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ARTICLE INFO ABSTRACT

JEL classification: Various studies have been conducted to examine the effect of COVID-19 on stock prices. However,
G15 these studies failed to examine the effect across quantile distributions of both dependent and
Keywords: independent variables. This study pays particular attention to the emerging 7 countries and ex-
Quantile-on-quantile regression amines the effect of the novel coronavirus 2019 (COVID-19) pandemic on stock prices. We use
COVID-19

quantile unit root and quantile cointegration tests to examine the integrating properties of
COVID-19 cases and deaths with stock prices and use quantile-on-quantile regression (QQR) to
examine the relationship across quantile distributions of both dependent and independent vari-
ables. Quantile cointegration estimates indicate that stock prices are integrated with COVID-19
cases whereas QQR estimates indicate a weak positive relationship at the upper quantiles of
stock prices, and a strong negative effect is found at the lower quantiles of stock prices. Policy
implications are recommended based on the findings of this study.

Quantile cointegration
E7 stock markets

1. Introduction

A new type of coronavirus disease, discovered in Wuhan city of China, was officially named COVID-19 on December 31, 2019.
Within three months, this disease spread to many parts of the world through international travel. Since then, it has affected various
social, political, medical, and economic activities at the global level. Goodell (2020), also highlighted that COVID-19 will likely affect
financial markets, institutions, and financial systems. Therefore, different governments have reacted in different ways by announcing
various economic relief packages to mitigate the adverse effects of the COVID-19 pandemic.’

It is expected that the financial impact of COVID-19 in financial markets would be more severe than other global pandemic viruses
such as Severe Acute Respiratory Syndrome (SARS) and Middle Eastern Respiratory Syndrome (MERS). Within 4 months, it has
imposed a more significant negative impact on the global economy than MERS and SARS. A recent report by the Organization of
Economic Cooperation and Development (OECD) (2020) also demonstrated that COVID-19 has had a more severe effect on the
agricultural, manufacturing, and service sectors, which ultimately caused a decline in gross domestic product around the world.

The rapid spread of the COVID-19 virus affected every economic sector, including stock markets. There have been large fluctuations
in the stock markets of both developed and emerging countries. However, due to the strong foundations of the stock markets in
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developed countries, COVID-19’s effect on stock market performance may be temporary and those markets may pick up during the
economic recovery. However, emerging countries may be affected for a longer period by the pandemic. The United Nations supported
this view that the negative effect of the COVID-19 pandemic may be more severe in less developed countries than in more developed
countries (Bruckner and Mollerus, 2020). Prior research supports the view that, as compared to those in developed countries, return
and risk profiles are higher in developing countries (Harvey, 1995). This study, therefore, analyzes the asymmetric impact of the
COVID-19 pandemic on stock prices of emerging 7 (E7) countries, namely, China, Mexico, Turkey, Indonesia, India, Russia, and Brazil.
We select the E7 countries since they represent a major part of the emerging economies. These countries stock markets are more
vulnerable to unfavorable consequences (Hashmi and Chang, 2021; Hashmi et al., 2021; Chang et al., 2019a, b).

Few studies have examined the effect of COVID-19 on financial stock markets. Ramelli and Wagner (2020) indicated that as the
spread of the pandemic increases, it negatively affects the stock markets, whereas Gormsen and Koijen (2020) concluded that this
pandemic did not affect the stock markets of Iran, South Korea, and Italy until February 20, 2020. However, these stock markets started
declining after February 20, 2020. Likewise, the United States (US) stock market started declining after March 18, 2020. Liu et al.
(2020) also supported the negative influence of this pandemic on stock markets. He, Sun et al. (2020) found that COVID-19’s effect on
stock prices depends upon the severity of the crisis. Alfaro et al. (2020) concluded an adverse effect of COVID-19 on stock market
prices. Heyden and Heyden (2020) determined that the information about the first death and first pandemic case affected stock
markets differently wherein the stock market is negatively affected by the announcement of the first death. However, the limitation of
these studies is that they did not consider emerging markets. As discussed above, the emerging markets are more likely to be affected
than developed markets since there are higher returns and risks in developing countries.

