* | 0.0005%=*

—  Industrials 0.0011***  0.0014%*  0.0021%** 1 000485 D.0068*=*  00120%%* 0.0215%=* 00328 0.07253%=*

£ Materials 0.0014%**  0.0025%* 000425 0.0055%*F  0.0071%**  0.0115%* 0.0106%* 0.0570%=* 0.0682% 0.1104%*

3 Oil and Gas 0.0070%** 00105 00203 0.0260%F 00333+ 0.0403%*F  0.0602%F 000157 0.1251% 0.2006%*= 0.3016%=*

2 REIT 0.0014%=*  0.0021***  0.0033=**  0.0045%=*  0.0058%*=  (0.0124%=*  0.0160%**  0.0244===  (.0315%=* a {]y’i”** 0.0057%==

# Technology 0.0027+**  0.0041%+*  Q.0064%%F  0.0081%*F  0.0128%*=  (Q01B6*F=*  0.0312%F 004615 0.0677+* L 0.3642%%*
Telecom 0.0014%**  0.0021%+* Q00585  0.0080%*F  00118%**  (Q.0173%=*%  0.0210%+*  0.0360%=  0.0468%=* 0.1104%**
Utilities 0.0015%**  0.0023%*  Q.0034%%F  0.0040%*F  0.0064%*=  0.0100%=*%  0.0210%+*  D.0276==  (.038R*=* 0.0854%*

Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatfility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90, 0.95) during the sample period from 20 January 2020 to 6 November December 2020 to see the relation during COVID-19
period before the Pfizer and Biontech vaccine announcement. * ** *** represents significancy at the 10%, 5% and 1% levels,

respectively.

Table 6:The Relation between industry voldtilities and infectious disease equity market
volatility index during the COVID-19 period after the Pfizer and Biontech vaccine

announcement.
Quantiles (0.05) (0.10) (0.20) (0.30) (0.40) (0.50) (0.60) (0.70) (0.80) (0.90) (0.95)
Total Volatility
Market 0.0002 0.0005%%  0.0011%%F  0.0020%%F  0.0030F%  D.0033%F  0.0030%+F  0.0045%%*  0.0062%=* 0.0084% 0.0124%*
% Consumer Services 0.0005 0.0009%+*  0.0020%%* 00024 0.0030%**  0.0030%=*  0.0033*** 000425 00051+ 0.0074%* 0.0074*
2 Financials 0.0006 0.0013%*  0.0018%** ; 000315+ 0.0044%**  0.0048%**  0.0073%**  0.00; * 0.0114 0.0177
E  Health Care 0.0001 0.0008%= 0.0000%* 0. [}{][}‘J** 0.0012%* 0.0015%* 0.0013* 0.0018% 0.0042+* 0.0054% 0.0061
~  Industrials 0.0005 0.0007*=  0.0017=**  0.0023%*  0.0026%*=  0.0042%*  0.0054%**  0.0073%*=  0.0097%=* 0.0128%* 0.0165*
£ Material 0.0013** 0.0019%* 0.0023**  0.0029%=* ; 0.0060%**  0.0053%* 0.0056* 0.0149%+=* 0.0155%* 0.012
é Oll and Gas 0.0040%* 0.0044* 0.0054 0.0150%=* 5 0.0256%=*  0.0202%**  0.0330%F*  0.0467F=* 0.066TF= 0. 1011""“‘
Z  REIT 0.0002 0.0005* 0.0011==*  0.0017***  0.0020%*=  0.0019%=*  0.0024***  0.0032%*=  0.0051%* 0.0079%* 0.0082
# Technology 0.0025+*  0.0027***  0.0033**  0.0054%  0.0073**=  0.0001%=*  0.0004%** 001365  0.0252% 0.0358%+= 0.0300+=*
Telecom 0.0010 0.0006 0.0007 0.0019%**  0.0024%+*  D.0026%**  0.0026+* 0.0039** 0.0043 0.0007* 0.0151*
Utilities 00006 0.0004 00018+ 0.0027%F*  0.0030F+  (.0034%**  0.0042%+*  0.0043%%*  0.0080*=* 0.0000**= 0.01 70=*
Good Volatility
Market -0.0001 0.0001 0.00055%%  0.0004% 0.0004 0.0007* 00015+ 0.0026%%  0.0047F% 00062+ 0.0087+*
% Consumer Services -0.0001 0.0001 0.0002 0.0004* 0.0008%+=  Q.0010%*  (0.0013%**  0.0022%%*  (.0023%=* 0.0043%%= 0.0030
=2 Financials 0.0002 0.0003 0.0004* 0.0010%=*  0.0017**=  0.0020%=*  0.0021***  0.0030%*=  0.0055%=* 0.0127%*= 0.0206
"'E Health Care -0.0001 0.0002 0.0006=%*  0.0005%*  0.0006+  0.0007%*  0.0012%+*  0.0020%%*  0.0022%* 0.0038%* 0.0054
~  Industrials 0.0001 0.0002 0.0006=%*  0.0006%=*  0.0007% 0.0007= 0.0017#***  0.0022%%  0.0044%=% 0.0100%*= 0.0009
2 Mater 0.0006+=*  0.0006%*  0.0011%  0.0012%=  0.0013%%  0.0026%=%  0.0042%*%F 000485 00101+ 0.0171%*= 0.0139
2 Oiland Gas 0.0010 0.0012 0.0026%* 0.0032+*  0.0008**  0.0123**  0.0133*** 0. EE O Q0260%F 0.0548%+= 0.0450
3 REIT 0.0000 0.0002 0.0003**  0.0005%**  D.0008***  0.0007**  0.0014%**  0.0028*+*  (.0034+** 0.0071%** 0.0065
" Technology 0.0002 0.0001 0.0004 0.0014%* 0.0009 0.0013 0.0050%**  0.0064%%*  0.0003%=* 0.0182%*= 0.0164%
Telecom 0.0005%*  0.0006***  0.0005%%*  0.0007%*  0.0013%*%=  00017%=* 0.0021***  0.0030%*=  0.0041%* 0.0077**= 0.0058
Utilities -0.0000 -0.0000 0.0003* 0.0007+**  0.0007*+*  0.0000%**  0.0016*+*  D.0027%%*  0.0045%** 0.0049%* 0.0158+*
Bad Volatility
Market 0.0002 0.0003***  0.0002%*  0.0006%=*  0.0008%*=  0.0009%=* 0.0018%**  0.0030%*= 0.0046%* 0.0067**= 0.0057
2 Consumer Services 0.0002 0.0005%= 0.0005%*  0.0009%=*  0.0011%*  0.0012%=*  0.0018%**  0.0021%**  0.0030%** 0.0027 0.0060
.2 Financials 0.0000 0.0000 0.0001 0.0005%* 0.0005 0.0006 0.0020%**  0.0028%F=  (.0045%=* 0.0000%*= 0.0104
E  Health Care 0.0002 0.0002* 0.0005* 0.0005+% 00006+ 0.0006%%  0.0010%**  0.0021%%*  0.0027%=* 0.0034 0.0068*
= Industrials 0.0002%*  0.0003*%**  0.0005%%*  0.0006%=*  0.0006*  00011%**  0.0023%**  0.0036%  0.0053%* 0.0055%* 0.0075
£ Materials 0.0002 0.0005%%  0.0007***  0.0010%**  0.0013*+*  0.0022%**  0.0030%*+*  0.0051%%*  0.0061%=* 0.0068 0.0201
2 Oiland Gas 0.0002 0.0002 0.0021 0.0037#F*  0.0058%+  0.0072%*  00114%+F  0.0162%%*  0.0285%=* 0.0538%%= 0.0388
3 REIT 0.0001 0.0002 0.0005%=*  0.0006%*  0.0009%*=  0.0014%*  0.0017***  0.0023%*=  0.0021*=* 0.0057* 0.0053
# Technology 00005 0.0009%+*  0.0012%%* 000207 0.0023%  0.0032%*  0.0038%* 0.0075%*  0L.0178** 0.0185%* 0.0192
Telocom 0.0005+**  00006***  0.0005%*  0.0007+* 00011  0.0020%=*  0.0023***  0.0043%*=  0.0038** 0.0054 0.0041
Utilities 0.0002 0.0003 0.0005%%F  0.0011%**  0.0012%+  0.0013%**  0.0021%**  0.0028%F*  (.0037+=* 0.0034%*= 0.0040
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Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatfility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90,
0.95) during the sample period from 9 November December 2020 to 31 December 2021 to see the relation during COVID-19
period after the Pfizer and Biontech vaccine announcement. * **, *** represents significancy at the 10%, 5% and 1% levels,
respectively.

