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Abstract: This study examines the volatility transmission among four emerging financial
markets in the ASEAN region, comprising Thailand, Malaysia, Indonesia and the
Philippines, during quantitative easing (QE) and quantitative tightening (QT) policies. A
copula-based GARCH model is used to investigate the relationship among the volatility
of stock market returns in these four countries and to explore the relationship among
their exchange rate returns. Daily data were divided into two periods: the QE period
covered 23/3/2020-15/3/2022, and the QT period covered 16/3/2022-13/2/2023.
The findings show the relationship among the volatility of stock market returns across
four countries, revealing that upper-tail dependence is more prominent during periods
of QE than QT. Furthermore, the volatility of exchange rate returns across countries
tends to correlate more during periods of QT. This study provides empirical evidence
of integration among the financial markets of the four countries, and findings that
are valuable for portfolio management. Investors seeking yields in ASEAN’s emerging
financial markets should closely monitor the Federal Reserve’s monetary policy, parti-
cularly during periods of QT, which pose a higher risk of unexpected negative returns.
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1. Introduction

In March 2020, the US Federal Reserve (FED) adopted an unconventional monetary
policy measure called quantitative easing (QE) to mitigate the economic effects of
the COVID-19 pandemic. Subsequently, in 2022, the FED transitioned to quantitative
tightening (QT) to address inflation. These policies significantly impacted global stock
markets (Beirne et al., 2020; Canuto, 2022; World Bank Group, 2020). The QE policy
created liquidity in international financial markets, instilled confidence among investors,
and stimulated investments in stock markets. Both advanced and emerging economies
benefited from capital inflows (Beirne et al., 2020; Cortes et al., 2022). Conversely,
the QT policy reduced the liquidity of the US dollar in the global economy and led
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to the appreciation of the US dollar (International Monetary Fund, 2022). The FED’s
ongoing tightening of monetary policy, marked by incremental interest rate hikes, has
adversely affected emerging markets and developing economies (EMDEs), leading to
currency depreciation against the US dollar, and a reduction in domestic consumption
and investment. Additionally, it has influenced stock market investments, resulting
in lower equity prices (Arteta et al., 2022). The changing monetary policies of the US
can considerably impact economies, currency exchange markets, and stock market
investments in emerging markets and other nations.

The FED’s implementation of QE and QT policies impacted global financial markets
and currency valuations through several mechanisms. QE, characterised by central
banks increasing money supply through large-scale asset purchases, typically leads to
lower interest rates, increased liquidity, and often results in higher stock prices and
weaker domestic currencies, with the dollar depreciating. Conversely, QT, involving
the reduction of money supply, generally results in tighter monetary conditions or
higher interest rates, potentially leading to lower stock market valuations and stronger
domestic currencies, with the dollar appreciating.

The MSCI index, developed by Morgan Stanley Capital International (MSCI) to
reveal the performance of diverse stock markets across different periods provides
information that guides stock market investments and portfolio management. Figure
1 shows the MSCI Price Index in US Dollars (closing price) for MSCI World, MSCI
Emerging Markets, and MSCI Frontier Markets from January 2016 to February 24,
2023. It covers the performance of each market group during the period marked by
the FED’s implementation of both QE and QT measures. Specifically, from October
2017 to August 2019, the FED implemented QT measures following the completion of
the QE3 program (Smith & Valcarcel, 2023). Following the COVID-19 pandemic crisis,
an unlimited QE measure was introduced on March 23, 2020, to tackle the economic
downturn (Rebucci et al., 2022). As the crisis eased, the FED initiated QT measures,
raising the policy rate by 0.25% in March 2022, with plans for subsequent interest rate
hikes to address domestic inflation concerns (Arteta et al., 2022). Figure 1 shows that
the announcement of the unlimited QE policy substantially increases investments across
all market groups. Conversely, during the QT policy periods, the price index of Emerging
and Frontier markets demonstrated a downward trend. Arteta et al. (2022) observed
that Emerging and Developing Economies (EMDEs) were affected by an increase in the
US interest rates after March 2022. This resulted in a decrease in the stock market index
and currency depreciation in each country.