Keeping with the above limitations, this study contributes to the existing literature in two ways. First, this is the first study that pays
special attention to the E7 countries. Second, this study uses advanced techniques, such as quantile cointegration, quantile unit root
testing, and quantile-on-quantile regression (QQR) approaches. These advanced techniques enable an examination of the relationship
across the distribution of the series as well as on conditional means and thus exhibit a comprehensive relationship between the COVID-
19 pandemic and E7 stock prices Bhutto and Chang (2019); Chang and Rajput (2018); Chang et al. (2018) and Anjum et al. (2017).

The remainder of this paper is organized as follows. Section 2 discusses the empirical literature; Section 3 mentions the data sources
and measurement and discusses the quantile cointegration test, quantile unit test, and QQR approach. Section 4 discusses the findings,
and Section 5 provides the conclusion of the study as well as policy implications.

2. Literature review

This section is discusses the empirical literature that exists examining the relationship between the COVID-19 pandemic and stock
market performance. He et al. (2020) examined the spillover and direct impact of COVID-19 on the stock markets of the US, Japan,
Germany, Spain, France, South Korea, Italy, and the People’s Republic of China using t-tests as well as non-parametric Mann-Whitney
tests. Their estimates indicate that stock markets negatively respond to the COVID-19 pandemic in the short run. They also established
a feedback spillover effect between American and European, and Asian countries. Liu et al. (2020) analyzed the short-run effect of
COVID-19 on the stock markets of the 21 countries. Using an event study method, their findings concluded that stock markets
adversely responded to the COVID-19 pandemic. Yan et al. (2020) analyzed the impact of COVID-19 on the stock market and suggested
how an individual investor can profit from the market during the pandemic. They examined the effect of past outbreaks and pandemics
and concluded that those events negatively affected the stock markets in the short run, but in the long run, the markets adjusted and, as
a result, stock prices increased in the long run. Therefore, they recommended that to profit from such events, investors should initially
sell the shares of those industries that are quickly affected by the virus, whereas those shares may be bought back when prices in those
industries have significantly decreased. Baker et al. (2020) examined the effect of COVID-19 on US stock markets using text-based
methods and concluded that although previous pandemics like the Spanish flu had a moderate effect on the US market, COVID-19
adversely affected the US stock market. Adenomon et al. (2020) analyzed the effect of COVID-19 on the stock market performance
of Nigeria. Using the GARCH model, their study concluded that the Nigerian stock market negatively responded to the COVID-19
pandemic.

Yilmazkuday (2020) also analyzed the effect of COVID-19 on the S&P 500 index. For this purpose, he used a structural VAR (SVAR)
model and found that a daily 1 % cumulative rise in COVID-19 cases caused a 0.01 % cumulative decrease in the S&P 500 index stock
market prices after one day, whereas it caused a 0.03 % a cumulative decrease after one month. Ahundjanov et al. (2020) also
examined the impact of Google search queries related to COVID-19 on the stock market performance of developing and developed
countries. Their findings, using a structural VAR (SVAR) model based on Bayesian inference, concluded that concluded Google search
queries negatively affected the financial indices. More specifically, their estimates indicate that a 1 unit increase in Google search
queries related to COVID-19 caused a cumulative decrease in global financial indices from around 0.38 % to 0.069 % after one day,
whereas it caused a cumulative decrease in global financial indices from around 0.054 % to 0.150 % in one week. Papadamou et al.
(2020) analyzed the relationship between the COVID-19 pandemic and stock market volatility in various countries in Asia, Europe,
Australia, and the US. Their findings, based on a panel VAR model, concluded a positive relationship between Google trend metrics for
stock market volatility and the COVID-19 pandemic.

Goodell and Goutte (2021a, 2021b) examined whether assets become more correlated during crisis periods. Using advanced
econometric techniques like wavelet coherence and neural network analyses, they examined the role of COVID-19 on the comove-
ments of four cryptocurrencies with seven equity indices. Their findings indicated that, as the COVID-19 progressed, the comovement
between cryptocurrencies and equity indices increased, however, this correlation was moderate positive or negligible for most of the
cases, which suggests that cryptocurrencies can not be used as diversification during economic downturns. An exception was found in
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the movement of tether. It negatively moves with equity indices which therefore suggests that tether can be used as a safe haven during
economic downturns. Using wavelet methods, Goodell and Goutte (2021a, 2021b) examined the relationship between COVID-19
world deaths and Bitcoin prices and found that in post-April 5, 2020 period, COVID-19 caused an increase in Bitcoin prices.

