M International Journal of K\
“. Financial Studies MD\Py

Article

Pre- and Post-COVID-19: The Impact of US, UK, and European
Stock Markets on ASEAN-5 Stock Markets

Izaan Jamil ¥, Mori Kogid *', Thien Sang Lim ‘© and Jaratin Lily

Faculty of Business, Economics and Accountancy, Universiti Malaysia Sabah, Kota
Kinabalu 88400, Sabah, Malaysia
* Correspondence: edy@ums.edu.my

Abstract: This study investigates the relationship between closing—opening prices of stocks in the US,
UK, and European markets and the prices of stocks in the five Association of Southeast Asian Nations
(ASEAN-5) markets, a group consisting of five founding members, namely, Indonesia, Malaysia, the
Philippines, Singapore, and Thailand. In particular, this study examines the impact of US, UK, and
European stock market movements on ASEAN-5 stock markets before and during the COVID-19
pandemic. An autoregressive distributed lag (ARDL) bounds testing approach was employed on two
independent data sets, representing prices of stocks before and during the COVID-19 pandemic. The
results reveal that among the ASEAN-5 markets, only the Philippines had a cointegration relationship
with the US, UK, and European markets before the crisis. However, almost all ASEAN-5 markets
moved in tandem with the US, UK, and European markets during COVID-19, except for Thailand.
These empirical findings also indicate that the stock markets in the two regions tended to co-move
during the COVID-19 pandemic, implying a contagion effect. Further, the causality results also
provide substantial evidence of contagion between markets during the pandemic. These results
imply that the stock markets in ASEAN-5 are susceptible at the opening bell to the behaviour of US,
UK, and European stocks. Therefore, investors or traders in ASEAN-5 should participate in foreign
markets (other than the US, UK, and Europe) that do not exhibit cointegration relationships to better
mitigate and manage risk at the opening bell, especially during a global crisis.
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Impact of US, UK, and European 1. Introduction

Stock Markets on ASEAN-5 Stock The novel coronavirus disease (COVID-19) is among the most catastrophic global crises
Markets. International Journal of of the 21st century (Alubo et al. 2020; Ashton 2020). Before COVID-19, another outbreak
Financial Studies 11: 54. https:// originating from China was severe acute respiratory syndrome (SARS) (El Zowalaty and
doi.org/10.3390/ijfs11020054 Jarhult 2020). The first reported SARS case was documented in Guangdong, China, and the

disease was transmitted to individuals in 29 countries, resulting in a total of 774 cases with a
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9.6% fatality rate (World Health Organization 2003). Chinese stocks became highly volatile
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Accepted: 27 February 2023 during this period. This phenomenon spread throughout the East Asian region, slightly
Published: 23 March 2023 affecting countries such as Japan and severely affecting others including Hong Kong and

Singapore (Siu and Wong 2004). The study by Chen et al. (2009) also demonstrated the
impact of the SARS outbreak on Taiwan’s economy. The World Health Organization (WHO)

categorised SARS as an epidemic, as it had only a limited impact on the global community,
Copyright: © 2023 by the authors.  population, and region. In contrast, COVID-19 is classified as a pandemic as it spread
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COVID-19 cases have been reported in more than 220 countries worldwide (World-
meter 2022), and COVID-19 has been declared a global virus outbreak. The mysterious
virus originated in Wuhan, China, and was declared by WHO as a Public Health Emer-
gency of International Concern (PHEIC) on 30 January 2020. The announcement was
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made after the first case was reported outside of China in Thailand on 13 January 2020
(World Health Organization 2020). While the number of cases gradually declined in China,
most countries—including the United States (US), United Kingdom (UK), and European
countries—became more severely affected. The number of confirmed cases exceeded 1 mil-
lion by April 2020. As the total number of cases and the death rate increased, countries
worldwide took unprecedented measures to contain the spread of the virus. Governments
imposed movement restrictions on the population and prohibited certain economic activi-
ties. To a large extent, severely affected cities were in complete lockdown (de Bruin et al.
2020; Zhao et al. 2020). Unfortunately, the restricted movement negatively impacted the
global economy, causing an economic shock leading to capital market crashes worldwide
(Liu et al. 2020). Due to the lack of vaccines to combat the virus, stock markets plunged
as most investors and traders were uncertain of the markets’ future direction (Kamaludin
et al. 2021; Rouatbi et al. 2021).

At the peak of the outbreak in 2020, the values of major stock markets in the US, UK,
Europe, and ASEAN-5 were wiped out by at least 30%. The drastic fall in stock markets
stemmed from government-implemented lockdowns to contain the spread of COVID-
19 worldwide. Nonetheless, the Malaysian stock market only saw a 25.1% reduction
throughout the same period (see Table 1). Although the total number of cases and death
tolls vary from country to country, a similar downside pattern is observable across almost
all stock markets. Accordingly, the main issue was whether these markets were cointegrated
before the outbreak and during the crisis or whether no such relationship existed.

Table 1. Stock market performance during COVID-19 pandemic.

Stock

Country Market 2020 Highest = 2020 Lowest +— +/—in %
us DJIA 29,568.57 18,213.65 (11,354.92) (38.4%)
UK FTSE100 7689.67 4898.79 (2790.88) (36.29%)

Germany DAX 13789 8255.65 (5533.35) (40.13%)

France CAC 6111.41 3632.06 (2479.35) (40.57%)
Italy MIB 2493.7 1359 (1134.7) (45.5%)
Spain IBEX 10,100.20 5814.50 (4285.7) (42.43%)
Malaysia KLCI 1612.62 1207.80 (404.82) (25.1%)
Singapore SGX 378.72 250.26 (128.46) (33.92%)
Thailand SETI 1604.28 1022.83 (581.45) (36.24%)
Indonesia JKSE 6325.41 3911.72 (2413.69) (38.16%)
Philippines PESi 7890.94 4039.15 (3851.79) (48.81%)

Note: () represents negative figures. Source: Bloomberg Trading Terminal.

It is also recognised that countries such as the US, UK, as well as European and
ASEAN-5 countries have a long history of economic relations intertwined with trade
relations, investments, and capital inflows. According to the ASEAN Investment Report
(ASEAN 2021), ASEAN-5 received the highest-ever inflows of FDI in 2019 and is the largest
recipient among developing nations. As predicted, the US maintained its status as the top
investor for 2019 (34.6%) in ASEAN-5 across all sectors. Various agreements were reached
between countries where ASEAN-5 attempted to smoothen FDI inflows and provide more
significant opportunities in attracting investments and enhancing the development of the
global value chain in all economic regions. The growth of the relationship between regions
and countries also means that each region and country are exposed to risk in the event of a
crisis that leads to potential linkages and possible contagion between markets.