Figures 2 and 3 show the stock market indices and exchange rate data of four
emerging market countries in ASEAN, comprising Thailand, Malaysia, Indonesia and the
Philippines, during the period from March 2020 to February 2023, respectively. Figure
2 displays daily closing prices for stock market indices in these four countries, showing
a decline before March 23, 2020. This decline was influenced by the World Health
Organization’s (WHO) declaration of the COVID-19 situation on March 11, 2020, which
led to a worldwide economic slowdown (ASEAN, 2020). The FED’s announcement of
unlimited QE on March 23, 2020 (Rebucci et al., 2022) was followed by an immediate
rise in all stock market indices. This reaction reflected the impact of the FED’s policy
on investments, despite the ongoing challenges posed by the COVID-19 pandemic.
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Figure 1. MSCI price index in US dollars (January 2016 to February 2023)
Source(s): Authors.
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Figure 2. Stock market indices of ASEAN emerging markets
Source(s): Authors.
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Figure 3. Exchange rates of ASEAN emerging markets
Source(s): Authors.

The plan to increase the policy rate was announced on March 16, 2022. Subsequently,
fluctuations, including both increases and decreases, were observed in the stock market
indices of Thailand, Malaysia, Indonesia and the Philippines. However, over the period
from March 16, 2022 to February 13, 2023, these indices did not consistently show an
upward trend.

Figure 3 shows daily exchange rates for Thailand (one US dollar to Thai baht
[THB]), Malaysia (one US dollar to Malaysian ringgit [MYR]), Indonesia (one US dollar to
Indonesian rupiah [IDR]), and the Philippines (one US dollar to Philippine peso [PHP]).
Following the announcement of the unlimited QE policy, all four currencies immediately
appreciated against the US dollar. Subsequently, after the FED’s interest rate hike policy
announcement, these currencies promptly depreciated against the US dollar.

From the above discussion, the implementation of QE and QT policies by the Fed
evidently affected the financial markets of emerging ASEAN countries. Therefore, this
study explores the volatility transmission among emerging financial markets in the
ASEAN region during the QE and QT policy periods. Specifically, it investigates the stock
and foreign exchange market relationships among four emerging market economies
in ASEAN (Thailand, Malaysia, Indonesia and the Philippines), based on the MSCI All
Country World Index (MSCI ACWI Index) market allocation (MSCI, 2023). Daily data
from both the stock and exchange rate markets were used. We divided the data into
two periods: The first period spans from March 2020 to March 2022, coinciding with
the QE policy, while the second period covers March 2022 to February 2023 and
corresponds to the QT policy. A copula-based Generalized Auto Regressive Conditional
Heteroskedasticity (GARCH) model was employed to analyse these relationships.
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This study highlights several key findings regarding stock market volatility in the
four countries during these two periods. First, the relationship among volatilities varies
between periods. During the QE period, all four markets showed a positive relationship
in terms of volatility, with most market pairs showing a stronger relationship in the
upper tail than in the lower tail. Significantly, during the QE period, the upside risk
relationships among certain market pairs were stronger than the downside risk relation-
ships. During the QT period, the stock market volatility in all four markets shows a
consistent directional change. Significantly, for market pairs, such as Thailand-Malaysia,
Thailand-Indonesia, Thailand-Philippines and Malaysia-Indonesia, the upper tail
dependence (t,) decreases while the lower tail dependence (t,) increases compared
to the QE period. This indicates that during the QT period, investors in these markets
collectively face increased exposure to downside risk compared with the QE period.
Therefore, when comparing periods with substantial dollar liquidity and QE measures
with periods with QT measures, investors must concentrate on dealing with uncertain
negative returns. Consequently, the insights from this study are valuable for making
investment decisions in each market and effectively managing investment portfolios.

Second, regarding the exchange rate relationship across all four countries, during
the implementation of the FED’s QT policy, the volatility in exchange rate changes be-
tween Thailand-Malaysia, Thailand-Indonesia, Thailand-Philippines, Malaysia-Indonesia,
Malaysia-Philippines and Indonesia-Philippines showed a consistent directional shift.
Moreover, the level of correlation increased compared to the QE policy period, suggest-
ing a trend of closer alignment in capital movement volatility among countries during
the QT policy. This underscores the importance of investors closely monitoring the
direction and alignment during this period.

