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With several commodity and financial markets
allegedly performing poorly during the
coronavirus disease (Covid-19) pandemic, the 
objective of this study is to examine how the
pandemic has affected stock markets in the G7
economies. The study applies the recently 
developed cross-quantilogram model introdu-
ced by Han et al. (2016) to investigate quantile
dependence between the conditional stock
return distributions of G7 countries and the
total daily global confirmed Covid-19 cases 
across investment horizons. The results reveal
that the cross-quantile dependence between 
the confirmed Covid-19 cases and G7 stock 
returns is most significant in the short and
medium term. The interlinkage weakens as the
lag period lengthens. These findings imply
that, in the short and medium term, stock
markets in the G7 countries reacted negatively 
and disproportionately to the increase in the
number of daily verified Covid-19 cases. 
Besides, cross-quantile correlations calculated
from recursive subsamples indicate that they
change over time, especially in low and
medium quantiles, suggesting that they are 
prone to jumps and discontinuities in the
dependence structures. The findings can aid 
investors and policymakers in better
understanding stock market dynamics,
particularly during times of great stress and
unknown events.  

Introduction 

Financial and commodity markets worldwide have plummeted owing to the global 
coronavirus disease (Covid-19) outbreak (Hung–Vo 2021, Chowdhury et al. 2021, 
Yousfi et al. 2021, Kincses–Tóth 2020, Hung 2021). The total number of confirmed 
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cases has surpassed 179 million (as of 24 June, 2021). The Covid-19 pandemic has 
triggered a global economic catastrophe as well as significant stock market falls 
(Szczygielski et al. 2021, Nyikos et al. 2021, Bulut–Korukoglu 2022, Antalóczy et al. 
2022, Aritenang 2022, Kapás 2022, Fitriani et al. 2022, Thakur–Das 2022). Prior 
research has shown that diseases and crises negatively influence financial markets and 
the severity and timing of the impact vary according to country (Szczygielski et al. 
2021, Matos et al. 2021). Yi et al. (2021) stated that the outbreak of Covid-19 has 
brought serious challenges to the global stock and bond markets. Le et al. (2021) 
confirmed that no other pandemic has had such an impact on global financial markets 
over the last century. Stock markets have been affected dramatically. Similarly, Ahmed 
et al. (2021) reported that the commodity markets also demonstrate abrupt movement 
similar to the stock market performance. For example, oil prices fell to a negative 
level in April 2020, and gold prices jumped from their lowest point in March to their 
greatest point in May 2020. 

The following path can be used to explain the relationship between the Covid-19 
outbreak and stock market values. First, owing to the Covid-19 shock, the sensitive 
characteristics of financial markets have seen marked increase in supply and demand 
swings (Wang et al. 2021, Ahmed et al. 2021, Izzeldin et al. 2021, Arif et al. 2021). For 
example, the Covid-19 pandemic triggered an economic downturn in many countries 
and sectors, including the consumer, service, and tourism sectors (Szczygielski et al. 
2021, Le et al. 2021, Wang et al. 2021, Izzeldin et al. 2021). Second, as the pandemic 
becomes more severe, the number of confirmed cases rises, attracting media attention 
and coverage. Investor sentiment is influenced by asset allocation and portfolio 
selection, which contributes to financial market volatility (Yousfi et al. 2021, 
Albulescu 2021, O’Donnell et al. 2021). This tallies with Sun et al. (2021) finding that 
the massive panic created by the Covid-19 revelation is linked to increased stock 
market volatility. The stock markets’ reaction to the outbreak has been the subject of 
several studies (Liu et al. 2021, Zaremba et al. 2020, Rahman et al. 2021, Gao et al. 
2021, Shen–Zhang 2021, Hung 2020a). These studies revealed that the Covid-19 
pandemic negatively impacts stock market returns. Overall, the Covid-19 pandemic 
adds to the stock market’s decline and increases volatility (Wang et al. 2021). 

Stock markets, as well as other asset markets such as currencies and commodities, 
have been severely impacted (Arif et al. 2021). Investors must examine portfolio 
diversification and possible asset allocation changes since most financial markets 
continue to experience large swings and are likely interconnected. The present study 
thus aims to examine the effects of Covid-19 on the stock markets of G7 countries – 
Canada, France, Germany, Italy, Japan, the United Kingdom (UK), and the United 
States (US). We use the G7 markets as a representative sample for our research. 
According to the World Bank, the G7 countries account for roughly 40% of global 
output. The G7 markets are the largest stock market group in the world in terms of 
trading volume and market capitalisation (Izzeldin et al. 2021, Jeribi–Fakhfekh 2020). 
Although the global pandemic has had an indiscriminate impact on stock markets 
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worldwide, the G7 markets have been the most severely impacted (Arif et al. 2021), 
even though the number of infections among G7 countries has varied significantly. 