This study makes at least two significant contributions to the existing literature. Al-
though many researchers have conducted studies on the impacts of financial crises (Huyghe-
baert and Wang 2010; Liu et al. 2020; Yang et al. 2003; Yildirim 2020), few have considered
time zone differences. Most previous studies focus on close-to-close stock price relation-
ships. This study offers a different perspective by focusing on the close-to-open stock price
relationships among a group of stock markets.
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Even though previous studies such as Yildirim (2020) and Kamaludin et al. (2021)
examined the integration between major stock markets during the pandemic, the impact
of major global markets’ closing prices on ASEAN-5 markets’ opening prices still needs
to be explored. King and Wadhwani (1990) argued that the opening prices contain a
significant volume of information. Traders at the ASEAN-5 markets may decide on their
positions based on the events occurring in the US, UK, or Europe. Therefore, the non-
overlapping trading hours between the US and Japan, for instance, provide a clean test
of how information is transmitted from one market to another (Lin et al. 1994). The
second significant contribution of this study is a better understanding of the stock markets’
reactions before and during the pandemic. These reactions are studied in the context of
the relationship between ASEAN-5 with leading world stock markets, an area of research
that still needs to be explored. Accordingly, there are two main research questions to
consider: Do the closing prices of US, UK, and European stock markets significantly impact
the opening prices of ASEAN-5 stock markets? Has the COVID-19 pandemic made a
significant difference as a contagion channel between markets? With these contributions in
mind, this study aims to investigate the impact of the US, UK, and European stock markets’
closing prices on the opening prices of ASEAN-5 stock markets before and during the
COVID-19 pandemic.

This paper is divided into five parts. Section 1 provides introductory insights into
the area of study. Section 2 presents the literature review on this area. Section 3 discusses
the data collected and methods of data analysis used to examine the relationship between
ASEAN-5 stock markets and the US, UK, and European stock markets in the long and short
run. Section 4 outlines the empirical results, and Section 5 summarises the current study
and findings.

2. Literature Review

Stulz (1981) and Solnik (1983) utilised the International Capital Asset Pricing Model
(ICAPM) and stressed that it is impossible to determine whether asset markets are seg-
mented internationally or not without any model. Stulz (1981) added that asset markets
are perfectly integrated if two assets with perfectly correlated returns in a given currency
belonging to different countries have identical expected returns in that particular currency.
On the other hand, Solnik (1983) highlighted that a world market portfolio would only be
optimal because investors hold different portfolios. King and Wadhwani (1990) claimed
that any standard asset pricing model, such as ICAPM by Solnik (1983) and Stulz (1981),
would allow stock markets from different countries to be correlated. They examined ratio-
nal expectations on price equilibrium and the contagion model as investors have access
to different sets of information to infer valuable information from price changes in other
markets. However, their primary criticism of the ICAPM primarily related to the dismissal
of a fundamental factor, namely, different time zones. Thus, they revised the ICAPM by
including additional price changes and the differences in time zones.

Theory suggests that a lead-lag effect caused by asymmetric information can be trans-
mitted slowly or quickly to investors. Lo and MacKinlay (1990), Mech (1993), and McQueen
et al. (1996) agree that in financial theory, the lead-lag effect is a result of the unsynchro-
nized trading hours due to time zone differences. Lo and MacKinlay (1990) also found that
the behaviour of different sectors of the economy has varying sensitivity to macroeconomic
shocks, market integration, investment concentration, and market shares due to the lead—
lag relationship. The authors added that this relationship remains unexplained and should
be investigated.

Grubel (1968) and Solnik (1974) found a lower correlation among national stock
markets. However, Goldstein and Mussa (1993) found that international market linkages
have increased over the past few decades, especially after stock markets were actively
traded in major financial centres. Although each country has different economic structures,
behaviours, sectors, exposure, market capitalisation, daily volume, and other factors, stock
markets worldwide will move in tandem during crises, such as pandemics (Granger and
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Morgenstern 1963). Whether unexpected events in the US, UK, and Europe will cause panic
in the opening prices of ASEAN-5 markets becomes pertinent in this regard.

Estimation of cross-market correlations between stable and crisis periods is one of
the approaches used in the previous literature to study contagion, where a rise in corre-
lation during a crisis compared to a stable period is interpreted as evidence of contagion
(Samarakoon 2011; Akhtaruzzaman et al. 2021, 2022). In a study by King and Wadhwani
(1990), the October 1987 stock market crash was described as a cause of contagion among
global markets, where traders concluded that any risk triggered due to a mistake in one
market could be transmitted to others. Meanwhile, a study found that Japanese traders
were influenced by what had happened in the New York Stock Exchange before share
buying and selling activities at the opening bell of the Nikkei 225 (Becker et al. 1990; Hamao
et al. 1990). Moreover, Yildirim (2020) discovered the integration of the China stock market
with Turkey and the US markets during COVID-19. Other findings by Kamaludin et al.
(2021) also supported the strong integration between ASEAN-5 stock markets and the Dow
Jones Index.

Several studies investigated the direct relationships among stock indexes worldwide
(Blahun and Blahun and Blahun 2020; Menon et al. 2009; Wong et al. 2004) given major
critical events in certain countries (Huyghebaert and Wang 2010; Yang et al. 2003). For
example, the US stock market crash in October 1987 affected European and Asia Pacific
markets (Eun and Shim 1989). However, some researchers found no cointegration among
markets in the US, UK, Japan, Hong Kong, Singapore, Australia (Malliaris and Urrutia 1992),
South Korea, and Taiwan (Chan et al. 1992) before the October 1987 stock market crash.
On the contrary, there is evidence of a causal relationship between the US and Canadian
stock indexes (Ripley 1973). A cointegration relationship also existed between the US, UK,
Germany, Switzerland, Netherlands, France, and Italy during the same period (Arshanapalli
and Doukas 1993; Bessler and Yang 2003; Hassan and Naka 1996; Schollhammer and Sand
1985).