This study stands out from prior research by analysing both periods of QE and QT
policies. It reveals the distinct impacts on the relationships among ASEAN emerging
economies’ stock markets and the exchange rate relationships for each country under
both QE and QT regimes. These findings will be beneficial to investors in managing
their investment risks in each country. When dollar liquidity in the market decreases
due to the FED’s QT policy, investors who diversify their investments into various stock
markets must be cautious, as they face the simultaneous occurrence of two events: the
depreciation of each country’s currency and the challenge of uncertain negative returns
in stock market investments.

The remainder of this paper is organised as follows: Section 2 reviews the relevant
literature on financial integration and volatility transmission in ASEAN and non-ASEAN
markets. Section 3 describes the methodology used, including the ARMA-GARCH model
and copula model. Section 4 details the data used in this research. Section 5 presents and
analyses the results, and discusses the findings. Finally, Section 6 concludes the research.

2. Literature Review

Financial market integration has become a significant phenomenon in the global econ-
omy with markets moving together worldwide. Patel et al. (2022) explored financial
market integration in which markets move together and exhibit similar behaviour in
risk-adjusted returns. This concept encompasses various market types such as bonds,
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commodities, stocks and foreign exchange, along with phenomena such as volatility
transmission and contagion effects during crises. Chai and Rhee (2005) highlighted that
the conditions for financial integration require free movement of capital and integrated
financial services, while Click and Plummer (2005) illustrated the advantages of regional
stock market integration for external investors, including enhanced convenience,
reduced transaction costs and increased liquidity. However, such an integration may
also lead to correlated movements, potentially reducing the diversification benefits for
investors outside the region.

In the ASEAN region, various aspects of the relationship between different markets
have been studied, particularly exchange rates and stock markets. Rufino (2018) and
Jantarakolica and Jantarakolica (2018) found evidence of exchange rate integration
among ASEAN countries. Rufino (2018) employed pairwise Granger causality to analyse
exchange rate relationships among seven countries (Brunei Darussalam, Indonesia,
Japan, Korea, the Philippines, Singapore and Thailand), revealing dependencies
between currency pairs. Jantarakolica and Jantarakolica (2018) used CCC-MGARCH
to study exchange rate volatility among Malaysia, Singapore and Thailand, revealing
evidence of integration between Thailand-Singapore, Thailand-Malaysia and Singapore-
Malaysia exchange rates. Similarly, Shahrier (2022) detected ASEAN-5 exchange rate
co-integration during the COVID-19 pandemic through vector error correction model
(VECM), revealing interdependence among Indonesia, Malaysia, the Philippines,
Singapore and Thailand. Collectively, these findings offer evidence of exchange rate
integration among ASEAN member countries.

Research on stock market integration in the ASEAN region has yielded mixed
results. Click and Plummer (2005) analysed data from five major ASEAN stock indices
and concluded that while the stock markets in Malaysia, the Philippines, Singapore
and Thailand exhibit integration, it remains partial. Using the monthly closing prices of
ASEAN stock indices and non-ASEAN markets, Janor and Ali (2007) found that, while
some ASEAN markets are integrated, others are linked to non-ASEAN markets. However,
the study noted that complete integration is hindered by factors, such as national
borders. Both studies provide evidence of stock market integration but suggest that it
remains incomplete.

Furthermore, previous studies have examined volatility transmission across
ASEAN stock markets using advanced models such as GARCH and copula to analyse
volatility dynamics and dependence structures. Sriboonchitta et al. (2014) used daily
data from the stock markets of Indonesia, the Philippines, and Thailand, and revealed
that market pairs, such as Indonesia-Philippines, Indonesia-Thailand and Philippines-
Thailand, exhibited co-movement and tail dependence. Duong and Huynh (2020) used
weekly data from the stock markets of Indonesia, Malaysia, the Philippines, Singapore,
Thailand and Vietnam, and showed that all market pairs exhibited dependence, with
the relationship between Vietnam and the other markets being relatively weak.
Furthermore, Pongkongkaew et al. (2020) discovered dynamic co-movement in the
stock markets of the five countries — Indonesia, Malaysia, the Philippines, Singapore and
Thailand. These studies consistently found evidence of volatility transmissions across
stock markets in the ASEAN region, and noted significant global events that affected
financial markets during their observation periods. Similarly, Mulaahmetovic (2022)
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discussed various events during the global financial crisis (2007-2008) and noted that
guantitative easing measures by the FED significantly impacted on global financial
markets. This observation highlights the importance of considering external factors and
monetary policies when studying financial market integration in the ASEAN region.