According to several recent studies, stock markets and the Covid-19 pandemic 
may have a nonlinear and asymmetric relationship (Iqbal et al. 2021). While several 
recent studies have examined the impact of Covid-19 on stock markets worldwide, 
the majority of these research have overlooked the possibility of an asymmetric nature 
of such an association, which has been suggested in previous stock market studies 
(Zaremba et al. 2020, Rahman et al. 2021, Sun et al. 2021, Gao et al. 2021, Albulescu 
2021, Matos et al. 2021, Chen et al. 2021, Seven–Yilmaz 2021). It is possible that small 
and large changes in Covid-19 intensity will have distinct effects on stock market 
returns at different quantiles. We investigate the asymmetric association between the 
Covid-19 pandemic and stock market performance to address this research gap. Using 
the cross-quantilogram model, we explore how the addition of confirmed Covid-19 
cases worldwide influence daily returns in the G7 stock markets. We hope to discover 
not only the asymmetric impact of various Covid-19 quantiles on stock market 
returns, but also how this influence varies throughout the bearish and bullish market 
scenarios of G7 stock returns.  

We utilize the cross-quantilogram approach developed by Han et al. (2016) to 
analyse the impact of confirmed Covid-19 cases on the G7 stock markets. We take 
into account the non-linear dynamics (Naeem et al. 2021, Uddin et al. 2019, Shahzad 
et al. 2019, Liu et al. 2020) and tail dependence (Han et al. 2016) of financial data. 
Pham (2021b), Arif et al. (2021), and Rehman et al. (2021) bring to fore the potential 
of the cross-quantilogram framework in representing cross-quantile asymmetries in 
modelling the financial time series co-movements during the Covid-19 period. In this 
regard, our study contributes significantly to several strands of literature. First, our 
study adds to the growing literature on the association between the Covid-19 outbreak 
and stock markets in G7 countries. Earlier works concentrated on relationships 
between G7 stock markets and other financial markets during the Covid-19 outbreak 
(Izzeldin et al. 2021, Arif et al. 2021). Nevertheless, none of these studies have 
explored the considerable impact of the Covid-19 pandemic on stock markets in these 
countries. We have provided an excursion of literature by concentrating on 
relationships in different time horizons. Second, we contribute to the existing 
literature dependence structure by modelling the nexus between quantiles of selected 
variables based on the cross-quantilogram proposed by Han et al. (2016). More 
precisely, the study examines different lag structures (daily, weekly, monthly, and 
quarterly). Based on the information provided, investment strategies and portfolio 
selection can be developed and investment horizons can be selected accordingly 
(Rehman et al. 2021). Third, our research contributes to the regulatory discussion 
around the importance of Covid-19 and stock market co-movements. It also 
enhances our knowledge of the impact of the financial crisis on financial markets and 
stock prices. Our study examines the relationship between Covid-19 and stock 
markets, reporting that presidential opinions and policies influence investors, 
regulators, and managers' perceptions of financial market stability, especially for 
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investors seeking to limit tail risk in their portfolios. It further extends prior works 
(Liu et al. 2021, Zaremba et al. 2020, Rahman et al. 2021, Sun et al. 2021) which 
suggest that the Covid-19 outbreak has a significantly negative impact on stock 
markets. We pay attention to the tail distribution of confirmed Covid-19 cases and 
stock markets in G7 countries, which is indispensable as investors hunt for alternative 
assets capable of offsetting extreme losses in other asset classes (Rehman et al. 2021). 

The remainder of the paper is organized as follows: literature review, methods and 
data, empirical results and conclusions.  

Literature review 

The current study is critical to developing a solid theoretical framework for 
understanding how the Covid-19 pandemic has adversely impacted financial markets. 
Liu et al. (2021) concentrated on the influence of the Covid-19 on the stock market 
crash risk in China using a generalized autoregressive conditional heteroskedasticity 
(GARCH) with a skewness model. The authors confirmed that conditional skewness 
reacts negatively to daily growth in total confirmed cases, which implies that the 
pandemic raises stock market crash risk. Zaremba et al. (2020) also illustrated that 
government interventions aimed at curbing the spread of Covid-19 have a significant 
impact on stock market volatility. Rahman et al. (2021) investigated how the 
Australian stock market responds to the uncertainties caused by the Covid-19 
outbreak. Their results are also consistent with Liu et al. (2021) and Zaremba et al. 
(2020). Sun et al. (2021) also uncovered that the Covid-19 outbreak has an overall 
negative impact on stock markets, and there is a stronger positive relationship 
between individual investor sentiment and stock returns than usual. 