As the findings of the Wilcoxon Rank Sum Test suggest in Table 7, there are statistical differences in
the median values of good and bad volatfility in all indices except the Oil and Gas and Utilities
sectors. Due to this statistical difference, we demonstrate the results by decomposing volatility into
good and bad components in the second and third parts of Tables 4, 5 and 6.

Table 7: Wilcoxon Rank Sum Test

Whaole Sample until COVID-19  During COVID-19 before the vaccine announcement  During COVID-19 after the vaccine announcement ‘Whaole Sample

= value Probability z value Probahility 7 value Probabilicy z value  Probahility
Market Index 5463 0.0000 1516 0.0603 0.0003 G087 0.0000
Consumer Services 3.740 0.0002 1.122 0.2620 0.5565 3.546 0.0004
o Financials 3.710 0.0002 0.767 0.4433 0.0059 3774 0.0002
.= Health Care 5.500 0.0000 1.250 0.2079 0.0100 5.004 0.0000
E  Industrials 4.080 0.0000 1.580 0.1141 0.0000 4.049 0.0000
= Materials 3.301 0.0007 1.820 0.0687 0.0002 1.362 0.0000
£  Oil and Gas 1.018 0.0551 -0.023 09819 0.1407 1.525 0.1273
2 REIT 3630 0.0003 0.974 0.3301 0.0014 4.182 0.0000
i  Technology 5.318 0.0000 1.808 0.0577 0.0114 5.563 0.0000
@ Telecom 2.236 0.0254 0.768 0.4423 1.406 0.1507 2.553 0.0107
Utilities 0.416 0.6771 0.544 (0.5864 1.500 0.1314 0.037 0.3486

Note: Wilcoxon Rank Sum Test is applied to check the equality of the medians of the two samples (good volatility versus bad
volatility).

Hence, we empirically verify that economic uncertainty shocks can significantly and persistently
increase industrial volatility during COVID-19 until the vaccine announcement. Bad volatility is
associated with declines in prices, and good volatfility is associated with increases in prices. After the
outbreak of COVID-19, economic uncertainty shocks inifially caused an increase in bad volatility due
to significant price decreases with the outbreak of COVID-19. However, once the shock has been
absorbed, the stock market recovers with big price jumps and good volatility increases, as presented
in Figure 1.f. The findings of the Wilcoxon Rank Sum Test in Table 7 also support this inference. During
the COVID-19 period before the vaccine announcement, there is no statistical difference between
good and bad volatility in their reaction to a change in the EMV-ID index. As price decreases with
the shocks followed by a recovery, we observe that both good and bad volatility of industry indices
are affected by infectious disease economic uncertainty. Hence, during COVID-19 period, all
volatility measures are affected from uncertainty irrespective of the quantile condition.

To conclude, according to Tables 2, 3 and 4, it is evident that the positive transmission of volatile
shocks from the EMV-ID towards the |V strengthens and gains momentum as the IV volatility transits
from bearish (lower quantiles) towards the bullish (higher quantiles) condition irrespective of the
period considered. Interestingly, during the COVID-19 period before the vaccine announcement
and bearish IV conditions, the appreciative impact of EMV-ID is more significant for all industries
compared with the other periods. This is supported by Kundu and Paul (2022), who examine the
effect of economic policy uncertainty on stock market volatility for the seven countries in differential
market conditions such as bull and bear markets. The estimation results suggest that the impact of
EPU is significant in the bear market. Finally, the magnitudes of the effect of EMV-ID uncertainty on
industrial volatility across the three subsample periods are significantly different from each other,
indicating that the effects of economic uncertainty shocks on industrial volatilities vary significantly
under different macroeconomic conditions as documented by Lyu et al. (2021) for the oil market.
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5. Robustness Analysis

To investigate the sensitivity of our findings, we also estimate the quanftile regression with
booftstrapped standard errors (Tables 8, 9 and 10) and robust standard errors (Tables 11, 12 and 13)
as a robustness check. Our results are robust fo different estimation types and indicate a similar
relation between U.S. industrial volatility resulting from infectious disease and different industrial
volatility measures.

Table 8:The Relation between industry voldtilities and infectious disease equity market
volatility index for the whole sample before COVID-19 outbreak.