In general, previous findings conclude that the US and European economic and
financial markets shared the same structure before the 1987 stock market crash in contrast
to Asian markets. Based on this observation, it was concluded that the locality and structure
of economies play an important role in studying the co-movement of world stock market
indexes (Blahun and Blahun and Blahun 2020; Menon et al. 2009). To illustrate this point, the
stock markets in Thailand, Indonesia, Malaysia, Singapore, the Philippines, and other Asian
countries severely contracted during the 1997/1998 Asian financial crisis. Nonetheless,
the downtrend effects were not transmitted to the US or European countries (Jang and
Sul 2002; King 2001; Sheng and Tu 2000). Another good example is the 2007 /2008 global
financial crisis, where only the European stock market suffered a significant impact from
the shock that originated in the US, while Asian markets (excluding India, Japan, Hong
Kong, Taiwan, South Korea, Thailand, Singapore, and the Philippines) experienced only
indirect consequences (Junior and De Paula Franca 2012; Nobi et al. 2014; Rahman and
Sidek 2011; Wang et al. 2013).

It is well acknowledged that the US stock market is the most influential globally and
a top leader in market information and news that influences other stock markets (Bessler
and Yang 2003; Eun and Shim 1989; Hassan and Naka 1996). For instance, Rijanto (2017)
highlighted the relationship between global stock markets and ASEAN-5 and concluded
that investors in ASEAN-5 experience differences in information transmission due to
different time zone and trading hours. By utilising VECM, the empirical results showed
that the US stock market consistently affected the stock markets of ASEAN-5 since the
US capital market is a leader in information to other countries. Furthermore, even after
the 2008 crisis, the US stock market still influences the ASEAN-5 stock markets, except
Indonesia.

As stock markets are not open around the clock, King and Wadhwani (1990) developed
several regimes of trading using regression models to address the price jump in all other
markets following information from different markets. In the case of the US, UK, and
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Closing Price US, UK, and European at T-1

Europe against ASEAN-5, this falls into the category of market 1 when it is closed (US,
UK, Euro) and market 2 when it is open (ASEAN-5) since these markets are not trading
at the same trading hours. The price jump that occurred when one market switched to
another must be examined. Such jumps during the market opening are unique features of
the imperfect revealing equilibrium model. The price jump in the opening price of ASEAN-
5 stock markets implies the accumulated value of complete information on COVID-19
obtained from the US, UK, and European markets.

Contrary to the previous crises that only affected certain countries, the impact of
COVID-19 at a global level is truly unprecedented (El Zowalaty and Jarhult 2020). Therefore,
it is crucial to investigate the movement of stock indexes to understand the impact of
COVID-19 on the stock market (Chaudhary et al. 2020; Kamaludin et al. 2021; Liu et al.
2020; Luis and Gloria 2020; Yildirim 2020; Zhang et al. 2020) through risk transmission
and possible contagion between markets (Akhtaruzzaman et al. 2021, 2022). Among the
primary challenges of global traders during a crisis is that stock markets worldwide are not
opened concurrently on a typical trading day due to time zone differences. In this regard, a
global selloff from one market might be transmitted to another, triggering panic and fear
for investors or traders from other markets in different time zones waiting for the opening
bell in their respective domestic markets. Figure 1 shows the differences in time zones for
selected stock markets, while Table 2 illustrates the trading hours in selected countries and
stock markets.

Opening Price of ASEAN-5 at T

1PM 2PM 3PM 4PM 5PM 6PM 7PM 8PM 9PM 10PM 11PM 12AM 1AM 2AM 3AM 4AM 5AM 6AM 7AM 8AM 9AM 10AM11AM 12PM 1PM 2PM 3PM 4PM 5PM 6PM

UK (London) Spain - France (Paris) - Malaysia - Indonesia Philippines
- Germany - Italy - US (New York) - Singapore Thailand

Figure 1. Time zone differences. Source: www.tradinghours.com (accessed on 3 February 2021).

Table 2. Trading hours for stock indexes.

Universal Time

Stock Market Coordinated Local Time Malaysia Time
KLCI UTC+8 0900-1700 0900-1700
SGX UTC+8 0900-1716 0900-1716
SETI UTC+7 1000-1630 0900-1630
JKSE UTC+7 0900-1530 0800-1530
PSEi UTC+8 0930-1530 0930-1530
DJTA UTC-4 0930-1630 2130-0430
FTSE100 UTC+1 0800-1700 1500-0000
DAX UTC+2 0900-1730 1500-2330
CAC UTC+2 0900-1730 1500-2330
MIB UTC+2 0800-1742 1500-2342
IBEX UTC+2 0900-1735 1500-2335

Source: www.tradinghours.com (accessed on 3 February 2021).
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3. Methodology

Following Sheng and Tu (2000)’s utilisation of daily data for cointegration analysis,
the data used in the present study consist of stock indexes” daily closing prices for the US
Dow Jones Industrial Average (DJIA), the UK’s Financial Times Stock Exchange (FTSE100),
Germany’s Deutscher Aktienindex (DAX), France’s Cotation Assistée en Continu (CAC),
Italy’s Milano Indice di Borsa (MIB), and Spain’s Indice Bursatil Espafiol (IBEX). The daily
opening prices for ASEAN-5 stock indexes were also collected, consisting of data from
Malaysia’s Kuala Lumpur Composite Index (KLCI), Singapore’s Singapore Exchange (SGX),
Thailand’s Stock Exchange of Thailand (SETI), Indonesia’s Jakarta Stock Exchange (JKSE),
and the Philippine Stock Exchange (PESi). Figure 2 shows the stock prices collected from 2
January 2019, to 31 July 2020, split into two sets to investigate the relationship variations
before and during COVID-19, as follows:

1.  From 2 January 2019, to 10 January 2020 (before COVID-19 was reported outside
China);

2. From 13 January 2020, to 31 July 2020 (during and after COVID-19 spread outside
China).

| First case reported outside of China
§ (13th January 2020)

B g ; 0w

Figure 2. Movement of stock indexes from 2 January 2019 to 31 July 2020. Source: Bloomberg Trading
Terminal.

All variables representing stock indexes are presented in a natural logarithms (L). The
opening prices of ASEAN-5 stock indexes for Malaysia, Singapore, Thailand, Indonesia,
and the Philippines were recorded as LKLCI.O, LSGX.O, LSETL.O, LJKSE.O, and LPESi.O,
respectively. The .0’ represents the opening price. Variables representing stock closing
prices of the US, UK, Germany, France, Italy, and Spain were recorded as LDJIA, LFTSE100,
LDAX, LCAC, LMIB, and LIBEX, respectively.