This literature review reveals substantial evidence of financial market integration
in the ASEAN region, particularly in exchange rates and stock markets. The integration
appears to be partial and influenced by both regional and global factors such as
financial crisis, the COVID-19 pandemic, and unconventional policies by the FED. How-
ever, a gap in the existing literature has been identified: no previous studies compare
the relationships between emerging ASEAN financial markets during the periods of QE
and QT policy implementation by the FED. Specifically, it remains unclear how these
two policies affect market relationships in similar or different ways. Therefore, this study
aims to examine volatility transmission among the financial markets of emerging ASEAN
countries: Indonesia, Malaysia, the Philippines and Thailand.

3. Methodology

3.1 ARMA(p,q)-GARCH(1,1) Model

This study uses an ARMA(p,q)-GARCH(1,1) model to analyse the volatility in each time-
series dataset, including stock market index and exchange rate returns. The ARMA
(p,9)-GARCH (1,1) model is shown in Equations (1)—(3), which represent the general
equations of the model.

Ve=p+ 20y, +25.b s+ (1)
& = ZeJhe ,zp ~ D(0,1) (2)
he = o+ ayef_y + Brhey (3)

Equation (1) represents the mean equation where y, represents stock market index
returns and exchange rate returns at time t. Here, u is the constant term, while a; and
b; are autoregressive coefficients and moving average coefficients, respectively. Here, p
and g indicate the lag orders of the autoregressive and moving averages, respectively.
Finally, €, denotes the innovations or residuals of the time series data.

Equations (2) and (3) represent the variance equation, where &, appears as the
product of h, the conditional variance, and z, the standardised residuals. In this
context, z, is defined as a random variable exhibiting an independent and identically
distributed (i.i.d.) process, accommodating diverse data distributions D, such as normal,
skewed normal, Student t and skewed Student t. As the exact data distribution pattern
is unknown, we chose to test various data distributions that could measure normality,
tail distribution and kurtosis.

Equation (3) illustrates the GARCH(1,1) process with the conditions w > 0, a; 2
0, and B, 2 0. These conditions confirm that the values of h, are positive and adhere
to the properties outlined in Equation (2). Additionally, a; + B, < 1 verifies that the
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data analysed using the GARCH(1,1) process exhibit stationarity and conform to the
characteristics of the GARCH(1,1) model. Regarding the terms a;e2 ; and B h._;, a;
indicates the magnitude of the persisting impact resulting from short-term shocks,
while B, signifies the level of persistence of the impact arising from long-term shocks.
Considering the value of a; + B, if the sum is close to 1, it implies that the effects of
shocks will persist in the long term (Chang & McAleer, 2012).

3.2 Copula Model

The random variable from the appropriate ARMA(p,q)-GARCH(1,1) model of each
time-series dataset is used for the relationship analysis using a copula model that
examines the interdependence between random variables. Copulas require the data
to be transformed into a uniform distribution within the [0,1] interval. The marginal
distribution of each variable, whether identical or different, must be known. Further-
more, random variables are assumed to follow an i.i.d. process (Patton, 2006). To
validate this assumption, the Kolmogorov-Smirnov (K-S) test is used to confirm the
uniform distribution of the random variables, while the Box-Ljung test was employed to
empirically assess the i.i.d. property.

Following Sklar’s theorem (Sklar, 1959), as explicated by Nelsen (2006), a copula
function is employed to model the dependence structure between the marginal
distribution functions of the random variables and their joint distribution.

Let X and Y be continuous random variables with a joint function for (X,Y).
H(x,y) =Pr[X <x,Y <y] (4)

Then, the marginal distributions of X and Y are F(x) = H(X,o2) and G(y) = H(ee,Y), respec-
tively.