Quantiles (0.05) (0.10) (0.20) (0.30) (0.40) (0.50) (0.60) (0.70) (0.80) (0.90) (0.95)
Total Volatility
Market Index 0.0003 0.0012* 0.0017** 0.0018 0.0044%* 0.0061* 0.0075 0.0110% 0.0216%* 0.0475%* 0.0446%
Consumer Services 0.0003 0.0000 0.0010 0.0021 0.0017 0.0021 0.0048 0.0059 0.0085 0.0356%+= 0.0325
g Financials -0.0015 0.0011 0.0014 00017 0.0012 0.0022 0.0040 0.0083* 0.0002%* 0.0300%* 0.0146
2 Health Care 0.0010 0.0026 0.0040%+*  0.0053***  0.0087***  0.0000%** 0.0100* 0.0115 0.0372%* 0.0485 00626+
E Industrials 0.0010 0.0012 0.0015%* 0.0025 0.0029 0.0042%* 0.0044 0.0106 0.0174** 0.0318%* 0.0303
~  Materials 0.0020 0.0015 0.0014 0.0055 0.0083%*  0.0140%=*  0.0137** 0.0226%* 0.0287* 0.0534** 0.0311
£ 0il and Gas 0.0060 0.0134***  0.0170%**  0.0180%**  0.0335%  0.0523*=*  (0.0603*** 0.0817*** 0.1103***  0.2104**  (Q30]7***
E REIT -0.0000 0.0006 0.0012 0.0005 0.0000 0.0013 0.0006 0.0052 0.0060* 0.0059 0.0021
g Technology 0.0004 0.0020 0.0034 0.0050 0.0105 0.0136 0.0191 0.0377 0.0764** 0.1662 0.3004
P Telecom 0.0035 0.0030%** 0.0014 -0.0001 -0.0010 0.0006 -0.0016 0.0037 0.0120 0.0482* 0.0403
Utilities -0.0003 0.0003 0.0016 0.0006 0.0030 0.0050%=*  0.0058** 0.0099* 0.0127** 0.0135 0.0281*
Good Volatility
Market Index 0.0003*=*  0.0004***  0.0006%**  0.0000%=* 0.0012%**  0.0018%***  0.0026%** 0.0036***  0.0052%**  0.0050%%=  (.00R0***
Consumer Services  0.0003*=*  0.0003*%*  0.0005%**  0.0007***  0.0000%*=  0.0014***  0.0020%**  0.0025%** 0.0030*%**  0.0051%**  0.0055%**
% Financials 0.0002 0.0005%**  0.0007=**  0.0010%=*  0.0012**=  0.0015%* 0.0024**  0.0036%*=  0.0045%=*  0.0060%*=  (.0082%**
= Health Care 0.0002* 0.0005%**  0.0000=*  0.0013*=*  0.0016%*=  0.0019%=* 0.0025%**  0.0043=*=  0.0049%=*  0.0056%*=  0.0085%**
= Industrials 0.0003*=*  0.0003***  0.0006%**  0.0007*=*  0.0000%*=  0.0015%=* 0.0018%* 0.0025%*=  0.0036%¥=*  0.0050%* Q0067+
= Materials 0.0006%*%  0.0000%+*  0.0013*+*  0.0019%=*  0.0024***  0.0030%=*  0.0037+*  0.0045%**  0.0064*%** 000065+  0.0107++*
&  0il and Gas 0.0026%=*  0.0020%+*  0.0047***  0.0065%=*  0.0070%**  0.0100%**  0.0110%**  0.0164**=  0.0201%**  0.0271*** 0.0782
E REIT 0.0001* 0.0002 0.0004=**  0.0005%=*  0.0006=*=  0.0000%==* 0.0011***  0.0016%*= 0.0031*** (.0038%*= 0.0065*
2 Technology 0.0006%*  0.0007***  0.0013***  0.0016*=*  0.0028%*=  0.0040%=* 0.0063***  0.0107**= 0.0158%**  0.0226%+= 0.0282*
M Telecom 0.0002 0.0004%=  0.0000%%*  0.0013*%=*  0.0017***  0.0021%=* 0.0024%** 0.0035%** 0.0046%**  0.006G3=** 0.0048
Utilities 0.0004*=*  0.0004***  0.0007***  0.0010%=* 0.0015%**  0.0016%=* 0.0017*** 00018**=  (0.0023*=*  0.0024*** 0.0017
Bad Volatility
Market Index -0.0001 0.0001 0.0004 0.0008 0.0011 0.0021 0.0061*** 0.0070 0.0183*%**  D.03T6** 0.0473
g Consumer Services  0.0005%* 0.0002 0.0004 0.0002 0.0018 0.0030* 0.0041%* 0.0046 0.0094* 0.0206%+* 0.0252
= Financials -0.0001 -0.0002 -0.0005 -0.0001 -0.0001 0.0017 0.0020 0.0083**=* 0.0107 0.0233%+* 0.0327*
'E Health Care 0.0001 0.0006* 0.0008 0.0026%*  0.0035%**  0.0047%* 0.0005%* 0.0132%*  0.0308*=*  0.0500%**  0.0800%*
~  Industrials 0.0004 0.0004 0.0003 0.0005 0.0007 0.0019 0.0043* 0.0048* 0.0079 0.0239%* 0.0280
£  Materials 0.0011 0.0014%**  0.0012%** 0.0010 0.0024%* 0.0022 0.0074* 0.0084%* 0.0131 0.0335%* 0.0235
E Oil and Gas 0.0042% 0.0052*%=  0.0101***  0.0101*=*  0.0114%*  0.0230%=*  0.0202%=  0.0605%*=  0.0600%**  (.1582%+= 0.1378*
¥ REIT -0.0002 0.0001 0.0003 0.0000 0.0002 0.0002 0.00m2 0.0002 -0.0023 0.0087 0.0059
B Tochnology -0.0005 0.0004 0.0041 0.0040 0.0037 0.0061 0.0180* 0.0560 0.1461* 0.2620%+*
Telecom -0.0002 0.0010%* 0.0011 0.0008 0.0025* 0.0023 0.0040* 0.0075 0.0000 0.0203 0.0447%*
Utilities 0.0001 0.0001 -(0.0000 0.0019 0.0016* 0.0015 0.0013 0.0043 0.0001 0.0217=**  0.0180**

Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90, 0.95) with bootstrapped standard errors during the sample period from 21 September 2012 to 17 January 2020. *, **, ***
represents significancy at the 10%, 5% and 1% levels, respectively.