The researchers commenced data analysis with descriptive statistics to obtain a general
overview of each variable’s distributional assumption and characteristics. Next, the analysis
involved a stationarity test in identifying the integration level of each variable. For this
purpose, the researchers employed the augmented Dickey—Fuller (ADF) and Phillips-
Perron (PP) unit root tests (Dickey and Fuller 1979; Phillips and Perron 1988). The long-run
analysis utilised the autoregressive distributed lag (ARDL) model. Although the ARDL
model does not require pre-testing for the unit root (Nkoro and Uko 2016), the ARDL is
deemed invalid if any variables are integrated beyond I(1). As long as the series integrates
within the I(0) and I(1) levels, the long-run cointegration analysis using the ARDL bounds
test by Pesaran et al. (2001) may proceed. Compared to other cointegration methods, such
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as the Engle-Granger two-step procedure (Engle and Granger 1987) and the Johansen
approach (Johansen 1988, 1991; Johansen and Juselius 1990) that required all variables to
be integrated at the same level of the first difference or I(1), the additional advantage of
ARDL is the ability to analyse the relationship among a group of variables with different or
mixed levels of integration, provided that no variables are integrated beyond the I(1) level
(Pesaran et al. 2001; Sari et al. 2008).

Furthermore, the ARDL method is also susceptible to small sample sizes. Moreover,
within the ARDL framework, the long- and short-run coefficients can be estimated simulta-
neously with fewer endogeneity-related considerations as the method is free from residual
correlation (Nkoro and Uko 2016). In addition, an error correction model (ECM) may be
derived from ARDL for short-run adjustments without losing any long-run information.
Theoretically, before further analysis, the selected ARDL models are evaluated in terms
of model adequacy and robustness tests based on a series of diagnostic tests, including
normality, autocorrelation, and heteroskedasticity. Ramsey’s regression equation specifica-
tion error test (RESET) and stability tests based on cumulative sum (CUSUM) and CUSUM
of square tests were other diagnostic tests conducted in this study. The final step was the
bounds test for cointegration and ARDL regression estimation for long-run analysis and
ECM-based ARDL estimation for short-run causality. The general model of the ARDL
bounds testing approach is as follows:

Ayr = ag+ aye—1 +aoxi 1 + 25 By + z?zoaijt_,- + g (1)

where y represents the ASEAN-5 stock indexes (LKLCL.O, LSGX.O, LSETI.O, LJKSE.O, or
LPESi.O) and x represents the US, UK, and European stock indexes (LDJIA, LFTSE100,
LDAX, LCAC, LMIB, and LIBEX). The unknown parameters to be estimated are «; and f;,
and 6;, p, and g is the optimal lag length selected based on the lowest Akaike information
criterion (AIC), and &; represents a white-noise error. The F-statistic was used for bounds
testing for cointegration with two asymptotic F-bound critical values: the lower bound,
I(0), and the upper bound, I(1). If the F-statistic value exceeds the upper bound critical
value, there is cointegration between the regress and a group of regressors in the model.
The result is inconclusive if the test statistic falls between the lower and upper bounds. On
the contrary, there is insufficient evidence to reject the null hypothesis if the test statistic
falls below the lower critical bound.

Hypothesis 1. Cointegration.

The following is the research hypothesis associated with Equation (1) on the long-run
cointegration relationship between ASEAN-5 stock markets with the US, UK, and Europe
stock markets.

Hp : @1 = ap = 0 (no cointegration)
Hi : a1 # &y # 0 (cointegrated)

As to the long-run regression analysis, the general form of the conditional ARDL

model is as follows:
ye=a+% By + Z] o Baixi—i + e )

Hypothesis 2. Long-Run Impact.

The following is the research hypothesis associated with Equation (2) on the long-run
impact of the US, UK, and European stock markets on ASEAN-5 stock markets.
Hy : Boi = 0 (no long-run impact)
Hj : Byi # 0 (long-run impact exists)
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The causal relationship between the prices of variables was tested by employing the
error correction model based on ARDL (ECM-ARDL), provided y; and x; are cointegrated
in the previous cointegration test. The equation for the ECM-ARDL model is as follows:

Ayt = ag + X0 iy + zjzo(sijt_ j+OECT, 1 +¢ 3)

where ECT;_1 is an error correction term derived from the cointegration test that represents
the performance of the dependent variable to the lagged deviation from the long-run
equilibrium path (Sari et al. 2008; Ozturk and Acaravci 2010). 6 denotes the coefficient of
ECT;_1 and represents the speed of adjustment towards long-run equilibrium. The symbol,
8, is theoretically assumed to be negative and presumed to be statistically significant. Where
the null hypothesis of no cointegration was not rejected, Equation (3) without the ECT;_;
was estimated, and the short-run causality from x; to y; was tested using an F-test or Wald
test.

Hypothesis 3. Short-Run Causality.

The following associated research hypothesis from Equation (3) is the hypothesis
testing on the short-run causality from the US, UK, and European stock markets on the
ASEAN-5 stock markets.

Hp : 6; = 0 (no short-run causality)
Hj : 9; # 0 (short-run causality exists)

4. Empirical Results

The data analysis process begins with a general overview of the data characteristics
using descriptive statistics. Table 3 summarises the descriptive statistics of 263 and 404
data points for observations before and during the COVID-19 pandemic. All variables
in this study are expressed in a natural logarithm (L) for better approximation to normal
distribution.

Based on Table 3, the mean values, although not significantly different for all variables,
are relatively minor during the pandemic compared to the pre-pandemic period, indicating
that the opening and closing of stock prices are affected by the onset of the COVID-19
outbreak. The same conclusion can be made for the standard deviation (SD), where all
stock prices experienced greater volatility during COVID-19 than before. The negative
skewness values indicate that almost all variables are skewed to the left, exhibiting a lack
of symmetric distribution. This negative skewness also indicates longer tails on the left
side of the distribution. The LKLCI, LSETI, LPSEi, and LMIB recorded positive skewness,
indicating longer tails on the right side of the distribution. The statistics also suggest
that more than half of the variables are leptokurtic (exhibited heavy-tailed distribution),
with a recorded kurtosis value (excess kurtosis) greater than 3. Meanwhile, the remaining
variables featured light-tailed distribution (platykurtic) with kurtosis values smaller than 3.
Further inspection using the normality test based on the Jarque—Bera test statistic showed
that almost all variables were non-normally distributed, except for LSGX, LPSEi, and LMIB
before the COVID-19 pandemic.