Following Sklar’s theorem,

H(x,y) = C(F(x),G(y)) (5)
where C is a copula.
If H has continuous marginals F and G, then, the copula in Equation (5) is:

Cw,v) =H(F*(w), 6 '(v)) (6)

where F() (u) and G(™) (v) are quantile functions. Given a parametric c,, then, the joint
density ¢, is obtained from:

o = 9*Co(F(x), G()
o= 0xdy

(7)

where 0 represents the copula parameter. To estimate the copula parameter, the
maximum pseudo-log likelihood method by Genest et al. (1995) is used because the
exact marginal distributions of the random variables are unknown. This approach
involved generating pseudo-observations F, (x;) and G, (y;) by transforming the
marginal distribution functions F and G into uniform [0, 1] values through the empirical
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distribution, FE,(x) = ﬁ T I(x < x),G(x) = ﬁ ., I(y; £y). Moreover, Equa-
tion (7) can be expressed as follows:

_ 9%Co(Fa(0).6n(»))
0x0y

(8)

The copula parameter @ is estimated using the maximum pseudo-log likelihood method.
The pseudo-log likelihood function is as follows:

L(G) = ?:1 log[CB(Fn(xi)' Gn(yl))] (9)

This study uses various bivariate copula families to capture potential dependence
structures among random variables. Employing the CDVine package in R (Brechmann
& Schepsmeier, 2013), we access the copula families for this analysis. Gaussian and
Student t-copulas are used for symmetric dependence structures, whereas Archimedean
copulas, including Clayton, Gumbel, Frank, Joe, BB1, BB6, BB7 and BBS8, are employed
for asymmetric structures. The selection of the most appropriate copula family for
each pair of variables is guided by the Akaike Information Criterion (AIC) proposed by
Akaike (1973). Additionally, the strength of the relationship within each copula family is
evaluated using the Kendall’s Tau correlation coefficient (t).

4. Data

This study uses a dataset from ASEAN emerging markets: Thailand, Malaysia, Indonesia
and the Philippines. Daily data on stock market indices and exchange rates (local
currency per US dollar) for these countries were collected from Thomson Reuters Eikon
database.

The study examines data from March 2020 to February 2023, comprising the daily
closing prices of stock market indices. Thailand uses the SET Index, Malaysia uses the
FTSE Bursa Malaysia KLCI Index, Indonesia uses the Jakarta SE Composite Index, and the
Philippines uses The Philippine Stock Exchange PSEi Index. Daily bid price data for the
forex spot rate are used for the exchange rates.

The data were divided into two periods: one during QE and the other during QT. An
unlimited QE policy aimed at addressing economic issues from the COVID-19 pandemic,
was announced on March 23, 2020 (Rebucci et al., 2022). To manage inflation and
address economic concerns in the United States, the QT policy was implemented
starting with a 0.25% increase in the policy rate in March 2022 (Arteta et al., 2022). The
FED officially announced this plan on March 16, 2022 (The Federal Reserve, 2022). The
data analysis divides the period into two periods: The QE period covers March 23, 2020
to March 15, 2022, and the QT period covers March 16, 2022 to February 13, 2023.

This study investigates two main aspects: 1) the relationship among the volatility
of stock market index returns, and 2) the relationship among the volatility of exchange
rate returns. The return rate (R,) for both stock market indices and exchange rates can
be calculated using the formula R, = In(P,) — In(P_,), where P, is the data for stock market
indices (or exchange rates) at time t, and P(_,) is the data at time t-1. The descriptive
statistics for R, are presented in Tables 1 and 2.
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Table 1. Descriptive statistics of daily return for stock market indices

Thailand Malaysia Indonesia Philippines
QE Qr QE Qr QE Qr QE Qr

Maximum  0.0647 0.0188  0.0353  0.0396 0.0970  0.0222 0.1235  0.0348
Minimum  -0.0956 -0.0273 -0.0382 -0.0271  -0.0514 -0.0583 -0.0733 -0.0390
Median 0.0008 0.0002 0.0001 -0.0003 0.0012  0.0007 -0.0001 0.0012
Mean 0.0009 0.0001  0.0004 -0.0003 0.0012  0.0000 0.0009 -0.0001

Standard 0.0122 0.0071 0.0091 0.0081 0.0125 0.0092 0.0167 0.0138
deviation

Skewness  -0.7650 -0.4329  0.0573  0.3633 0.8754 -1.5432 1.2503 -0.1807
Kurtosis 12.8810  1.2436 1.9575  2.8904 9.8376  8.3933 9.6060 0.1339
JB test 2,834.38° 17.14° 63.94° 66.56° 1681.29° 609.10° 1660.11° 111
ADF test -22.63* -12.84° -20.97°  -15.01° -22.06*  -14.61* -22.63*  -13.77°

Note(s): JB denotes Jarque-Bera and ADF denotes augmented Dickey-Fuller. ® denotes statistical significance
at the 1% level.