Although there is a growing amount of literature that focuses on the effect of COVID-19 on stock market prices, the empirical
literature related to E7 countries is limited. This study contributes to the existing literature by focusing on the effects of COVID-19 on
the stock market performance of the E7 countries, namely, Indonesia, Mexico, India, China, Brazil, Russia, and Turkey. We employ
novel techniques, namely, quantile cointegration test, quantile unit root test, and QQR approach. As per the authors’ knowledge, these
techniques have not been used in the extant literature to examine the effect across various quantiles of the distribution as well as on the
conditional mean. Specifically, the quantile-on-quantile approach helps analyze the effect on various quantiles of the total number of
COVID-19 cases on stock market prices. For robustness purposes, we also examine the effect of the total number of deaths on stock
market prices at various quantiles of both independent and dependent variables.

3. Data and methodology
3.1. Data analysis

To examine the relationship between COVID-19 cases and E7 stock prices, we use daily data from January 20, 2020, to June 19,
2020. Starting and end periods were selected based on the availability of data at the time of this study. The adjusted closing prices for
each country were obtained from Bloomberg, whereas COVID-19 confirmed cases and death data for each country was obtained from
the World Health Organization website. COVID-19 case data were deleted for the days with missing stock price data. We use the log of
both COVID-19 and stock price data, except the data used in descriptive statistics (Table 1).

The mean returns, presented in Table 1 (Panel A), are negative for stock prices of all E7 countries, which indicates that these stock
markets have, on average, performed below average during the COVID-19 period. The mean returns are highest for China, whereas its
standard deviation is lowest, indicating that the Chinese stock market was the least affected compared to other emerging countries.
Indonesian stock prices have the lowest means of returns (-0.212), followed by Turkish stock prices (-0.200). The Jarque-Bera values
are statistically significant for all countries, except Mexico, which indicates that the returns of these countries are not normally
distributed. The mean number of cases (Table 1, Panel B) is the lowest for China, indicating that China successfully dealt with the
COVID-19 pandemic, whereas other countries were highly affected by this crisis (Chang et al., 2020a).

3.2. Quantile unit root test

Galvao (2009) extended the quantile unit root test initially proposed by Koenker and Xiao (2004). This test statistic checks the data
stationarity across different quantiles as well as the conditional mean of the variable. However, the test statistics proposed by Koenker
and Xiao (2004) do not incorporate covariate and time trends in the quantile autoregressive (QAR) model (Chang et al., 2020b; 2020c;
2020d; Chang, 2020). Galvao (2009) extended Koenker and Xiao (2004) by considering these issues. To check the stationarity of the
variables across various quantiles and the conditional mean of the series, we use the quantile autoregressive (QAR) unit root test
proposed by Galvao (2009). The following quantile regression model is used to check the unit root properties of the variables.>

-1
X X

0c (XM, ) = 1,(m) + pa(@)i + Bm)Xi — 1+ p(m)AX, +F, (x) &b
k=1

where QX (MX) represents the rth quantile of Fy(.|F, lM{‘), y1(m) represents the drift term, $(z) indicates persistent parameter, i shows
linear trend, F,! shows the error for different quantiles of the conditional distribution.

3.3. Quantile cointegration approach

Recent studies related to finance and economics indicate that cointegration among the variables varies across different quantiles
(Syed et al., 2019). Therefore, this study focuses on the novel quantile cointegration test proposed by Xiao (2009). This test analyzes
the effect on the shape, scale, and location of the conditional distribution of the feedback variable. Xiao (2009) further extended the
cointegration model used by previous studies (Saikkonen, 1991) by dividing the cointegrating equation errors into lead-lag terms. This
extended model is an innovation of previous traditional models since it accounts for the endogeneity issues characteristic of previous
cointegration techniques. Xiao (2009) defined quantile cointegration in such a way that the coefficients of quantile cointegration vary
across different quantile levels.

In this model, a(x) indicates the vector of constants. The model is represented as follows:

Xi= f+ a¥i+ 2 AY I+ v @

k=—s

2 For further details about quantile unit root test please refer Chang et al. (2020).
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Table 1
Descriptive statistics of stock prices and COVID-19 cases.