Gao et al. (2021) found that the Covid-19 pandemic is the main reason for the 
sharp variation of the US and China stock markets. Similarly, Yousfi et al. (2021) 
made a comparative evaluation of the influence of the first and second waves of the 
Covid-19 outbreak on the US stock market. They revealed that the time-varying 
connectedness supports the existence of volatility transmissions among stock returns. 
Furthermore, the findings also indicate that the influence of market shocks on the 
correlation between the US and Chinese markets is asymmetric, and a link exists 
between the US stock returns and the Covid-19 pandemic during the first and second 
waves of the outbreak. Albulescu (2021) provides the same results as Gao et al. (2021) 
that the prolongation of the coronavirus pandemic is a vital source of financial 
volatility, challenging the risk management activity in the US. In the same vein, Matos 
et al. (2021) evaluated the conditional nexus in terms of time and frequency domains 
between S&P 500 markets and confirmed Covid-19 cases and related deaths. They 
indicate that the low-frequency cycles of the US market index can be used to predict 
death cycles in the US in an anti-phasic approach. Shen–Zhang (2021) focused on 
two groups of stocks in China to analyse the different market reactions to the Covid-
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19 pandemic. The authors discovered a strikingly negative return on the event date, 
and the cumulative abnormal return shows a reversal trend. Chen et al. (2021) 
examined the impact of Covid-19 on the Chinese stock and bond markets. They 
revealed that the Covid-19 outbreak has a significant negative influence on the stock 
market and a positive influence on the bond market. Seven–Yilmaz (2021) explain 
the differences in the stock market falls across countries and suggest that the severity 
of the Covid-19 pandemic in each country impacted the equity market’s reactions. 
O’Donnell et al. (2021) identified whether the growth in Covid-19 impacted stock 
market prices by looking into five regional epicentres, along with a global index. They 
highlighted that the daily totals of Covid-19 cases explained index price changes in 
Spain, Italy, the UK, and the US. Chowdhury et al. (2021) evaluated the impact of 
Covid-19 on the stock markets and economic activities worldwide and provided 
evidence that the Covid-19 pandemic has a negative impact on stock markets and that 
the number of lockdown days and restriction on movement have a negative influence 
on economic activities.  

As per Iqbal et al. (2021), the shifting intensity levels of the Covid-19 pandemic 
have varied effects on the bearish and bullish market scenarios of cryptocurrencies. 
Furthermore, their outcomes reveal novel and asymmetric dynamics of this emergent 
asset class in the face of a highly stressful and unpredictable occurrence. The Covid-
19 uncertainty has influenced practically all markets in terms of reduced returns and 
increased market volatility, according to Szczygielski et al. (2021). Asian markets 
appear to be more resilient to Covid-19-related uncertainty over time, while 
European, North American, and Latin American markets appear to be less resilient. 
Le et al. (2021) focused on the frequency-based networks of different financial assets 
in the tails of return distributions and found an asymmetric influence of the pandemic 
on the dependency of the financial networks. Wang et al. (2021) investigated the long-
term relationship between confirmed Covid-19 cases and energy stock prices in 24 
nations. Their results revealed a cointegration association between these variables. In 
addition, the authors also showed that the confirmed Covid-19 cases had negative 
impacts on stock prices under study. Similarly, during the first and second waves of the 
Covid-19 spread, Ahmed et al. (2021) investigated the impact of Covid-19 on the Indian 
stock and commodity markets. They showed that Covid-19 negatively influenced oil 
prices and stock market performance during the various phases of lockdown in India. 
By contrast, Covid-19 has a positive impact on gold prices in this nation. 

In the context of G7 countries, Izzeldin et al. (2021) examined the influence of 
Covid-19 on stock markets and sectors (Consumer goods, consumer services, 
financials, healthcare, industrials, materials, oil & gas, technology, telecommu-
nications, and utilities) using the ST-HAR model. Based on the daily prices covering 
the period from 24 April, 2018–24 April, 2020, their findings show strong transition 
evidence to a crisis regime for all countries and sectors, indicating the effect of  
Covid-19. More importantly, the UK and the US have been struck the hardest, with 
the most variability in their business sector's response. To assess the safe haven and 
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potential of Islamic equities for G7 countries, Arif et al. (2021) utilized the cross-
quantilogram technique to compare the global financial crisis to the Covid-19 
pandemic crisis. During the study period, the authors showed that Islamic stocks did 
not exhibit safe-haven characteristics for the G7 countries. Islamic stocks, in contrast, 
have shown that they can help diversify the G7 stock markets. Similarly, Jeribi–
Fakhfekh (2020) claim that during the Covid-19 pandemic, G7 financial investors can 
benefit from portfolio diversification and hedging techniques using Bitcoin and 
Ethereum. Furthermore, the findings revealed that the predicted volatility of the US 
stock market has no bearing on the Japanese and Chinese stock markets. The number 
of confirmed Covid-19 cases and deaths has a considerable impact on the US stock 
market. 

This bleak situation underscores the significance of our work in this context. 
Given the belief that Covid-19 has a significant impact on financial markets, 
particularly in advanced economies such as the G7, we contribute to the literature by 
investigating how global confirmed Covid-19 cases affect each stock market in the 
G7. In addition, earlier studies employed the conventional approaches and did not 
account for covering lags, while the cross-quantilogram technique covers the extreme 
value dependence with lags (Rehman et al. 2021). As a result, the current study uses 
cross-quantilogram and recursive sampling methodologies to examine the direction 
predictability in the nexus between confirmed Covid-19 cases and G7 stock markets 
to fill this research gap. 