90



INFECTIOUS DISEASE AND ASYMMETRIC INDUSTRIAL VOLATILITY

Table 9:The Relation between industry voldtilities and infectious disease equity market
volatility index during the COVID-19 period before the Pfizer and Biontech vaccine

announcement.
Quantiles (0.05) (0.10) (0.20) (0.30) (0.40) (0.50) (00.60) (0.70) (0.80) (0.90) (0.95)
T'otal Volatility
Market 0.0035%%  D.OMD™* D006 D.01Z2%F  QO0I58¥**  [0.0223%F 0.0411%%= 00831+ 0.1004%%F

g Consumer Services  0.0023***  0.0033***  0.0068***  0.0108**  0.0142***  0.0190** 0.0501*** 0.0040%+* 0.1430%**

2 Financials 0.0041%*  0.0064**+*  DO135%+*  0.017R***  (D.0D238*+* 0.0320%* 0.0617%+* 013175+ D.1554+#*

E  Health Care 0.0016 0.0033*+* 00055+ Q0080+  (.0112%**  (.0181%** 0.0417%*=* 0.0646*+* 0.1005%**

= Industrials o027 0.0046%+*  0.0100%**  0.0126%=*  Q.0150%**  (.0264%* 0.0376%*=* 0.0058%+=* 0.1032%**

£ Materials 0.0052%**  0.0073%**  0.0143%**  0.0220°**  0.0301***  0.0356** 0. Df‘m:"*" 0.1422%+=* 0.17 I 3***

,)3_. Ol and Gas 0.0138%*  0.0217*+*  00348*+* 0.0512* 0.0BGT*** 0.4237%*= X

g REIT 0.0030%=*  D0055***  0.0123*=** (.01 ¢ 0.1161%+=*

B Technology 0.0078***  0.0101***  0.0146%**  (.0236%* 0. IlDf b 0.2530%+=
Telecom 0.0013 0.0061% 00114+ 00163 02 0.0692%+* 0.1443%+*

Utilities 0.0033%=*  0.0051***  0.0090%** 00137+ 0.0178* 0 {]116*** 0.0755%** 0.1007%*=
Market 0.0012%% 000147 00027+ 0.0037* 000665+ 0.0121%*% 0.0 If‘l = 0.0307%

£  Consumer Services 0.0006 0.0014 0.0027%F*  0.0045%=*F 000755+ 0.0100+** 0.0624%*

.2 Financials 0.0021%=*  0.0038%** Q0051  Q0081%=*  (.0126%*=  (017E*F=*

E  Health Care 0.0012%**  D.0017***  D.0031%**  0.0041%**  0.0047%** 0.0073*

=~ Industries 0.0013* 0.0022%+*  0.0028*+*  0.0050%**  0.0063***  0.0151%* DD‘ 0=

& Materials 0.0014+** 0.0020+ 0.0056%* 00062+ 0.0104%* 0.0102+* 0.0370%*=

é Oil and Gas 0.0086%* 0.0118%= 0.0227*F*  Q.03E2F=F  QO4ROFF=F [ ORIGFEF 0.1555%*= 0.2146%*=

¥ REIT 0.0011 0.0027*+*  0.0030%+*  Q.0052%** 00065 00171+ 0.0320%*= 0.0584%+=*

@ Technology ooz 0.0030%+* 00067+ 0.0090** 0.0162 0.0505%+* 0.1183%* (
Telecom 0.0004 0.0022%+= D 0054%* 0.0001%**  0.0004%* 0.0157+* 0.0372%*= 0.0A00=+= 0.1202%**
Utilities 0.0013*=* 0.0016 0.0040%+*  0.0046%**  D.00RA=** 00135+ (.01 ‘88*** 0.0362%+=* 0.0800%+=* 0.0732

Bad Volatility
Market 0.0000%%  0.0014%**  QO027***  0.0038%=*  Q.0056%**  0.0075%%  (.0128%%%  0.0100%**  [0.0251%%* [i] {]rl‘l"'""‘" 0.0R42¥**
p Consumer Services  0.0000%=*  0.0013%**  0.0023%* 0.0041%=  0.0050%*= 0.0072 0.0148%= 0.0265%**  0.0345%** 0.0085%**

2 Financials 0.0020%**  0.0026%**  0.0030%**  0.0056%**  0.0073%**  0.0121%* 0.0183%**  (.0221%**  (.0200%== 0.0844*+*

E  Health Care 0.0005 0.0012%+* 00021+ 0.0032%**  0.0046%*  0.0071% 0.0104%*  0.0160%* 0, 0.0005***

—  Industrials 0.0011***  0.0014%**  0.0021%%*  0.0034%**F  QOD4E***  0O00GE***  0.0120%**  0.0140%%= [ 0.0723***

£ Materials 0.0014%*  0.0025***  0.0042%**  (.0055%** 0.0071 0.0115%=F  0.0196%**  0.0242%F= ), 0.06RD e 0.1104

2 Oiland Gas 0.0070%=*  0.0103**=*  0.0203=**  0.0260%*=*  0.0333%*=  0.0403%=*  0.0602*** 000155 (.12 0. ‘[}‘Jﬂ*** 0.3016%*

2  REIT 0.0014%**  0.0021%**  0.0033*%*  0.0045%%  Q0058*F  0.0124%*  D0160***  0.0244% 0, 0.0057+**

P Technology 0.0027+**  0.0041%**  Q.0064*+*  0.0081+**  Q.0128***  001RGF*+  0D.0312%+* 004615 [ 0.3642%**
Telecom 0.0014 0.0021 0.0058%**  Q.0080F=*  (QO118***  (.0173%=* 0.0210%= 0.0360%*=  (.04GRF** 0.1104%**
Utilities 0.0015%**  0.0023**F*  0.0034***  0.0049%**  0.0064***  0.0100%=*  0.0210%**  0.0276%**  (L038R*** 0.0530%%= 0.0854**

Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatfility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90, 0.95) with bootstrapped standard errors during the sample period from 20 January 2020 to é November December 2020
fo see the relation during COVID-19 period before the Pfizer and Biontech vaccine announcement. *, ** *** represents
significancy at the 10%, 5% and 1% levels, respectively.

Table 10: The Relation between industry volatilities and infectious disease equity market
volatility index during the COVID-19 period after the Pfizer and Biontech vaccine