Country Mean Maximum Minimum Standard dev. Jarque-Bera p-value

Panel A: Stock prices

Brazil —0.123 13.908 —14.779 4.137 6.432 0.048
Russia —0.136 7.71 —8.282 2.275 9.211 0.010
India —0.150 8.975 —13.525 2.945 8.679 0.013
China —0.0420 3.14 —7.725 1.668 7.562 0.021
Turkey —0.200 6.938 —10.568 2.679 7.619 0.021
Mexico —0.172 4.269 —6.423 2.054 3.492 0.172
Indonesia —0.212 10.191 —6.579 2.278 8.652 0.013

Panel B: COVID-19 cases

Brazil 25189016 69074 34.00 16900.06 11.671 0.003
Russia 9685.653 29039 4.000 7341.759 60.282 0.000
India 36073.03 97894 3.000 29715.32 19.849 0.000
China 40.24088 352.00 0.000 47.771 1417.175 0.000
Turkey 3633.099 33198 0.000 7162.06 1839.062 0.000
Mexico 4561.442 22089 0.000 3174.108 399.934 0.000
Indonesia 2254.467 8369.0 0.000 1792.099 19.677 0.000

Note: This table presents descriptive statistics for stock returns and COVID-19 cases data. Panel A presents the descriptive statistics for stock returns of
emerging 7 countries whereas Panel B presents the descriptive statistics related to COVID-19 cases. Jarque—Bera test is used to test the null hypothesis
that the data is normally distributed. P-values below 0.05 indicate the rejection of the null hypothesis.

Of(XM¥, M) = B(z) +a(n) Y + Z AY,;ka + F,'(n) 3)

k=—s

Q¥ (M) is defined as in Eq. (1), and () is the drift term, a(r) indicates persistent parameters, and F,! shows the errors for different
quantiles of the conditional distribution.
Next, the model based on the quadratic term is shown as follows:

X (XM¥, M) = B(z) + a(n) Y + 8(z) Y2 + Z NI Z AV L+ F ) 4
k=—s k=—s

The terms in Eq. (4) are defined as above. To measure the stability of cointegrating coefficients, Xiao (2009) proposed a test as given
in Eq. (4). The null hypothesis in this test is that Hy : a(z) = a, where 7 represents all quantiles. Further, the supremum norm function

is derived as test statistics by Xiao for the change of absolute values f/;(rz) = (a(n) — @). Therefore, this study uses sv.qa,,ﬁ/\,l(n)| test
statistic for all quantities, as well as 1,000 Monte Carlo simulations to obtain the critical values of sup,,l\//;(n)\ test statistics.

3.4. Quantile-on-quantile regression

Next, to examine the comprehensive relationship between COVID-19 cases and E7 stock indices, we use the QQR approach pro-
posed by Sim and Zhou (2015). This model is an extended version of standard quantile regression, which is established by combining
the non-parametric estimation and the standard quantile regression technique. The standard quantile regression examines the impact
of the independent variables across various quantiles as well as the conditional mean of the explained variable. Therefore, the quantile
regression technique gives better results than the ordinary least squares method. Stone (1977) and Cleveland (1979) proposed
traditional linear regression, which examines the effect of specific quantiles of the independent variable on the conditional mean of the
dependent variable. Therefore, combining traditional linear regression and standard quantile regression enable us to analyze the effect
on various quantiles of both the independent and dependent variables. Therefore, it provides deeper insight into the relationship
between the independent and dependent variables.

In this study, we use the extended version called the QQR technique proposed by Sim and Zhou (2015) to analyze the effect of
various quantiles of COVID-19 cases on different quantiles of E7 stock indices. For this purpose, we use the following non-parametric
quantile regression model.

SP, = y°(Covid,) + uf 5)

where SP; indicates the stock prices for each of the E7 stock markets in time t, Covid, represents the number of COVID-19 cases in time t,
and ¢ denotes o quantile distribution of the number of COVID-19 cases. Next, the quantile error term is represented by uf where ot
becomes zero. a“(.) is not known because the information is not available on the relationship between COVID-19 cases and E7 stock
indices. The choice of bandwidth is very important to identify when the non-parametric technique is applied. When the bandwidth h is
large, it may increase the deviation of estimation but would decrease the variance and vice versa. In this study, the bandwidth

parameter h = 0.05 is selected following the previous research such as Sim and Zhou (2015).
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4. Results discussion and analysis

This section discusses the results related to the impact of COVID-19 cases on the stock indices of the E7 countries. We use the
quantile cointegration test and quantile unit root test to analyze the integrating properties across the quantile distribution of the
dependent variable. In addition, this study uses quantile regression to analyze the effect on quantiles of stock prices as well as COVID-
19 cases. The following subsections provide the findings related to these test statistics.