Table 1 displays the descriptive statistics of the stock market indices returns in the
four countries. Periods of QE and QT include 415 and 193 observations, respectively.
In the QT period, mean values decreased across all countries, with notable declines
in Malaysia (-0.0003) and the Philippines (-0.0001), both showing negative values.
Similarly, the standard deviation values decreased in all four markets, indicating reduced
volatility in stock market index returns following QT measures. Significantly, Indonesia
and the Philippines reveal shifts from positive to negative skewness values between
periods, suggesting a left-skewed dataset and heightened downside risks in the QT
period. The p-values of the Jarque-Bera test indicate that the data significantly deviate
from a normal distribution, except for the Philippines in the QT period, whereas the
ADF test indicates all data series’ stationarity.

Table 2 presents the descriptive statistics of the exchange rate returns. The QE
period contained 517 observations, and the QT period contained 239 observations.
The statistical summary shows that the mean of exchange rates for Malaysia and
Indonesia changed from negative to positive from the QE period to QT period, while
that of Thailand and the Philippines remained positive in both periods. In the QT period,
exchange rate return volatilities rose in Thailand, Malaysia and the Philippines, as
evidenced by higher standard deviation values compared to the QE period. Conversely,
the Indonesian market volatility decreased during the QT period. Thus, Thailand,
Malaysia and the Philippines experienced increased uncertainty in exchange rate
returns during the QT period. The skewness values during the QT period clearly indicate
that all foreign exchange rate markets faced downside risk. The p-values of the Jarque-
Bera test indicate that the data significantly deviate from a normal distribution, except
for Thailand in the QT period, whereas the augmented Dickey-Fuller (ADF) test indicates
all data series’ stationarity.
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Table 2. Descriptive statistics of daily return for exchange rate

Thailand Malaysia Indonesia Philippines

QE Qr QE Qar QE Qr QE Qar

Maximum  0.0114  0.0152  0.0085  0.0105 0.0401  0.0107 0.0118 0.0148
Minimum  -0.0112 -0.0184 -0.0131 -0.0181 -0.0289 -0.0129 -0.0093 -0.0132
Median 0.0000 0.0003 0.0000 0.0004 0.0000  0.0003 0.0000  0.0002
Mean 0.0000 0.0000 -0.0001 0.0002 -0.0002  0.0002 0.0000 0.0002

Standard 0.0035 0.0053 0.0025 0.0034 0.0042 0.0034 0.0029 0.0040
deviation

Skewness 0.0308 -0.1879 -0.6794 -1.7158 0.3715 -0.7809 0.4586 -0.0426
Kurtosis 0.8006  0.4041 3.4079 7.5122 24.7370  3.1543 1.5221  1.5009
JB test 13.23° 2.76  283.24* 651.00* 12928.29* 117.45° 66.22°  20.86°
ADF test -20.08* -14.60* -20.59° -12.73° -22.65*  -13.64° -23.28*  -13.35*

Note(s): JB denotes Jarque-Bera, and ADF denotes augmented Dickey-Fuller. ? denotes statistical significance
at the 1% level.

Furthermore, to assess the presence of time-varying volatility in the residuals, we
conducted an autoregressive conditional heteroskedasticity Lagrange multiplier test
(ARCH-LM). The results strongly indicate the presence of ARCH effects at lag 4 of all
series data of the stock market indices and exchange rate returns. The p-value of the
ARCH-LM test is less than 0.05. This significant finding suggests that the variance of the
error terms is not constant over time or exhibits heteroskedasticity. Consequently, these
results justify using the GARCH model to account for our data.

5. Empirical Results

5.1 Results of GARCH (1,1) Model

We employ an ARMA(p,q)-GARCH(1,1) model to characterise and model the time-
varying volatility in each time-series dataset, including returns from stock market
indices and exchange rates. Tables 3 and 4 display the results of selecting the
ARMA(p,q)-GARCH(1,1) model for the stock market index and exchange rates return
series, respectively. The results found that the estimated coefficients indicate that o +
B for all data series are close to 1 in both periods, implying a long-run persistence of
shocks on conditional variance. Additionally, when examining the standardised residuals
for all data series, the results of both the Box-Ljung test and Kolmogorov-Smirnov test
suggest the absence of a serial correlation and confirm a uniform distribution for these
data. Therefore, the standardised residuals obtained from the ARMA(p,q)-GARCH(1,1)
model are suitable for an analysis using a copula model.
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5.2 Results of Copula