Methodology 

The quantilogram developed by Linton–Whang (2007) measures the predictability of 
a stationary time series in different sectors of the distribution. Put differently, a 
quantilogram is a correlogram of quantile hits (Han et al. 2016) that tests the null 
hypothesis that no directional predictability exists in each time series. The 
predictability test is conducted by comparing a quantilogram to a point-wise 
confidence interval. Han et al. (2016) extended the univariate quantilogram 
framework to a multivariate setting to assess the dependence of quantiles between 
two stationary time series. Compared to conventional econometric frameworks, the 
cross-quantilogram has some primary advantages. Firstly, this method estimates the 
directional predictability from one-time series to other quantiles of each variable’s 
distribution (Pham 2021b). The cross-quantilogram model is robust to 
misspecification error since it allows the dependence structure to co-move across the 
distribution of the pair of variables. Secondly, this approach can accept very long lags 
when compared to linear regression-type models. As a result, it is possible to calculate 
the strength of directional transmission over short, medium, and long investment 
periods. Thirdly, the cross-quantilogram model is based on quantile hits and hence 
does not depend on any movement condition (Pham 2021a), which is an essential 
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aspect when distributions of the time series are highly non-normal as found in 
financial data. The cross-quantilogram technique is described as follows. 

Let us consider two stationary time series as ,{ , }i tx t Z , 1,2i  . In the current study, 

1,tx  and 
2,tx  represent the Covid-19 confirmed cases and G7 stock markets, 

respectively. The density and distribution functions of series ,i tx  are denoted as (.)if  

and (.)iF . The quantile of ,i tx  is expressed as ( ) inf{ : ( ) }i i i iq F      for (0,1)i  , and 

the expression of two-dimensional series of quantiles are written by  1 1 2 2( ) ( )q q    

for  1 2,    . 

The cross-quantilogram for  quantile with k lags can be written as: 
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for 0, 1, 2k    ,… and where    1 0     , 1(.)  represents the indicator function 

and  ,1 i t i ix q     is the quantile exceedance process.  

In the case of two events,   1, 1, 1t tx q   and   2, 2, 2t k t kx q   , ( ) 0k   shows 

no cross dependence from event   2, 2, 2t k t kx q    to event   1, 1, 1t tx q  . 

To test the null hypothesis H0: (1) ( ) 0k      against the alternative 

hypothesis  
Ha: ( ) 0k   for some k . 

Han et al. (2016) suggest the test statistic of Ljung-Box: 
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where 
, ( ) ( 1, 2)i t iq i   represent the estimated quantile function for each variable. 

Han et al. (2016) suggest applying the stationary bootstrap procedure to 
approximate the null distribution of the cross-quantilograms and the Q-statistic 
above, while avoiding any reliance on the asymptotic distribution's nuisance 
parameters. According to Pham (2021b), the stationary bootstrap is a block bootstrap 
method with blocks of random lengths. Let { }j j NK 

 be a sequence of independent 

and identically distributed (IID) random block lengths with a geometric distribution. 
Let    1

, ,
j j
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
  be the blocks of length 

jL  starting with the 
jK th pair of 

observations. 
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The stationary bootstrap procedure creates the bootstrap samples   *
, 1

T

t k t k
x

 
, 

which are applied to estimate the conditional quantile function 
     * * *

, 1, 1 2, 2,t k t t kq q q     
   . 

The cross-quantilogram based on the bootstrapped sample is: 
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In this study, we considered 1000 bootstrapped estimates of * ( )k
  to build the 

confidence intervals for the test statistic in equation (2). 
To estimate the entire dependence structure between the Covid-19 and stock 

markets in G7 countries through a diversity of market conditions and investment 
horizons, we conducted the cross-quantilograms for 11 quantiles: 
( 1,  2  (0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95)) and 4 lags lengths: daily  
( ), weekly ( ), monthly ( ) and quarterly ( ). The selection of these 
lags is in line with earlier works (Arif et al. 2021, Pham 2021a, Uddin et al. 2019). As 
a result, for each pair of examined indicators, this study estimates 11×11×4=484 
cross-quantilograms, and each cross-statistical quantilogram’s significance is 
calculated using 100 stationary bootstraps. 

Data 

Our research is based on the daily closing prices of the G7 member countries – S&P 
PTX in Canada, the CAC 40 in France, the DAX 30 in Germany, the FTSE MIB in 
Italy, the NIKKEI 325 in Japan, the FTSE 100 in the UK, and the S&P 500 in the 
US. From 20 January, 2020 to 1 June, 2021, we tracked the information transmission 
from daily global confirmed Covid-19 cases. The stock market indices and Covid-19 
data come from the Datastream and Our World in Data platforms, respectively 
(https://ourworldindata.org/coronavirus). After converting to log values, the series 
was divided by 100, and this transformation is validated by the literature (Iqbal et al. 
2021, Gao et al. 2021, Sun et al. 2021, Yousfi et al. 2021). The stock market returns 
were calculated as the log difference for successive equities indices as 

 where  is the return from period  to ,  and  are 
data points at the respective periods  and .  