announcement.
Tuantiles 0.05) 0.10) 0.20) 0.30) [0.40) 0.50) 0.60) 0.70) (] .00 005
Lotal Vi
Market 0.0035%=%  0.0049%+%*  Q00G5***  0.0122%**  0.0158%** . 0.0411%%%  0.0506%** 0.0B31*** 0.1004%=*
g Consumer Services  0.0023*=*  0.0033***  0.0068***  0.0108*=*  0.0142%*=  (.0190*** 0.0591%*= 0. [lr E’i‘)”‘”* 00940+
= Pinancials 0.0041%=*  0.0064***=  0.0135%**  (.0178%** i 0.0320%=* 0.0617%** . 0.1317%*=*
E Health Care 0.0016%*  0.0033***  0.0055%*=*  0.0089*=* (0.0112 (L0181 *=* 0.0417%*%* 006465 [} 1005%**
~  Industri 0.0027%*  0.0046%* 001005  0.0126%%*%  0.0150%**  0.0264%%* 0. 03.’("‘*‘ ( DDS}-;S;‘** 0.1032%**
£ Mater 0.0052%=%  0.0073%* Q01435 0.0220%%*%  0.0301***  0.0356%=*%  0.0403%+* 007 1 Panad 0.1713%%*
E Oll and Gas 0.0138%**  0.0217%%*  (O348=**  0.0512%=%  0.0B67***  D.1628F=*  0.1916%** 0.3146%=* 0.4932%=*
% REIT 0.0030%=%  0.0055%%*  0.0123%**  0.014R%** 0.0353%=* 0.0715%* [IRBi1 Raa 0.1356%=*
® Technology 0.0078*=*  0.0101**%*  0.0146%%*  0.0236%=* (L0450%=* D 1 10‘3"*“ (L13R4%=* 0.2530%+= (. 4382%=*
Telecom 0.0013 0.0061***=  0.0114%**  0.0163%** 028 (L0411 7%%* 0.0692%*=  0.0060*** 0.1443%*= 0.1610%*
Utilities 0.00335=*  0.0051***  0.0000%**  (.0137%** 0.0178%**  (.0324%** 0.0755**=  0.0BGI**=* 0.1007%** (.1837%**
Good Volatility
Market 0.0012%#*  0.0014%* 000275  0.0037%%*F  0.0066%%  0.0121%%*%  D.016G1**+* 0.0200%=* 0.0301%**
2 Consumer Services  0.0006%*  0.0014***  0.0027***  0.0045%**  0.0075%**  0.0100%=*  0.0123*** (0.05: 006245+
2 Financials 0.0021%**  0.0038%**  QO0O51%**  0.0081%=* 0.0126%*F 0.0178F=*  [02RI*** | ( 0.0603%*=
E Health Care 0.0012%=*  0.0017***  0.0031%**  0.0041%=*  0.0047=**  0.0073%=*  0.0147+*  0.0222%%* [IXIEES R
~—  Industries 0.0013*%=%  0.0022%%* Q00285  0.0050%**  0.0063*** 0.0151%=* 0.0182%**  0.0230%%*  (.03353%** 004465
£ Materials 0.0014%=*  0.0020*** Q00565  0.0062%=*  0.0104=**  0.0192%=*  0.0264***  0.0370=** 006275
E Oil and Gas 0.0086%=*  0.0118*** Q02275  (.0362%**  0.0480=**  (0836%** (.1152*%** (.1 "n":"*‘ ( 0.21¢ IE"»‘*x
¥  REIT 0.0011%=*  0.0027%%* Q00305 .00z 0.0065%**  0.0171%** 0.0455%=*
® Technology 0.0027%=*  0.0030%**  Q0055%** 0. [)Of‘n = 0.0000%%*  0L01R2FF* 0.0605%=* B3 0.2075%**
Telecom 0.0004 0.0022%**  Q.O054%**  0.0001%**  0.0004%**  DO157+=* 0 0372%%*  (.0G29*** 0. l]ﬂ']J‘** 0.1202%=*
Utilities 0.00135*  0.0016%%* 000405  0.0046%**  0.0086%** (.0 0.0362%*=  0.0469%** 0.0809**+* 0.0732%**
Bad Volatility
Market 0.0000%=%  0.0014%%*  Q0027**  0.0038%**%  0.0056%**  0.0075%=* 0.0128%**  0.0199%%=  (.0251%** (.0842%=*
z Consumer Services  0L0000%**  0.0013*%%*  0.0023**  0.0041%**  0.0050%**  0.0072*** 0.0148%**  0.0265%%*  (.0345%** 0.0085%*
= Pinancials 0.0020%=*  0.0026***  0.0030%=* 0. [)0 S6%=% 00073 0.0121%=*  0.0183**=*  0.0221%*=  0.0200%*=* (.0844%=*
E Health ("ue 0.0005%*%  0.0012%+* 000215  0.C 0.0046=**  0.0071%=*  0D.0104***  0.0160%%*  (0215%** {] (]38.}** 0.0005%**
= 0.0011%*  0.0014%* 000215 ([ 0.0048=**  D.0D6E**=*  D.0120%**  0.0140%%*  (Q0215%** 0.0328%* 0.0725%%*
[ 0.0014%**  0.0025%*%*  0.0042%**  (.005F 0.0071=**  D.0115%=*  D0196%**  0.0242%*= [ 0.06R2** 0.1104%*
3 Oil and (.AS 0.0070%%  0.0103%**  0.0203%**  0.0260%**  0.0333*%*  0.0403%=*  0.0602**+*  0.0015%*= [ 0.2006%+* 0. 301!’:""*
3 REIT 0.0014%=*  0.0021%*%*  0.0033**  0.0045%=*  0.0058***  0.0124%=*  0.0160***  0.0244%*= [hl s 5T
B Technology 0.0027%=*  0.0041***  0.0064%**  0.0081**=* 0Q.0128=**  (.0186%=* (.0312***  0.0461%**
Telecom 0.0014%=*  0.0021*** Q00585  0.0080%=* Q.0118=** (.0173%=* 0.0210***  0.0360=** X [} 119 I*"*
Utilities 0.0015%*  0.0023%*  0.0034%%*  0.0040%=*  0.0064***  0.0100%**  0.0210%**  0.0276%** [ D.D\ sl 0.0854%*
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Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90, 0.95) with bootstrapped standard errors during the sample period from 9 November December 2020 to 31 December
2021 to see the relation during COVID-19 period after the Pfizer and Biontech vaccine announcement. *, ** *** represents
significancy at the 10%, 5% and 1% levels, respectively.

Table 11: The Relation between indusiry volatilities and infectious disease equity market
volatility index for the whole sample before COVID-19 outbreak.