Table 4 summarises the unit root test results on the stationarity of variables series.
Before the pandemic, all variables are stationary at the first difference, I(1), except for
Singapore, the Philippines, and the UK stock markets, which are stationary at level I(0).
The ADF and PP tests produced similar results, except for Spain, where the ADF test
result was stationary at the first difference, while the PP test result was stationary at the
level before the pandemic. These mixed levels of integration, I(0) and I(1), reaffirm the
appropriate application of the ARDL model in analysing the cointegration relationship
between ASEAN-5 and the US, UK, and European stock markets.
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Table 3. Summary of descriptive statistics.

Variable COVID-19 Mean SD Skewness Kurtosis JB Obs
*%%
LKLCLO Before 7.396 0.027 0.153 1.891 14.517 263
During 7.361 0.067 —1.430 4904 198.602 *** 404
Bef 902 .02 —0.01 2.69 1.02 2
LSCX.O efore 5.90 0.026 0.015 696 025 63
During 5.850 0.095 —1.127 2.832 85.955 *** 404
LSETLO Before 7.402 0.027 0.354 2.846 5.763 263
During 7.331 0.118 —-1.411 4.331 163.960 *** 404
_ P
LJKSE.O Before 8.748 0.024 0.436 2.670 9.514 263
During 8.672 0.126 —-1.213 3.047 99.100 *** 404
LPSELO Before 8.975 0.019 0.020 3.258 0.746 263
During 8.891 0.137 —1.309 3.380 117.780 *** 404
— *3%
LDJIA Before 10.182 0.043 0.350 3.458 7.660 263
During 10.170 0.072 —1.257 6.080 266.103 *** 404
_ *%%
LFTSE100 Before 8.893 0.027 0.570 3.447 16.428 263
During 8.842 0.097 —1.259 3.503 111.043 *** 404
— *
LDAX Before 9.404 0.058 0.088 2.370 4.693 263
During 9.392 0.088 —1.083 4.669 125.853 *** 404
— *%%
LCAC Before 8.606 0.058 0.504 3.118 11.291 263
During 8.572 0.100 —0.828 3.289 47.601 *** 404
LMIB Before 7.643 0.061 0.086 2.400 4.266 263
During 7.612 0.108 —0.684 3.321 33.282 *** 404
— K
LIBEX Before 9.126 0.027 0.484 3.091 10.338 263
During 9.062 0.124 —1.1620 2.865 91.210 *** 404

Note: SD denotes standard deviation, JB denotes the Jarque-Bera test statistic for the normality test, and Obs is
the number of observations. *, **, and *** denote 10%, 5%, and 1% level of significance, respectively.

Table 4. Unit root test results.

ADF PP
Variable COVID-19 First First
Level Difference Level Difference

Before 1.724 —17.147 —1.730 —-17.119
LKLCLO (0.418) (0.000) (0.415) (0.000)
' Durin -1.821 —11.411 —1.794 —19.567
& (0.370) (0.000) (0.383) (0.000)

Befor —2.736 —2.951

Leexo ctore (0.069) (0.041)
' Durin —1.084 —11.994 —1.056 —19.758
& (0.723) (0.000) (0.734) (0.000)
Before —1.974 —15.646 —2.014 —15.638
LSETLO (0.298) (0.000) (0.281) (0.000)
' Durin —0.854 —10.198 —1.128 -21.110
& (0.802) (0.000) (0.706) (0.000)
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Table 4. Cont.
ADF PP
Variable COVID-19 Level First Level First
eve Difference eve Difference
Before —2.465 —15.992 —2.423 —15.997
LIKSE.O (0.125) (0.000) (0.136) (0.000)
’ Durin —0.882 —~18.546 —~1.061 —18.861
& (0.793) (0.000) (0.732) (0.000)
Before —3.463 —4.178
LPSELO (0.010) (0.001)
i.
Durin —0.850 —20.667 0.991 —20.709
& (0.803) (0.000) (0.758) (0.000)
Before -2.185 —18.476 —-2.132 —18.406
LDJIA (0.212) (0.000) (0.232) (0.000)
Durin —2.629 —2.769
8 (0.088) (0.064)
Before —3.441 —3.069
LFTSEL00 (0.011) (0.030)
Durin -1.077 —20.463 —-1.184 —-20.476
& (0.726) (0.000) (0.683) (0.000)
Before -1.712 —12.409 —1.685 —16.152
(0.424) (0.000) (0.438) (0.000)
LDAX Durin —2.316 —12.588 —2.495 —20.012
& (0.168) (0.000) (0.118) (0.000)
Before -2.052 —12.194 —2.046 —15.782
(0.265) (0.000) (0.267) (0.000)
LCAC
Durin —1.885 —12.396 —1.985 —20.243
& (0.339) (0.000) (0.293) (0.000)
Before —1.855 —12.555 —1.845 —15.905
(0.353) (0.000) (0.358) (0.000)
LMIB
Durin —1.942 -9.104 —2.206 —22.008
& (0.313) (0.000) (0.205) (0.000)
Before —2.432 —12.559 —2.951
(0.134) (0.000) (0.041)
LIBEX
Durin —0.956 —11.813 —1.046 —21.678
& (0.770) (0.000) (0.738) (0.000)

Note: ADF denotes augmented Dickey-Fuller, while PP is Phillips—Perron. Figures indicate the tau statistic.
Probability values are shown in parentheses.

Table 5 and Figures 37 present the model adequacy and robustness test results of the
selected ARDL models, a series of diagnostic tests conducted on the residual series. The
selected ARDL models were chosen based on the lowest AIC value. Nonetheless, most of
the ARDL models were severely affected by COVID-19, as shown by the diagnostic test
results on the autocorrelation and heteroskedasticity in the residual. ARDL models with
autocorrelation or heteroskedasticity problems are typically re-estimated by applying the
heteroskedasticity and the autocorrelation consistent (HAC) estimator. The results of the
RESET test, however, confirm that the ARDL regression models are correctly specified.
Moreover, the constancy of regression coefficients of the ARDL models is relatively stable,
as shown by the CUSUM tests depicted in Figures 3-7, regardless of the inconsistencies in
the variances of CUSUM of squares tests. The cointegration results are shown in Table 6.
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Table 5. Diagnostic tests.
Dependent 5 >
Variable JB *sc Het RESET
Before 3.049 3.825 15.26 1.475973
LKLCL.O ;
During 253.972 *** 0.461 103.843 *** 0.202401
Before 0.065 4.96* 11.434 0.002576
LSGX.O -
During 134.657 *** 37.25 106.312 *** 2.625971
Before 4.942 * 0.272 10.41 0.874972
LSETL.O .
During 2536.082 *** 16.976 *** 149.669 *** 0.073793
Before 47.840 *** 0.918 29.733 *** 3.33086
LJKSE.O ;
During 518.351 *** 14.323 *** 177.874 *** 1.152137
Before 36.112 *** 9.026 ** 6.825 0.32121
LPSEi.O -
During 6297.049 *** 14.489 *** 104.472 *** 0.072624