The current study concentrates on the G7 countries since they have the most 
developed economies globally, accounting for more than 64 percent of global net 
worth and 46 percent of GDP (Jiang et al. 2020). Meanwhile, governmental 
interventions, economic reforms, and financial regulatory actions varied greatly 
between their economies. Furthermore, the G7 stock markets have grown highly 
efficient after a long period of development. Stock prices can accurately and swiftly 

𝑘 = 1 𝑘 = 5 𝑘 = 22 𝑘 = 66

𝑟𝑡 = logሺ𝑃𝑡ሻ − logሺ𝑃𝑡−1ሻ, 𝑟𝑡  𝑡 𝑡 + 1 𝑃𝑡  𝑃𝑡+1𝑡 𝑡 + 1 



248 Ngo Thai Hung

 

Regional Statistics, Vol. 13. No. 2. 2023: 240–264; DOI: 10.15196/RS130203 

reflect the impact of the Covid-19 pandemic on the stock markets, allowing for a 
more comprehensive examination of the stock market reaction to the Covid-19 
pandemic. Specifically, we used the stock indices of the G7 countries, which are 
considered representative cases in the study because they had the highest number of 
confirmed cases worldwide as of August 2020 (Qing et al. 2020). The descriptive 
statistics for the data are shown in Table 1. 

Table 1 
Summary statistics of confirmed Covid-19 cases and stock returns 

 Covid-19 Canada France Germany 

Mean 0.015717 0.001507 0.001039 0.001314 

Max 1.386294 0.112323 0.086110 0.109692 

Min –8.114923 –0.137203 –0.139488 –0.139053 

Std. Dev 0.264222 0.017107 0.016775 0.017358 

Skewness –28.28258 –1.035854 –0.393530 –0.153264 

Kurtosis 878.2367 19.81400 11.71943 12.43334 

J-B 32820.862*** 12245.44*** 3270.313*** 3800.823*** 

ADF –31.66283*** –12.18808*** –10.94312*** –10.95582*** 

 Italy Japan UK US 

Mean 0.001005 0.000901 0.000403 0.001607 

Max 0.082815 0.068413 0.101330 0.089347 

Min –0.198318 –0.066794 –0.129005 –0.131492 

Std. Dev 0.017042 0.012846 0.016765 0.018017 

Skewness –1.758690 0.268790 –0.195962 –0.532489 

Kurtosis 24.23118 6.488352 10.99548 9.061982 

J-B 19760.43*** 531.5239*** 2734.138*** 1616.290*** 

ADF –10.45939*** –10.02953*** –11.89430*** –10.54586*** 

*** Illustrates a 5% significance level. 

A quick look at the summary statistics of the index returns in Table 1 uncovers 
some intriguing characteristics of the included stock returns. All seven stock markets 
experienced positive average returns during the sample period. Compared to the stock 
market indices, the standard deviations for confirmed Covid-19 cases are higher, as 
expected given the large co-movements in the number of confirmed Covid-19 cases 
over the research period. Each series has a negative skewness and a kurtosis greater 
than four, indicating that the tails are larger than they are in a normal distribution. 
This is formally validated by the Jarque–Bera test statistics. Lastly, the Augmented 
Dickey–Fuller (ADF) unit root tests show that all examined variables are stationary 
at level. As a result, modelling the cross-quantilograms can perfectly capture the 
influence of confirmed Covid-19 cases on stock markets in G7 countries.  
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The general distribution of the concerned variables and pairwise relationships 
between series are depicted graphically in Figure 1. Figure 1 clearly shows that none 
of the variables under study had a normal distribution, with the strongest connection 
between stock markets and confirmed Covid-19 cases. 

Figure 1 
Plots of distribution and the pair-wise correlations of the variables  

 
* Illustrates a 1% significance level. ** Illustrates a 5% significance level. *** Illustrates a 10% significance level. 

Empirical results 

Cross-quantilogram analysis 

This section depicts the cross-quantile dependency between global confirmed Covid-
19 cases and G7 stock market returns analyses in the form of heat maps for different 
lag lengths. Heat maps depict the cross-quantile unconditional bivariate correlation 
between two distributions. The x-axis represents the global confirmed Covid-19 cases 
quantiles, whereas the y-axis represents the stock market returns of G7 countries. The 
quantile distributions of the variables are defined by the x- and y-axes and highlighted 
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by quantile hits [q = (0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95)]. Each heat 
map has 121 (11 x 11) cells representing the quantile combinations of the variables. 
The correlations are displayed on a colour scale (ranging from –1.0 to +1.0). The 
absence of predictable directionality in the care quality commission (CQC) is shown 
by a cell with a correlation of zero. We considered four alternative lag orders: lag 1  
(1 day), lags 5 (week), lags 22 (month), and lags 66 (quarter). This information can be 
used to help develop investment strategies and portfolio selections based on time 
horizon (lag structure). For cross-quantile correlations that are statistically 
insignificant, the heat maps were set to zero, indicating a lack of predictable 
directionality. Overall, with lags ranging from daily to quarterly, this method captured 
quantile dependencies. The lags lengths considered in the heat maps are noted on the 
left-hand side of the figures. Figure 2 shows that global confirmed Covid-19 cases 
and G7 stock market returns are heterogeneously integrated across time horizons. 