4.1. Quantile unit root and quantile cointegration test

First, we check the stationarity of the variables using the quantile autoregressive (QAR) unit root test proposed by Xia (2009).
Table 2 presents the results of the quantile unit root test in which persistent values are represented by (), t statistics are represented
by t-stats, and the critical values are represented by the critical values (CV) against each quantile. The null hypothesis against each
quantile is that Hyp : f(z) = 1 where the null hypothesis indicates the non-stationary behavior of the variables. The bold values in
Table 2 indicate the rejection of null hypothesis at a 5% significance level. In this study, the null hypothesis for stock prices in Turkey is
rejected at lower quantiles, which suggests that Turkish stock prices are stationary at lower quantiles, whereas Turkish stock prices are
non-stationary at the upper and median quantiles. The rest of the variables for stock prices as well as COVID-19 cases are non-
stationary for all quantiles.

Next, this study uses the quantile cointegration test (Xiao, 2009) to examine the cointegration between COVID-19 cases and stock
prices in the E7 countries. Table 3 presents these quantile cointegration test results in which f and y coefficients are the supremum
norm values. Moreover, this table presents critical values at the 1 % (CV1), 5 % (CV5), and 10 % (CV10) significance levels. The results
indicate that the coefficient values for y and p are greater than the CV at the 1% significance level. These results, therefore, indicate that
cointegration exists between COVID-19 cases and stock prices for all E7 countries.

Table 2
Results of the quantile unit root test.
Brazil Russia India China
Quantile
o(t) t-stats CvV o(t) t-stats CvV alt) t-stats CvV alt) t-stats (9%
Panel A: Unit root test for stock prices
0.05 1.121 0.546 -1.321 0.995 -1.54 —2.231 0.875 -1.325 —1.987 0.897 —1.642 -1.814
0.25 0.897 —1.542 —1.895 0.958 —1.512 —2.231 0.897 —0.725 —1.654 0.985 -1.214 —1.895
0.50 0.895 —2.542 —2.897 0.895 —1.941 —2.785 1.110 0.325 —2.391 0.985 —1.578 —2.452
- 0.954 -1.231 -3.214 0.854 -1.321 -3.124 1.121 0.421 —2.514 0.875 -0.912 —2.895
0.95 0.998 —2.124 —3.124 1.124 —1.389 -3.231 0.987 —0.523 —2.452 0.897 —0.692 -3.325
Turkey Mexico Indonesia
Quantile
a(t) t-stats Ccv at) t-stats Ccv a(t) t-stats cv
Panel A: Unit root test for stock prices
0.05 0.875 —2.425 —1.312 0.895 —-0.810 -1.695 0.524 -1.754 —1.422
0.25 0.985 —2.598 —2.412 0.895 -1.312 —1.951 0.952 -2.231 —2.515
0.50 0.895 -0.791 —2.321 1.121 0.299 —2.125 0.895 —0.852 —2.527
0.75 0.985 -1.810 —2.543 1.124 1.211 —2.652 1.121 -0.124 —2.844
0.95 0.897 —-0.521 —2.845 1.124 1.823 —2.921 1.125 1.124 —2.989
Brazil Russia India China
Quantile
a(t) t-stats Ccv a(t) t-stats Ccv a(t) t-stats Ccv a(t) t-stats cv
Panel B: Unit root test for COVID-19 cases
0.05 1.111 0.556 —1.521 0.965 —1.64 —2.531 0.955 —1.465 —-1.977 —-1.95 0.544 —-1.774
0.25 0.877 —1.572 -1.695 0.978 -1.712 —2.631 0.697 —0.765 —1.684 -1.97 0.972 —2.531
0.50 0.855 —2.342 —2.697 0.795 —1.841 —2.685 1.410 0.425 —2.491 -2.25 0.865 —0.872
0.75 0.954 —1.431 —3.514 0.554 —1.521 —3.224 1.321 0.451 —2.554 —2.56 1.126 —-0.126
0.95 0.968 —2.324 -3.324 1.324 —1.489 —3.431 0.977 —0.623 —2.652 -2.95 1.425 1.324
Turkey Mexico Indonesia
Quantile
a(t) t-stats cv a(t) t-stats cv a(t) t-stats cv
Panel B: Unit root test for COVID-19 cases
0.05 0.857 —1.662 -1.714 0.795 —0.820 —1.795 0.624 —1.764 —1.622
0.25 0.975 -1.314 -1.795 0.695 -1.512 -1.751 0.852 —2.531 -2.715
0.50 0.875 —0.491 —2.421 1.321 0.399 —2.155 0.795 —0.862 —2.557
0.75 0.985 —-1.810 —2.543 1.124 1.211 —2.652 1.121 -0.124 —2.844
0.95 0.897 —0.521 —2.845 1.124 1.823 —2.921 1.125 1.124 —2.989