Cuantiles (0.05) (0.10) (0.20) (0.20) (0.40) (0.50) (0.60) (0.70) (0.80) (0.00) (0.95)
Total Volatility
Market Index 0.0003 0.0012 0.0017* 0.0018 0.0044%%  D.0061*=* 0.0075 0.0110%**  0.0216%** 0.0475 0.0446%*
Consumer Services 0.0003 0.0000 0.0010 0.0021 0.0017 0.0021 0.0048 0.0059 0.0085 0.0356%**  (.0325%**
g Finaneials -0.0015 0.0011 0.0014 0.0017 0.0012 0.0022 0.0049 0.0083%* 0.0002 0.0300%**  0.0146%+*
=2 Health Care 0.0010 0.0026 0.0040%*%  0.0053%** 00087+  0.0000%**  (.0100%** 0.0115 0.0372%=% 0.0485 0.0626%*
E Industrials 0.0010 0.0012 0.0018* 0.0025 0.0029 0.0042= 0.0044 0.0106* 0.0174%=*  D.0318*** 0.0393
= Materials 0.0020= 0.0015 0.0014 0.0055 0.0085%* 0.0140* 00137+ 0.0226%**  D.0287**=*  0.0534**=  0.0311%**
£ 0Oil and Gas 0.0060 0.0134**  0.0170%**  D.0189*=* 0.0335* 0.0523**  0.0603*= 0.0817* 0.1103%=*  0.2104%* 0.3017
§ REIT -0.0009 0.0006 0.0012 0.0005 0.0000 0.0013 0.0006 0.0052%* 0.0060% 0.0059 0.0021
$  Technology 0.0004 0.0030 0.0034 0.0050 0.0105 0.0136* 0.0191 0.0377 0.0764 0.1662 0.3004%#*
P Telecom 0.0035%*  0.0030** 0.0014 -0.0001 -0.0010 0.0006 -0.0016 0.0037 0.0120* 0.0482%*=  ().0403%**
Utilities -0.0003 0.0003 0.0016 0.0006 0.0030 0.0050** 0.0058%= 0.0000* 0.0127%+=* 0.0135 0.0281%**
Good Volatility
Market Index 0.0003*=*  0.0004***  0.0006%**  0.0000%*=*  0.0012%%=  0.0018%=*  (.0026%** 0.0036%** 0.0052%=* D.0050%**  (.0080%*
Consumer Services  0.0003***  0.0003***  0.0005%**  0.0007*** 00000  (0.0014*** 0.0020%**  0.0025%**  0.0039*** 0.0051**= 0.0055%
z Financials 0.0002= 0.0005%¥*  0.0007*+*  0.0010%**  0.0012%*=  0.0015%**  0.0024***  0.0036%**  0.0045+**  0.0060**  0.0082%*
2 Health Care 0.0002* 0.0005%+*  0.0000%**  0.0013***  0.0016%*=  00010%**  0.0025%*  0.0043***  0.0040+**  0.0056%**  0.0085+**
E Industrials 0.0003**  0.0003**  0.0006%**  0.0007*=*  0.0000%*=  0.0015%** 0.0018%*  0.0025%**  0.0036%** 0.0050%**  0.0067*%**
= Materials 0.0006+=*  0.0000%**  0.0013***  0.0019%**  0.0024**=  0.0030%** 0.0037***  0.0045%**  0.0064***  0.0006%**  0.0107***
2 0il and Gas 0.0026+=*  0,0020%%*  0.0047***  0.0065%*  0.0079%*=  0.0100%=*  0.0119%**  0.0164***  0.0201**=*  00271%**  (.0782*%**
E REIT 0.0001 0.0002* 0.0004***  0.0005%**  0.0006%*=  0.0000%=*  (0.0011*** Q.0016%*=  0.0031*** 0.0038%*=  (.0065%**
3  Technology 0.0006+=*  0.0007**  0.0013***  0.0016%**  0.0028%*=  0.0040%** 0.0063***  0.0107*** 0.0158%=* 00226%** (0282
M Telecom 0.0002 0.0004* 0.0000%**  0.0013*** 00017  0.0021%*  0.0024**  0.0035%*=  0.0046%** 0.0063***  (.0048***
Utilities 0.0004**  0.0004***  0.0007***  0.0010*** 0.0015%*= 0.0016+** 0.0017*** 00018%** (0.0023*** 0.0024***  (.0017***
Bad Volatility
Market Index -0.0001 0.0001 0.0004 0.000% 0.0011 0.0021 0.0061* 0.0070%*=  0.0183***  D.03TH**=  0.0478%**
g  Consumer Services 0.0005 0.0002 0.0004 0.0002 0.0018 0.0030%=* 0.0041 0.0046%* 0.0004*%* 00206 *= 0.0252
2 Financials -0.0001 -0.0002 -0.0005 -0.0001 -0.0001 0.0017 0.0029 0.0083%*=  0.0107***  [.0233%*= 0.0327
'E Health Care 0.0001 0.0006 0.0008 0.0026%* 0.0035%* 0.0047** 0.0095 0.0132%**  0.0308***  0.0500%**  0.0800**
~ Industrials 0.0004* 0.0004* 0.0003 0.0005 0.0007 0.0019 0.0043 0.0048%*= 0.0079 0.0230%**  00280%*
£  Materials 0.0011 0.0014*%+*  0.0012%* 0.0010 0.0024** 0.0022 0.0074 0.0084* 0.0131%**  0.0335%%*  (.0235%**
E il and Gas 0.0042%* 0.0052* 0.0101***  0.0101***  0.0114***  0.0230**  0.0202***  0.0605**= 0.0600 58 0.1378%**
$ REIT -0.0002 0.0001 0.0003 0.0000 0.0002 0.0002 0.0012 0.0002 -0.0023** 008 0.0050%#*
B Technology -0.0017 -0.0005 0.0004 0.0041%* 0.0040%* 0.0037 0.0061 0.0180 0.0560 0.1461%%  0.2620%**
Telecom -0.0002 0.0010 0.0011 0.0008 0.0025* 0.0023 0.0049 0.0075* 0.0000 0.0293 0.044 7%+
Utilities 0.0001 0.0001 -0.0000 0.0010%**  0.0016%* 0.0015** 0.0013 0.0043* 0.0091* 0.0217%**  0.0180***

Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90, 0.95) during the sample period from 21 September 2012 to 17 January 2020. * **, *** represents significancy at the 10%,
5% and 1% levels, respectively.
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ies and infectious disease equity market

volatility index during the COVID-19 period before the Pfizer and Biontech vaccine

announcement.
Quantiles (0.05) (0,10} (0.20) {0.30) (040} (0.50) (0.60) (0.70) {0.80) (0.90) (0.95)
Total Volatilivy

Market 0.0035%=*  0.0040%**  0.0065%*  0.0122%=*  (Q0158%%=  (.0223%=%  0.0347F¥*F  0.0411%**  0.0506%F 0.0831%*= 0.1004%%*
g Consumer Services  0.0023*  0.0033%**  0.0068***  0.0108***  0.0142%**  0.0190***  0.0375**  0.0601***  0.0760*** 0.0045=+* 0.1430%%*
.2 Financials 0.0041%*  0.0064%** 00135  0.0178*=* (Q0238=*=  (0.0320%=* 0.0537+** (0.06G17**= 0.1317=*= 0.1554%%*
E  Health Care 0.0016 0.0033%%*  0.0055%*  0.0080%*  0.0112%%*  0.0181*** 00263+  0.0417%** 0.0646%+* 0.1005%**
—  Industrials 0.0027* 0.0046%**  0.0100%**  0.0126%**  0.0150%%  0.0264%**  0.0517#**  0.0376%** 0.0058=+= 0.1032%*
£ Materials 0.0052%*  0.0073***  0.0143*=*=*  0.0220%***  0.0301%**  0.0356*** 0.0403***  (00GRT*** ; 0.142 0.1713%**
é Ol and Gas 0.0138** 0.0348%++  (.0512%*%*  DOBGT*+* Q. 162R+**  (01016%+%  (0.23IRT*++  0.3146%%+ 0.4
Z  REIT 0.0039=* 0. (]D""*** 0.0123%=**  (.0148**= 0.0353%=* . 0.0572=*=  (L0713%=* 0. 111"1’“‘“‘
@ Technology 0.0078**  0.0101***  0.0146%+  0.0236+** 0.0450%% 0.1100%%*  D.1384*** 0.2530%+= 4381