In the heat map setting, we take into consideration confirmed Covid-19 cases to be 
predictability for a G7 stock market under two situations. First, significant positive 
estimates can be found in the top left corner of a heat map, which implies that stock 
returns of G7 countries are followed by a highly positive number of confirmed Covid-
19 cases. Second, the entire distribution of the heat map indicates negative relationships 
and disconnection between the confirmed Covid-19 cases and G7 stock markets, except 
the US, since only blue and green colours are represented in the heat map. 

Further, Figure 2 shows the full sample cross-quantilogram outcomes for the G7 
stock markets and confirmed Covid-19 cases. In row one, which reports the findings 
for a 1-day causal relationship, we observe a substantial orange colour present in the 
high quantile distributions for the G7 stock markets and confirmed Covid-19 cases. 
These observations demonstrate a significant positive interdependence. This 
demonstrates a positive nexus between Covid-19 and G7 stock markets across the 
high quantiles of the distribution, in particular, with longer lags, the nexus 
strengthens. In contrast, a negative relationship exists between the examined variables 
across low and medium quantiles of distribution at the higher- and lower-left corners. 
This indicates that future positive G7 stock returns will follow extreme negative 
Covid-19 shocks in the next periods. The heat maps for the Covid-19 and G7 stock 
returns at the short-run investment horizon illustrate a mix of green and blue, 
suggesting a negative association across different distribution quantiles, which implies 
that the G7 stock markets are the main receivers of the Covid-19 shocks. 
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Figure 2 
 Cross-quantilogram heat maps  

between Covid-19 outbreak and G7 stock markets 

Covid-19Canada Covid-19France Covid-19Germany 
Day 
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     (Figure continues the next page.) 
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(Continued.) 
Covid-19Italy Covid-19Japan Covid-19UK 
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 (Figure continues the next page.) 
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(Continued.) 
Covid-19US 

Day 

 
Week 

Month 

 
Quarter 

 
Notes:   demonstrates the direction of predictability. The heat maps are separated for four-time horizons: 

daily (k=1), weekly (k=5), monthly (k=22), and quarterly (k =66). In each heat map, the vertical axis shows the returns 
quantiles of G7 stock markets, while the horizontal axis illustrates quantiles of the Covid-19 pandemic. The colour 
scale at the bottom demonstrates the numerical values of the heat map colours. 
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A visual comparison of cross-quantilogram across the seven countries in Figure 2 
demonstrates that Covid-19 generally has a stronger predictive power over stock 
markets in Canada, Japan, France, Germany, Italy, the UK, and the US because the 
correlation between the two variables for these pairs oscillates between positive and 
negative. In the upper quantile of Covid-19, there is positive predictability for these 
nations with all lags. The cross-quantilogram heat map for the pairs of Covid-19, 
Germany, France, Japan, Italy, Canada, and the UK are dominated by blue, which 
means that these stocks strongly respond to the growth in the number of Covid-19 
cases. By contrast, the positive relationships for the Covid-19 with the US are unveiled 
at lag 1 (day), 5 (week), and 22 (month). However, at 66 lags (quarter), the green 
colour in some quantiles shows weak connections between variables. This suggests 
insignificant interdependence between Covid-19 and G7 stock returns. 

Overall, the cross-quantile correlation between confirmed Covid-19 cases and G7 
stock returns is fundamentally short and medium run, according to our findings. As 
the lag period lengthens, the link weakens. These findings suggest that in the short 
and medium-term, the stock markets in the G7 countries reacted negatively and 
overwhelmingly to the increase in the number of confirmed cases. In the long run, 
however, this relationship is relatively shaky. Owing to problematic stock market 
investors and the projected negative impact of Covid-19 early on and the surge in 
confirmed cases, this is not surprising. As the number of confirmed cases in the G7 
countries rises, stock market returns fall. These findings are consistent with the results 
of several previous studies which show a strengthening nexus between confirmed 
Covid-19 cases and stock market prices (Albulescu 2021, Ashraf 2020, Baker et al. 
2020, Chen et al. 2021, Chowdhury et al. 2021, Shen–Zhang 2021). 

Time-varying cross-quantilogram analysis 

We provided quantile dependence between the concerned indicators for the entire 
sample period in a time-static condition during the sample period shown. In this case, 
however, the quantile-hit approach was unable to reflect the dynamic properties of 
interdependence. Therefore, in this section, we analysed the dependence structure in 
a time-varying setting using recursive subsample estimations. The objective of this 
study was to detect any potential changes in cross-quantile correlation through time. 
In recent literature, recursive subsample estimation was commonly used to measure 
the time-varying relationship between financial variables (Hung 2020b, Uddin et al. 
2019). 
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Figure 3 
Recursive cross-quantilograms  

between Covid-19 outbreak and G7 stock markets 

Covid-19Canada  
=0.05 =0.5 =0.95 

Covid-19France 
=0.05 =0.5 =0.95 

 
Covid-19Germany 

=0.05 =0.5 =0.95 

Covid-19Italy 
=0.05 =0.5 =0.95 

(Figure continues the next page.) 
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(Continued.) 