Note: This table indicates critical values (CV), t statistics, (t-stats), and the persistence estimates a(t), of the quantile unit root test by Galvao (2009)
and Koenker and Xiao (2004). Bold values indicate that the null hypothesis is rejected Hp : a(t) = 1 at the 5 % significance level.
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Table 3

Results of quantile cointegration test.

Model Coeff. Sup; | V(D) | CV10 CV5 CvV1l
Brazil

covID, s . ’ 2301980 1255329 2035357 257
Russia

covID, . P ’ a2 44 331471 183278 934,221
India

covID,v. 5P b 743 23465 293567 321392
China

covIDc . P ’ g 02227 342553 4.4
Mexico

’ 1835.652 393 560 1039.654 1546925
Indonesia

covID, 5., ’ 24544 200545 3455 534410
Turkey

covID, . P ’ 1598.932 361157 1066.499 137232

Note: In this table, we mention the estimates of the quantile cointegration test for COVID-19 cases and E7 stock prices. We use the quantile coin-
tegration model in Eq. (3) to check the stability of the coefficients y and p. CV10, CV5, and CV1 denote critical values at the 10 %, 5 %, and 1 %
significance levels where these critical values are generated using 1,000 Monte Carlo simulations. This study uses 19 quantiles [0.05-0.95] of the
equally spaced grid for generating the test statistics of the quantile cointegration model between COVID-19 cases and E7 stock prices.

4.2. Results based on quantile-on-quantile regression approach

This section provides the results based on the QQR approach. We use this approach to examine the relationship between COVID-19
cases and E7 stock indices. Fig. 1 presents the slope coefficients f; (8, t), which indicate the effect of the zth quantile of the number of
COVID-19 cases on the 6th quantile of E7 stock indices. The results indicate that the effect of each quantile of COVID-19 cases on stock
indices varies across various quintiles of stock prices.

Fig. 1 indicates that Turkey’s COVID-19 cases positively affect stock prices at upper quantiles of stock prices (0.65-0.95). This
positive effect continues across all quantiles of COVID-19 cases. This effect becomes negligible during average quantiles of stock prices
(0.4-0.65) and becomes negative at lower quantiles (0.05-0.4) of stock prices. It can further be observed that the positive effect
observed at the upper quantiles of stock prices is weak since the maximum positive coefficient is one, whereas the negative coefficient
observed at lower quantiles of stock prices reaches around four. These results indicate that COVID-19 cases have a weak positive
correlation with Turkish stock prices at upper quantiles of stock prices; however, this effect becomes strongly negative at lower
quantiles of the stock prices.

For China, we also find a weak positive relationship between COVID-19 cases and stock prices at upper quantiles (0.65-0.95) of
stock prices. This weak positive relationship is consistent across all quantiles of COVID-19 cases. However, this effect becomes negative
when we move to the lower quantiles (0.05-0.4) of the stock prices. This negative effect during lower quantiles of stock prices is much
stronger during lower and middle quantiles (0.05-0.75) of COVID-19 cases. Conversely, this negative effect becomes weaker when we
move to the upper quantiles (0.75-0.95) of the number of cases. The findings for Russia, Mexico, and Indonesia are consistent with the
findings for Turkey and China. These results suggest that the number of COVID-19 cases has a strong negative effect on the stock prices
of emerging markets like Turkey, China, Russia, Mexico, and Indonesia, especially when these stock markets are in a bearish state.