Tl 0.0013 0.0061%**  0.0114%**  0.0163%=* 0.0417%=* 0.0602%*=  (.0060*=* 0.1443%%= 0 16 I{]*""‘

9] 0.0033**  0.0051%%*  0.0000%*  0.0137*** .01 rh"*" 0.0324%*+ 0 {1116*** 0.0755%**  0.0863*** 0.1007%+* 0.1837+**

Good Volatility

Market 0.0012 0.0014 0.0027%+*  (.0037+** 0.0066 0.0121%**  D.OTRT**+* 0.0209*** 0.0301%+= [
2 Consumer Services 0.0006 0.0014 0.0045%  0.0075%%*  0.0100%** 0.062
=2 Financials 0.0021**  0.0038*** 00(]11"*"‘ 0.0081%**  0.0126%**  (.017R*** ThH**F 0.0603%+*
"E Health Care n.ooiz 0.0017*= 0.0031%%  0.0041%** Q.07 0.0073+** [} 0338*** 0.0481*= 0. 07?1*""‘
=~ Industries 0.0013 0.0022%%*  0.0028%*  0.0050%**  0.0063***  0.0151***  (.0182%+* D 0230%**  0.0333*** 0.0537+**
& Materials 0.0014 0.0020+ 0.0056%%  0.0062%** 0.0104 0.0102%**  Q0264%F*  0.0370%**
2 Oiland Gas 0.008G*=*  0.0118***  0.0227***  0.0362 0.0480=*= 0,083 0.1555%** .
3 REIT 0.0011 0.0027#**  0.0030%+*  0.0052%**  0.0065%**  0.01 0.0320%+= 0.0584%+*
' Technology 0.0027 0.0030%=  0.0055%**  0.0067***  0.0000** 0.0162%* 0.0505%*=*  0.0693*=* 0.1183

Telecom 0.0004 0.0022* 0.0054 0.0001***  0.0094%%*  0.01F 0.0372%%*  D.0620%** 0.0600=+=

Utilities 0.0013* 0.0016 0.0040%**  D.0046%**  0.0086%%*  0.0135*%**  0.0IRF***  0.0362%**  0.0460+=* 0.080G=**

Bad Volatility

Market 0.0000%  D.00T4* 00027 0.0038%*=  0.0056%%  0.0075%*F O.0128%%  0.0199%*F  [0.0251%* {] [}H ==
& Consumer Services 0.0000* 0.00153%= 0.0023*+*  0.0041%**  D.0050%+%*  0.0072%**  DO148*+* 0.0345%*+
.2 Financials 0.0020%=*  0.0026%*  0.0030%*  0.0056%**  0.0073%F*  0.0121%**  0.0183%*  (.022 0.0209%=*
E  Health Care 0.0005 0.0012%%*  0.0021%*  0.0032 0.0046%%*  0.0071%%  0.0104%%*  0.0160%**  0.0215+% 0.0005%
= Industrials 0.0011%=*  0.0014%**  0.0021%**  0.00. 0.0048%*=  .00GE***  (.0120%F%  0.0140%%=  (.0215%=* 0.0723*%**
£ Materials 0.0014* 0.0042%*  0.00 0.007 l‘*" 0.0115%**  0.0196%+*  0.0242%*= (. [}3"0"“‘* 0.1104
3 Oil and Gas 0.0070F=* 0.0203=**  0.0260%** 0.0403*=*  Q0602***  0.0015%*= ; 0.3016%+*
3 REIT 0.0014%* 0,002 ‘1 =E O 0.0033%*  (.0045%** 0.0124%=*  0.0160%*  (.0244=*= 0.0057**
@ Technology 0.0027* 0.0041%**  0.0064*+*  0.0081***  0.01 ‘h“*" 0.0186+**  0.0312%*  D.0d61%+= 0. [)(nTa - 036424+

Telecom 0.0014 0.0021*=  0.0058%**  D.0080*=*  Q.0118%*=  0.0173***  0.0210%* 00360+  0.0468%=* 0.1194 %%

Utilities 0.0015%=%  0.0023%**  0.0034%*  0.0040%**  0.0064%%*  0.0100%**  0.0210%**  0.0276%**  (.03BR**=+ 00854+

Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90, 0.95) during the sample period from 20 January 2020 to 6 November December 2020 to see the relation during COVID-19
period before the Pfizer and Biontech vaccine announcement. * ** *** represents significancy at the 10%, 5% and 1% levels,

respectively.

Table 13: The Relation between industry voldtilities and infectious disease equity market
volatility index during the COVID-19 period after the Pfizer and Biontech vaccine