Covid-19Japan 
=0.05 =0.5 =0.95 

Covid-19UK  
=0.05 =0.5 =0.95 

Covid-19US  
=0.05 =0.5 =0.95 

Notes: We used a rolling window to estimate the cross-quantilogram coefficients. The figure shows the recursive 
cross-quantilogram between the series (COVIDSTOCK) when both are at the 5%, 50%, and 95% quantiles.   
shows the direction of predictability. The blue lines illustrate the time-varying cross-quantilogram coefficients through 
the recursive subsampling procedure. The red lines indicate 95% bootstrapped confidence intervals, which are 
obtained from 1000 bootstrap replications. 

To investigate variations in the causal relationships between the confirmed Covid-
19 cases and the G7 stock indexes over the research period, we used recursive 
sampling with a 252-day rolling window to quantity the dynamic correlation in each 
step, and the estimation process continued in the same way until the last observation 
of the sample. Figure 3 shows the obtained findings. In each pair, the findings are 
shown in the first, second, and third rows when both series distributions were at the 
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represented on the vertical axis, while the time of the recursive window is represented 
on the horizontal axis. The blue lines depict time-varying cross-quantilogram 
correlation in recursive subsamples, while the red lines indicate a 95% confidence 
range for the null hypothesis of no predictability. A bootstrap process was used to 
compute the confidence interval. In this work, we employed 1000 bootstrap 
iterations. We chose a one-day lag because earlier research has shown that cross-
correlations over one day are significant in most circumstances. 

Figure 3 reports a time-varying picture of cross-dependence between the 
confirmed Covid-19 cases and G7 stock returns. Over the sample period analysed, 
the cross-quantile correlation between Covid-19 and US stock returns shows a 
positive association, with a modest fall and volatility in early 2021. The cross-quantile 
correlation will predominantly transition from negative to positive in the remaining 
nations until 2021, especially in the UK, France, Japan, and Canada, before dropping, 
demonstrating that Covid-19’s influence on these stock markets is time-varying. For 
example, at the start of 2020, the cross-quantile correlations of Covid-19 with stock 
returns in Canada, Italy, France, and Germany for the 0.5 quantiles were negative, 
implying that stock markets in these countries were unstable. This is big news for 
Canadian, Italian, French, and German investors. Furthermore, of the entire sample, 
there was only a weak (nearly zero) connection in the lowest quantile and positive 
correlations throughout the upper quantile periods. A broader examination of the 
graphical results reveals a negative lead-lag relationship between different quantiles of 
the confirmed Covid-19 cases and the G7 stock markets. The overall findings of the 
recursive analysis show that the influence of confirmed Covid-19 cases on the G7 
varies with time, with some heterogeneity across the variables studied. Our results are 
generally in line with prior studies showing that Covid-19 has a negative impact on 
stock markets (Liu et al. 2021, Rahman et al. 2021, Sun et al. 2021, Zaremba et al. 
2020). 

Robustness checks 

This section contains the results of the above-mentioned robustness analyses, as 
shown in Figure 4.  

Following Balcilar et al. (2017), quantile Granger causality tests were performed 
to investigate the cross-quantile dependence between confirmed Covid-19 cases and 
G7 stock markets further. We considered the causality-in-quantiles test. This 
nonlinear model is flexible and allows testing causality in the joint distribution of the 
variables, including the tails (Adekoya–Oliyide 2021, Balcilar et al. 2017). The black 
line in individual plot represents the critical values at the 5% significance level. When 
Covid-19 was used as the causal variable, most spillover series at the lower and higher 
quantiles showed significance at 5%. Overall, Granger causality from confirmed 
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Covid-19 cases to G7 stock markets is significantly evident. These findings are in line 
with the cross-quantilogram empirical evidence presented in the previous section. 

Figure 4 
 Causality in quantiles between Covid-19 and G7 stock returns 

Covid-19Canada Covid-19France Covid-19Germany 

   
Covid-19Italy Covid-19Japan Covid-19UK  

   
Covid-19US   

 

  

Notes: This figure summarizes the quantile Granger causality test statistics. The x-axis shows the quantiles and 
the y-axis shows the test statistics for a specific pair of assets. 