In Brazil, a positive relationship is found between the upper quantiles of stock prices (0.9-0.95) and lower quantiles (0.05-0.2) of
the number of cases where this positive coefficient is around two. The positive effect of the number of cases is weak across all quantiles
of COVID-19 cases when stock prices are in the average (0.35-0.65) quantiles. This indicates that an increase in COVID-19 cases
increases stock prices during bullish states of the stock market, whereas these cases do not affect stock prices when the Brazilian stock
market is in a normal state. Finally, a strong negative effect is observed during lower quantiles of both stock prices and the number of
cases. This suggests that the number of cases reduces stock prices when the stock market is in a bearish state. The findings for India are
consistent with the findings for Brazil. Like other stock markets, the Brazilian and Indian stock markets are negatively affected by
COVID-19 cases when these markets are in a bearish state.

Fig. 2 presents the results using the number of deaths instead of the total number of cases. We present these results to check whether
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Fig. 1. This figure presents the results of quantile-on-quantile regression for COVID-19 cases and stock price data for the emerging 7 countries.
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Fig. 1. (continued).

our findings for the total number of deaths are consistent with the findings for the total number of cases. Our estimates (see Fig. 2)
conclude that the findings obtained using the total number of deaths are consistent with the findings for the total number of cases.

The overall results conclude that total number of cases and deaths positively affect stock prices during upper quantiles of the stock
markets; however, this positive effect is weak. Moreover, an almost negligible effect is found during the middle quantiles of stock
prices. Finally, a strong negative effect is found during lower quantiles of the stock markets. These results, therefore, suggest that E7
stock markets are more susceptible to COVID-19 cases, especially when these markets are in a bearish state. This may be because the
bearish state of the stock market creates more panic for investors and other stakeholders. During this panic state, investors may
withdraw their investments fearing that their investment will suffer further losses if they hold it for a longer period. However, when the
stock market is in a normal or bullish state, the increase or decrease in COVID-19 cases does not significantly affect stock market
returns since investors do not bother much during normal and booming states of stock markets.

5. Conclusion and policy implications

In Wuhan City in China, a new type of virus was discovered and given the official name COVID-19 on December 31, 2019. It rapidly
spread to many other parts of the world through international travel and affected various activities such as medical, political, social,
and economic indicators including stock markets. It is, therefore, important to gain a deeper understanding of the relationship between
COVID-19 cases and emerging stock markets.

This study examined the effect of COVID-19 cases on the stock prices of E7 (i.e., Brazil, Russia, India, China, Mexico, Indonesia, and
Turkey) stock indices across various quantiles of both stock prices and the number of COVID-19 cases. For this purpose, we used a
quantile unit root test and quantile cointegration test to examine the integrating properties of COVID-19 cases and E7 stock prices.
Further, we used the QQR approach proposed by Sim and Zhou (2015), as this technique helps to determine the effect of COVID-19
cases on E7 stock indices across various quantiles of both the independent and dependent variables.

Quantile unit root test estimates indicate that stock prices for Turkey are stationary at lower quantiles but are not stationary at
middle and upper quantiles. On the contrary, the stock prices for the rest of the countries as well as the number of COVID-19 cases are
not stationary for all emerging countries. The quantile cointegration technique indicates that COVID-19 cases are integrated with stock
prices for all E7 stock prices. Finally, the estimates from QQR indicate that the findings varied across different quantiles of COVID-19
cases and stock prices. For example, the number of COVID-19 cases positively affects stock prices for upper quantiles of stock prices.
However, this positive effect is weak for upper quantiles of stock prices. Conversely, a strong negative effect is found during lower
quantiles of stock markets. These findings are consistent across all E7 countries.

The negative findings for lower quantiles indicate that investors and other stakeholders lose their confidence during bearish states
of the stock market. Therefore, the effect is stronger during these states. These findings suggest that government should announce
economic relief packages and devise policies to minimize sharp declines in prices. Central banks may also adjust their monetary
policies by decreasing interest rates so that investors’ and other stakeholders’ confidence may be developed to minimize losses during
stock market declines. Finally, other policies should be devised for companies such as a reduction in taxes, providing social security,
and providing loans with low-interest rates so that losses due to COVID-19 cases may be minimized.
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