announcement.
Quantiles (0.05) (0.10) (0.20) (0.30) (0.40) (0.5 (0.60) (0.70) (0.80) (0.90) (0.05)
Total Volatility
Market 0.0002 0.0005* 0.001T** 0.0020%*  D.0030**=  0.0033%=* 0.0038 0.0045%%=  0.0062%=* 0.0084%*= 0.0124*
g Consumer Services 0.00035 0.0009 0.0020%+*  0.0024***  0.0030%**  0.0030%**  0.0033++* 0.0051%** 0.0074%** 0.0074**
.2 Financials 0.0006 0.0013* 0.0018* 0.0028%=*=  0.0031%*  0.0044%*=*  (.0O048*+* 0.0087** 0.0114* 0.0177
E  Health Care 0.0001 0.0008***  0.0009%* 0.0000** 0.0012* 0.0015%* 0.0013* 0.0018 0.0042%=* 0.0054%** 0.0061+*
~  Industrials 0.00035 0.0007 0.0017** 00023+ 0.0026%+  0.0042%**  0.0054%*  0.0073%+  0.0007+* 0.0128%** 0.0165%=*
£ Materials 0.0013 0.0019* 0.0023** 0.0020%%  0.0035%*  0.0060%=*  0.0053++* 0.0056 0.0149%=* 0.0155 0.0127%**
2 Olland Gas 0.0049%* 0.0044* 0.0054 0.0150%%% 00132 D.0256+*  0.0202%  0.0380%* (L0467 0 Df‘rﬁ""*” 0.1015%**
3 REIT 0.0002 0.0005 0.0011* 0.00175**  0.0020%*%*  D.0019+**  0.0024% 0.0032%* 0.0 0.0079%* 0.0082%**
@ Technology 0.0025***  0.0027***  0.0033%* 0.0054* 0.0073%*  0.0001%=*  (L.0094** 0.0136%*  0.0252 00358+ 0.0300%**
Telecom 0.0010* 0.0006 0.0007 0.0019 0.0024** 0.0026% 0.0026%* 0.0030*+ 0.0043%* 0.0007 0.0151%*
Utilities 0.0006 0.0004 0.00185**  0.0027+**  0.0030%**  0.0034***  0.0042++*  0.0043***  (LODBD*** 0.0000%** 0.0179***
Good Volatility
Market -0.0001 0.0001 0.0005%* 0.0004% 0.0004 0.0007 0.0015 0.0026 0.0047%%% 0.0062%+* 0.0087+=*
L Consumer Services -0.0001 0.0001 0.0002 0.0004 0.0008% 0.0010%** 0.0013 0.0022%**  D.0023*** 0.0043%** 0.0030%**
2 Financials 0.0002 0.0003 0.0004 0.0010 000175 D.0020%*  (.0021*F** 0.0030 0.0055 0.0127%** 0.0206%*
"'E Health Care -0.0001 0.0002 0.0006+* 0.0005**  0.0006%* 0.0007* 0.0012 0.0022%=* 0.0038 0.0054%=*
~  Industrials 0.0001 0.0002 000065 0.0006%*  0.0007** 0.0007 0.0017+** 0.0044* 0.0100%** 0.0099
2 Materials 0.0006 0.0006 0.0011%* 0.0012%* 0.0013* 0.0026%*  0.0042%+* 0.0101%** 0.0171%+*
§ Oil and Gas 0.0010 0.0012 0.0026* 0.0032 0.0098*+*  D.0123*%=*  (.0133%** 0.0260%%* 0.0548%**
3 REIT 0.0000 0.0002 0.0003 0.0005* 0.0008%* 0.0007* 0.0014 L0028 0.0034%=* 0.0071%+* 0.0065%=*
b Technology 0.0002 0.0001 0.0004 0.0014 0.0009 0.0018 0.0050%* 0.0064%**  D.00D3*** 0.0182%** 0.0164%**
Telecom 0.0005 0.0006%**  0.0005*% 0.0007* 0.0013%* 0.0017%* 0.0021* 0.0030%*  0.0041+=* 0.0077%** 0.0058%*
Utilities -0.0000 -0.0000 0.0003 0.0007** 0.0007** 0.0009* 0.0016% 0.0027%**  D.0045+** 0.0040%** 0.0158**
Bad Volatility
Market 0.0002 0.0005% 0.0002 0.0006% 0.0008F*=  [).0000F=* 0.0018%= 0.0030%F 0.0046%* 0.0067=** 0.0057*
z Consumer Services 0.0002 0.0005*= 0.0005%* 0.0000%%  QO0011%*=  0.0012%=*  0.0018%** 000215  0.0030%=* 0.0027** 0.0060%=*
.2 Financials 0.0000 0.0000 0.0001 0.0005 0.0005 0.0006 0.0020%*  0.0028%**  0.0045%=* L0009+ 0.0104%*
"E Health Care 0.0002* 0.0002 0.0003 0.0005*% 0.0006%* 0.0006%* 0.0010 0.0021%**  0.0027*=* 0.0034%*= 0.0068*
= Industrials 0.0002 0.0003* 0.0005%**  0.0006%=*  0.0006%+* 0.0011* 0.0023%**  D003G***  (L.0055%=* 0.0055%** 0.0075%**
£ Materials 0.0002 0.0005*% 0.0007* 0.0010%**  0.0013%*= 0.0022%*  0.0030%*F  0.0051%** (.00B1*=* 0.0DGR** 0.0201
2 Oiland Gas 0.0002 0.0002 0.0021 0.0037% 0.0058%** 0.0114%**  D0162***  (L02RE*F=* 0.0538%** 0.0388%*
7  REIT 0.0001 0.0002 0.0005%**  0.0006%=*  D.0009*** 0.0017***  0.0023***  (L.0021*** 0.0037* 0.0053*
w Technology 0.0002 0.0009% 0.0012%* 0.0020%=  0.0023%*= [} 0c 0.0038 0.0075* 0.0178*=* 0.0185%*= 0.0102
! 0.0005%*  0.0006%+*  0.0005%* 0.0007** 0.0011* 0.0020%**  0.0023%**  0.0043%*=  (.0038%* 0.0054%* 0.0041
0.0002 0.0005*= 0.0005 0.0011%%*  0.0012%*=  0.0013*=*  0.0021%*%* 0.0028***  (.0037*=* 0.0034%*= 0.0040%=*
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Note: This table reports the estimates by regressing industrial total, good and bad volatility on infectious disease equity market
volatility index (EMV-ID) using a quantile regression model at different quantiles (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,
0.90, 0.95) during the sample period from 9 November December 2020 to 31 December 2021 to see the relation during COVID-
19 period after the Pfizer and Biontech vaccine announcement. * **, *** represents significancy at the 10%, 5% and 1% levels,
respectively.

6. Conclusion

The current study delves deeper into understanding the asymmetric impact of infectious diseases on
industrial sectors in the US. Employing the Infectious Disease Equity Market Volatility Index (EMV- ID)
constructed by Baker et al. (2020), we investigate the effect of equity market volatility due to
infectious disease on industrial volatility from 2012 to 2021. We use ten industrial sector indices (i.e.,
consumer services, financials, health care, industrials, materials, oil and gas, real estate, tfechnology,
telecommunication, and ufilities) and decompose industry volatility info good and bad components
to examine how these components vary in response to equity market volatility index at different
quantiles in sub-periods before COVID-19, during COVID-19 before and after the Pfizer and Biontech
vaccine announcement.,

The results show that the fransmission of volatile shocks from the stock market strongly enhances the
bad components of industrial volatility before the outbreak of COVID-19 and both components of
industrial volatility during COVID-19 before the vaccine announcement. The positive transmission of
volatile shocks from the EMV-ID towards industrial volatility enhances as industrial volatility transits
from bearish to bullish conditions, irespective of the period considered. We conclude that the
relationship between infectious disease equity market volatility and industrial volatility depends on
the good and bad volatile components and their respective conditions at different quantiles during
different time frames.

Our findings have several important implications for investors, risk managers and regulators. Firstly,
our paper suggests that the EMV-ID uncertainty shocks on good and bad volatility depend on the
sector and the distribution. Investors and risk managers should consider the infectious economic
uncertainty index as a risk factor and incorporate the EMV-ID index intfo a forecasting setting of the
realized volatility of industries, especially in forecasting the realized volatility of the oil and gas
industry. EMV-ID index should also guide investors in constructing a market timing strategy. Regulators
can implement prudent policies to reduce economic uncertainty and prevent the voldatility spillover
between sectors, thereby maintaining the stability of all financial systems and the economy. As a
future work, we believe the same analysis should be applied to stock markets of other regions o
reveal the effect of uncertainty on the stock market volatility.
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