Methodologically, by minimizing a weighted sum of absolute value of residuals, 
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conditional quantiles as a function of predictors. As a result, for each quantile 
regression, the coefficients calculation was based on the weighted complete sample 
data, not simply the datapoints at those quantiles. The cross-quantilogram technique 
allows us to represent the response variable’s entire conditional distribution features, 
detect heterogeneous covariate effects at multiple quantiles of the outcome, and 
provide more robust estimates when outliers and long tails exist. This study utilized 
the cross-quantilogram model to shed light on quantile dependence between the 
Covid-19 confirmed cases and G7 stock returns. This approach allows us to focus on 
the lowest tails of the distribution rather than the whole distribution. Past studies have 
measured the direction and strength of shock spillovers in the stock markets, relying 
on traditional average-based estimators that can only estimate the system of average 
shocks (Bouri et al. 2021). Nevertheless, systemic shocks are not necessarily equal to 
average shocks but can be much larger, indicating the need to consider potential 
heterogeneous effects across the size distribution of shocks. Compared to 
conventional methodologies, the cross-quantilogram is based on quantile hits and 
accommodates a large number of quantiles and lags, which provide information on 
the direction, magnitude, and duration of the dependence between time series across 
a wide range of quantiles (upper tail, lower tail, and median). As a result, the cross-
quantilogram model can more completely depict the association between variables 
under investigation (Naeem et al. 2021, Uddin et al. 2019, Shahzad et al. 2019, Liu et 
al. 2020, Han et al. 2016, Rehman et al. 2021). 

In general, our findings shed light on the significant impacts of global confirmed 
Covid-19 cases on G7 stock markets. Hence, we draw several policy implications. 
First, politicians should pay greater attention to the dynamics of stock markets and 
the number of confirmed Covid-19 cases in their countries. In this sense, authorities 
should figure out how to assist the market quickly and effectively when the number 
of confirmed Covid-19 cases is high. In severe instances, the risk of a market crash 
can be mitigated by doing so. 

Second, investors are likely to be sensitive to both local and worldwide news (for 
example, G7 domestic infected cases or deaths). As a result, clear and timely 
communication on the Covid-19 pandemic could lead to better market forecasting. 
Specifically, when the number of confirmed Covid-19 cases rises considerably, both 
investors and regulators should be warier about the potential of stock market co-
movements. Then, as recommended by earlier studies, hedging or safe haven 
measures could be used (Rahman et al. 2021, Gao et al. 2021). 

Finally, our findings provide recommendations to risk regulators, who should 
build a daily monitoring method for financial risk transmission across international 
boundaries to improve early risk warning systems. They should implement 
management methods that illustrate the use of benefits, prudent risk prevention, and 
risk management. Countries should also develop a comprehensive assessment index 
system covering a wide range of markets and industries that is completely transparent, 
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with frequent data updates. Furthermore, it is crucial for enhancing international 
coordination among financial authorities. In the context of economic globalization, 
stock markets are a complex economic ecosystem, thus it is vital to increase 
international management information exchange related to financial risk contagion. 

Conclusions  

Using the outbreak of Covid-19 as the shock event, this study empirically investigated 
the effects of the total daily global confirmed cases of Covid-19 on the stock markets 
of G7 countries. As opposed to earlier works mostly based on linear correlation or 
causality modelling, we employed cross-cross-quantilogram proposed by Han et al. 
(2016) to detect and determine the nature of dependence impacts of Covid-19 on the 
selected stock returns. This method employs a model-free measure of the correlation 
between two variables across the quantiles of each distribution and investigates the 
dependence in specific market conditions and investment horizons, thereby providing 
fresh insights into the stock markets of G7 countries during the Covid-19 period.  

The empirical findings reveal that the cross-quantile dependence between the 
confirmed Covid-19 cases and G7 stock returns is the most significant in the short 
and medium run. The interlinkage weakens as the lag period lengthens. These findings 
suggest that the stock markets of G7 countries reacted negatively and overwhelmingly 
to the increase in the number of daily confirmed Covid-19 cases in the short and 
medium term. However, the dependence structures between the two variables 
dissipate in the long run. Besides, cross-quantile correlations calculated from recursive 
subsamples uncover that cross-quantile correlations change over time, especially in 
low and medium quantiles, suggesting that they are prone to jumps and discontinuities 
in the dependence structures. This means that the Covid-stock relationship 
experiences strong moves in the tail distributions at divergent periods, showing 
interrelatedness during the Covid-19 crisis, and directional predictability is time-
varying. As a result, common policy instruments could serve as effective stabilization 
tools for all G7 economies.  

Investors and policymakers should be aware of the correlation between Covid-19 
and stock market results when diversifying their portfolios. The cross-quantile 
correlations aids in the understanding of asset co-movement, which aids portfolio 
diversification and investing decisions. During the Covid-19 crisis, investors should 
reconsider their asset allocation if they have significant, positive dependencies. 
Liberalizing trade and investment policies have improved the Covid-stock 
relationship, and market flows into G7 economies have risen significantly over time. 
Understanding the underlying dependencies of these movements can help enhance 
asset allocation and risk-adjusted portfolios. Furthermore, a better understanding of 
the net recipients and net transmitters of Covid-19 or stock movements at various 
stages could aid policymakers and regulators in developing a surveillance system for 
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addressing market interdependence effects connected to the impact of Covid-19 
changes in these markets. 
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