Note: *, **, and *** indicate 10%, 5%, and 1% significance levels, respectively. x%c denotes the autocorrelation
test statistic based on the Lagrange multiplier for serial correlation test, x%,,, represents the heteroskedasticity
test statistic based on the White test, JB stands for the Jarque—Bera normality test statistic, and RESET denotes
Ramsey’s regression equation specification error test statistic.
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Figure 3. Plots of CUSUM and CUSUMSQ for LKLCI.O model before (left panel) and during (right

panel) COVID-19.
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Figure 4. Plots of CUSUM and CUSUMSQ for LSGX.O model before (left panel) and during (right
panel) COVID-19.
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Figure 5. Plots of CUSUM and CUSUMSQ for LSETI.O model before (left panel) and during (right
panel) COVID-19.
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Figure 6. Plots of CUSUM and CUSUMSQ for LJKSE.O model before (left panel) and during (right
panel) COVID-19.
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Figure 7. Plots of CUSUM and CUSUMSQ for LPESi.O model before (left panel) and during (right
panel) COVID-19.
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Table 6. ARDL bounds test results.
Critical Value (5%)
Dependent COVID-19 F-Stat °
Variable 1(0) 1(1)
Before 1.729
LKLCI.O 2.27 3.28
During 4.205 **
Before 2.511 507 398
LSGX.O . .
During 5.597 **
Before 0.960
LSETI.O 2.27 3.28
During 2.640
Before 2.903
LJKSE.O 2.27 3.28
During 3.651 **
Before 3.845 **
LPSEi.O 2.27 3.28
During 4.879 **

Note: *, **, and *** denote 10%, 5%, and 1% significance levels, respectively. The selection of the best ARDL model
is based on the lowest AIC value. The ARDL models with autocorrelation and/or heteroskedasticity problems are
estimated using the heteroskedasticity and autocorrelation consistent (HAC) estimator. F-Stat stands for F-statistic.
All dependent variables are in first-difference form.

Before COVID-19, the bounds test failed to reject the null hypothesis of no cointegra-
tion (research hypothesis 1), except for LPSEi.O (Philippines). In other words, there is no
indication of cointegration relationships between LKLCI.O (Malaysia), LSGX.O (Singapore),
LSETI.O (Thailand), and LJKSE.O (Indonesia) and the LDJIA (US), LFTSE100 (UK), LDAX
(Germany), LCAC (France), LMIB (Italy), and LIBEX (Spain). The Philippines market is
the only exception, where evidence of a cointegration relationship was revealed through
the bounds test. However, during and after the onset of COVID-19, almost all ASEAN-5
markets were cointegrated and moved in tandem with the US, UK, and European markets,
except for Thailand. These results are partially in line with past empirical findings of a
weak or no relationship between stock markets worldwide before the crisis, with significant
relationships during the pandemic (Chan et al. 1992; Cho 2014; Eun and Shim 1989; Jang
and Sul 2002; Junior and De Paula Franca 2012; King 2001; Malliaris and Urrutia 1992; Nobi
et al. 2014; Sheng and Tu 2000; Akhtaruzzaman et al. 2021, 2022). The only difference is that
past studies (except Akhtaruzzaman et al. 2021, 2022) focused on the economic or financial
crisis and close-to-close price relationships, while the present study focuses on the recent
COVID-19 pandemic and close-to-open price relationships. Further, Table 7 shows the
associated long-run regression coefficients in the present study.

Based on Table 7, related to research hypothesis 2, the LDJIA, LFTSE100, LDAX, and
LCAC significantly influenced the LKLCL.O during COVID-19. However, similar evidence
was not found for LMIB and LIBEX. The LSGX.O was significantly influenced by the
LFTSE100 and LIBEX but not the LDJIA, LDAX, LCAC, and LMIB. Further, the LFTSE100
and LIBEX significantly influenced the LJKSE.O. However, evidence of the significant
influence of the LDJIA, LDAX, LCAC, and LMIB on LJKSE.O was not found.

A comparison of all stock market indexes” opening prices in ASEAN-5 markets in-
dicates that only the LPSEi.O was cointegrated with the closing prices of the US, UK,
and European markets before and during COVID-19 (see Table 6). Before the COVID-19
pandemic, the LFTSE100, LCAC, LMIB, and LIBEX significantly influenced the LPSEi.O, as
shown in Table 6. Interestingly, only the LDJIA, LFTSE100, and LDAX were found to be
significant during the pandemic.
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Table 7. ARDL long-run coefficients.
Dependent Variable
LKLCI.O LSGX.0 LJKSE.O LPSEi.O* LPSEi.O
-1.931 0.106 0.399 —0.419 —1.256
LDJIA [—2.363] [0.526] [0.803] [1.025] [—2.507]
(0.019) (0.599) (0.423) (0.306) (0.013)
1.488 0.685 1.095 0.838 1.768
LFTSE100 [2.981] [4.024] [2.576] [3.287] [4.429]
(0.003) (0.000) (0.010) (0.012) (0.000)
2.211 —0.115 0.228 0.320 1.018
LDAX [3.829] [0.793) [0.621] [1.385] [2.795]
(0.000) (0.428) (0.535) (0.167) (0.005)
—1.953 —0.182 —0.576 —1.068 —0.659
LCAC [—2.915] [—0.763] [—0.955] [—3.135] [0.290]
(0.004) (0.446) (0.340) (0.002) (0.226)
0.407 0.055 —0.639 0.704 —0.143
LMIB [0.667] [0.260] [—1.100] [—0.822] [0.290]
(0.505) (0.795) (0.272) (0.025) (0.772)
0.101 0.376 0.790 —0.139 0.380
LIBEX [0.270] [2.824] [2.383] [3.997] [1.253]
(0.787) (0.005) (0.018) (0.000) (0.211)

Note: Figures in [ ] and () indicate the t-statistic and probability value, respectively. LPSEi.O* represents the
pre-COVID-19 period.

The regression coefficients further suggest that Malaysia’s and the Philippines’ opening
prices were exposed to changes in the US stock market during the COVID-19 pandemic.
Every 1% change in LDJIA, the LKLCL.O and LPSEi.O responded negatively by 1.93% and
1.25%, respectively. In this regard, both countries’ stock markets display results similar
to those experienced by Japanese traders during the October 1987 Black Monday stock
market crash (Hamao et al. 1990; King and Wadhwani 1990). These findings suggest
that investors and traders in Malaysia and the Philippines should further monitor all
buying and selling activities and make trade decisions during the opening bell. However,
the insignificant effect on the Singapore, Thailand, and Indonesia stock markets in the
present study contradicted the findings in previous studies that claimed the US market
was the most influential and top information provider that may directly influence other
markets (Arshanapalli and Doukas 1993; Bessler and Yang 2003; Hassan and Naka 1996;
Schollhammer and Sand 1985).

An interesting finding was observed in the UK stock market, in which the market’s
closing prices significantly influenced the opening prices in all ASEAN-5 stock markets
during COVID-19. The Philippines market is the most responsive to changes in the closing
prices of the UK stock market. For every 1% change in the LFTSE100, the LPSEi.O responded
positively by 1.76%, LKLCI.O by 1.48%, LJKSE.O by 1.09%, and LSGX.O by 0.68%. In
addition, a 1% change in the LFTSE100 led to a 0.83% change in LPSEi.O before COVID-19.
As the situation worsened and the number of COVID-19 cases increased in the UK, investors
and traders monitored buying and selling activities more closely on the island than in
the US. The empirical findings also demonstrate that the German stock market closing
prices significantly influenced the opening prices of the Malaysian and Philippines stock
markets during COVID-19. The magnitude of this relationship is such that for every 1%
change in the LDAX, the LKLCI.O and LPSEi.O responded positively by 2.21% and 1.01%,
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respectively. Moreover, France’s stock market closing prices also significantly influenced
the opening prices of Malaysia’s stock market during COVID-19, and the Philippines’
stock market before COVID-19, with every 1% change in the LCAC triggering a negative
response by 1.95% and 1.06% in the LKLCL.O and LPSEi.O, respectively.

The closing prices of the Italy stock market only significantly influenced the opening
prices of the Philippines stock market prior to COVID-19. On the other hand, the closing
prices of the Spain stock market during COVID-19 significantly influenced the opening
prices of the Singaporean and Indonesian stock markets. The estimated coefficients demon-
strate that for every 1% change in the LMIB, the LPSEi.O changed by 0.70%, and for every
1% change in the LIBEX, the LSGX.O and LJKSE.O responded positively by 0.37% and
0.79%, respectively. Meanwhile, the LPSEi.O responded negatively to a 1% increase in
LIBEX by 0.13%.

As to research hypothesis 3, further analysis of the causal impact of the US, UK, and
European stock markets on ASEAN-5 stock markets using the causality test provides
fascinating findings, as evident in Table 8. The results show that changes in the US, UK,
and European stock markets during COVID-19 significantly caused changes in Malaysia’s
stock market. In contrast, only the UK and Spain stock markets exhibited significant causal
impacts on the Malaysia stock market prior to COVID-19. In other words, the behaviour
of the Malaysian stock market depends on the behaviour of the US, UK, and European
stock markets. The significance of the ECT coefficient from the bounds test re-confirms the
existence of long-run cointegrations during COVID-19. The ECT value of —0.050 indicates
that 5.0% of the deviation from the long-run equilibrium is corrected each day for about 20
days (1/6).

Table 8. Short-run causality test results.

Dependent

X COVID-19  LDJIA LFTSE100 LDAX LCAC LMIB LIBEX ECT
Variable
Before 1.614 2.960 1.888 1.238 1.051 3.276 ]
(0.187) (0.0329) (0.154) (0.267) (0.306) (0.072)
LKLCLO
Durin 15.417 9.369 19.248 6.748 3.652 4344 0,050+
& (0.000) (0.000) (0.000) (0.010) (0.027) (0.014) :
Before 15.223 10.022 3.024 7.734 8.647 3.010 ]
(0.000) (0.002) (0.050) (0.006) (0.004) (0.084)
LSGX.0
Dutin 18.554 6.082 6.212 0.068 3.116 7.723 0133
5 (0.000) (0.001) (0.000) (0.795) (0.078) (0.000) :
Before 13.020 0.884 0.002 3.024 2.504 0.250 ]
(0.000) (0.348) (0.964) (0.303) (0.060) (0.618)
LSETLO
Dutin 15.074 13.613 11.621 1.547 6.336 2.044 ]
8 (0.000) (0.000) (0.000) (0.214) (0.000) (0.107)
Befor 6.712 0.287 3.824 2.751 0.887 6.482 ]
ctore (0.000) (0.593) (0.011) (0.043) (0.347) (0.012)
LJKSE.O
] Durin 7.426 8.686 1.780 3.173 1.687 3.287 oa7g
8 (0.000) (0.000) (0.170) (0.024) (0.186) (0.021) :
1211 9.374 2.757 7.295 3.817 0.650 -
Before (0.272) (0.002) (0.065) (0.007) (0.011) (0.421) 0.153
LPESi.O
! Dutin 10.793 8.187 9.230 1.407 3.712 1.453 01044
5 (0.000) (0.000) (0.000) (0.236) (0.025) (0.229) :

Note: Figures indicate the F-statistic value. Probability values are shown in parentheses. *** denotes significance
at a 1% level. ECT is an error correction term and is only applicable to the models in the presence of cointegration.
All variables are in first-difference form.

Changes in the Singapore stock market were significantly caused by the movement
of prices in the US, UK, and European stock markets before and during COVID-19. This
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finding is quite surprising considering other markets in ASEAN-5. An exception was
detected in France (LCAC), where the stock market movement only affected Singapore
during COVID-19 but not prior to it. This finding indicates that countries with more
developed or advanced markets are more exposed to and dependent on the US, UK, and
European stock market behaviour. During COVID-19, the ECT coefficient value recorded
at —0.133 implies that the long-run equilibrium discrepancy is corrected at 13.3% daily for
about 7.5 days. The Thailand stock market was less affected by changes in the UK and
European stock markets prior to COVID-19 but more vulnerable during COVID-19. The
results statistically showed that only changes in the US and Italy stock markets significantly
triggered movements in the Thailand stock market prior to COVID-19. On the other hand,
changes in the Thailand stock market were significantly caused by the behaviour of the
US, UK, and almost all European stock markets except France and Spain. Due to the lack
of evidence of long-run cointegration in the Thailand stock market before and during
COVID-19, the ECT is irrelevant.

Statistically, the US, France, and Spain stock markets also significantly influenced the
Indonesian stock market before and during COVID-19. Moreover, the Indonesian stock
market is also significantly influenced by changes in the German stock market prior to
COVID-19 and the UK during COVID-19. On the other hand, the Philippines stock market
is significantly affected by changes in the UK, Germany, and Italy stock markets before
and during COVID-19. Additionally, before COVID-19, changes in the Philippines stock
market were significantly caused by movements in the France stock market. Meanwhile,
during COVID-19, changes in the US stock market significantly caused movements in the
Philippines. This finding implies that Indonesia and the Philippines’ stock markets are
also affected by the behaviour of the US, UK, and European stock markets. In the case of
the Indonesian market during COVID-19, the significant ECT coefficient value of 0.078
indicates that a 7.8% deviation for long-run equilibrium was corrected each day for about
12.8 days.

Meanwhile, across all ASEAN-5 stock markets, the Philippines is the only market
where long-run cointegration had been established before and during COVID-19. The
associated ECT coefficient values are —0.153 and —0.104 before and during COVID-19,
respectively. These values indicate that prior to COVID-19, a 15.3% deviation from the
long-run equilibrium was corrected each day for about 6.5 days. During COVID-19, a
10.4% deviation from the long-run equilibrium was corrected each day for about 9.6 days.
The adjustment speed of the correction rate towards long-run equilibrium is longer during
COVID-19 compared to the pre-pandemic period.

Table 9 shows the bivariate Granger causality test employed by the researchers for
a robustness check of the empirical results regarding the long-run impacts and causal
relationships. The additional causality analysis is between the US, UK, and European stock
markets before and during the COVID-19 pandemic. None of the changes in the US, UK,
and European stock markets (except France) caused changes in the stock markets between
the three regions before the pandemic, even though these countries are located nearby and
share a history of economic and trade relations. Even the US, the most prominent leader in
stock market information, did not cause a change in the UK and European stock markets
before the pandemic.

However, during the COVID-19 pandemic, the US stock market significantly influ-
enced the UK and European stock markets. Meanwhile, the UK stock market changes
significantly affected the Germany, France, Italy, and Spain stock markets. Further, changes
in the French stock market led to changes in the US, UK, Germany, Italy, and Spain stock
markets. Changes in the Italy stock market significantly caused stock market changes in the
US, UK, and France. In addition, stock market changes in the UK, France, Germany, and
Italy were significantly affected by the Spanish stock market. Among all the European stock
markets, Germany is the only market statistically insignificant in causing changes in other
stock markets, including the US and UK. These empirical results indicate the potential
effect of the pandemic in creating contagion channels through financial markets. Financial
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market changes in the US, UK, and Europe are transmitted into ASEAN-5 markets due to
similar patterns observed in the causal relationships between the ASEAN-5 stock markets
with stock markets in the three regions.

Table 9. Bivariate short-run causality test results—US, UK, and Europe.

Dependent

. COVID-19 LDJIA LFTSE100 LDAX LCAC LMIB LIBEX
Variable
Before B 1.754 0.687 6.434 ** 0.056 0.058
LDJIA :
During 16.682 11.044 20.936 ** 32.509 *** 13.180
Before 0.025 0.658 2.103 2.103 0.682
LFTSE100 ) -
During 39.272 *** 6.380 17.723 * 19.398 * 18.430 *
Before 0.146 1.320 0.784 0.155 0.093
LDAX - -
During 38.799 *** 27.672 *** 23.775 ** 14.568 20.598 **
Before 0.028 0.861 0.283 0.044 0.001
LCAC - -
During 53.819 *** 20.536 ** 7.183 18.229* 19.612 *
Before 0.182 0.062 0.013 0.175 0.286
LMIB _
During 53.974 *** 18.988 * 10.716 20.088 ** 17.280 *
Before 0.000 1.141 0.013 0.197 0.026
LIBEX : -
During 44,345 *** 19.477 * 13.866 19.077 * 16.106

Note: Figures indicate chi-square based on Granger causality. *, **, and *** indicate 10%, 5%, and 1% significance
levels, respectively. Lag length criteria are based on the Akaike information criterion, and all variables are in
first-difference form.

In summary, the empirical findings based on cointegration and causality analyses
provide strong evidence of the contagion between markets more significantly during the
COVID-19 pandemic, in line with Akhtaruzzaman et al. (2021, 2022).

5. Conclusions

COVID-19 is a global pandemic with far-reaching effects in various countries. This
study investigated the impact of the US, UK, and European stock markets’ closing prices
on the opening prices of ASEAN-5 stock markets before and during COVID-19. This
study is significant for fund managers and market participants in ASEAN-5 due to the
differences in time zones and the lead-lag relationship between the leading stock markets.
The data analysed using the ARDL bounds test and causality approach indicate that only
the Philippines stock market’s opening prices cointegrated with the US, UK, and European
stock markets before COVID-19. However, during COVID-19, all ASEAN-5 stock markets
cointegrated with the US, UK, and European stock markets implying a contagion effect
between markets, except Thailand. This statistical evidence of contagion suggests that any
event in the US, UK, or Europe will affect the opening prices of stock market indexes in
ASEAN-5 and practical considerations in making decisions for portfolio diversification
strategies.

This study utilises the opening prices of ASEAN-5 stock markets, contrary to most
previous studies that used the settlement or closing prices. King and Wadhwani (1990) and
Hamao et al. (1990) agreed that the opening prices contain beneficial information, especially
for countries with different time zones. The results indicate that investors and traders in
Asian countries are vulnerable and exposed to the significant risk caused by the movement
in the US, US, and European stock markets, especially in times of crisis. As the time zone
differences cannot be changed, investors and traders should monitor the developments
in the US, UK, and Europe or diversify their portfolio in foreign markets with minimal or
no cointegration with the leading markets to mitigate and manage risks. In this regard,
Granger and Morgenstern (1963) claimed that markets are not likely to be independent of
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major worldwide crises, such as a global economic or financial shock, pandemic (health)
crisis, or war.

This study includes the effects of the COVID-19 pandemic since many stock indexes
moved in tandem during the disaster. Future studies should consider the time factor
limitations of this study to cover the relationship between the leading stock markets before,
during, and after COVID-19 over an extended period. A post-crisis investigation based
on the reaction of leading stock markets worldwide to vaccination against COVID-19 will
provide valuable insights for future stock market transactions.
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