The analysis results of the relationship among the volatility of stock market indices and
exchange rates are presented in Tables 5 and 6, respectively. Correlation values from
the copula model are depicted in three aspects — overall concordance (1), upper tail
concordance (t,) and lower tail concordance (t,) — all expressed in Kendall tau. These
values were derived from the copula parameters of the selected copula family with the
lowest AIC value, which was validated using the Cramer-von Mises (CvM), KS and White
tests. In these tests, a p-value > 0.05 indicates the suitability of the chosen copula
family for the dataset.

5.2.1 Relationship among Volatility of Stock Market Indices

Table 5 illustrates the dependence among the volatility of stock market index returns in
the forms of t, 7, and 1, correlations obtained from the appropriate copula family.

In the QE period, positive t values indicate co-movement among all four stock
market indices, implying simultaneous changes in the same direction. Relationships
between Thai-Malay, Thai-Indo, Malay-Indo, Malay-Phi and Indo-Phi show co-movement
in overall (), upper (t,) and lower tail (t,) regions, implying extreme changes in one
dataset correlate with similar changes in another. Thai-Phi exhibits correlation in overall
and upper tail but independence in the lower tail. Incomplete co-movement is noted
among all pairs, with 1, t, and t, values not equal to 1. The Thai-Malay pair shows the
highest correlation across all values, with t=0.27, t, = 0.27 and t,= 0.23.

In the QT period, the relationship among the volatility of the stock market index
returns in all four markets shows a similar direction of change. Significantly, Thai-Malay
exhibits the highest t value at 0.33, Thai-Phi shows the highest t, value at 0.2 and

Table 5. Results of copula model for stock market index returns

Period Pair-copula Copula T T T AIC Goodness of fit test
family

p-value p-value p-value of
of CvM of KS WhiteTest

QE Thai-Malay Survival BB7 0.27 0.27 0.23 -95.42 0.42 0.5 -
Thai-Indo Survival BB1 0.24 0.07 0.21 -66.34 0.85 0.94 -
Thai-Phi Gumbel 0.109 0.25 0 -46.52 0.48 0.42 -
Malay-Indo BB7 0.23 0.25 0.12 -63.92 0.27 0.08 -
Malay-Phi Survival BB7 0.21 0.21 0.11 -59.35 043 0.47 -
Indo-Phi Survival BB7 0.19 0.1 0.17 -42.81 0.92 0.88 -

Qr Thai-Malay Survival Gumbel 0.33 0 04 -5695 0.57 0.59 -
Thai-Indo Survival Gumbel 0.23 0 0.29 -2896 0.71 0.75 -

Thai-Phi BB1 0.26 0.2 0.14 -31.46 0.79 0.69 -
Malay-Indo  Survival Gumbel 0.23 0 0.29 -28.21 0.55 0.47 -
Malay-Phi Survival BB8 0.24 0 0 -27.86 0.51 0.63 -
Indo-Phi Student t 0.18 0.05 0.05 -13.41 - - 0.58
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Thai-Malay has the highest 1, value at 0.4. This suggests that Thai-Malay is the most
closely related market pair compared to others in both periods, likely due to their
shared borders.

In both periods, all four stock markets showed positive correlation (t values),
indicating that they tend to move in the same direction. This suggests a level of
integration among these emerging ASEAN-4 markets. Particularly, the Thai-Malay pair
consistently showed the highest correlation in both periods, indicating that geographical
proximity can lead to stronger market relationships. While co-movement exists among
markets, the correlations are not perfect (t values are not equal to 1). This implies that
diversification opportunities still exist for investors within the region, allowing them to
manage risk across these markets. However, investors should be aware that markets are
still integrated, which means a shared downside risk also exists.

The study results obtained from the copula model show us that the transition from
QE to QT measures can change the structure of the stock market relationships in the
opposite direction when considering the changing values of 7, and t,. For example,

during the QE and QT periods, the Thai-Malay has values of (TSE = 0.27, TfE = 0.23)

and (rgT =0, TLQT = 0.4), respectively. These correlation results show that in the QT

period, the t, value decreased, and the t, value increased compared to the QE period,
which is the same for the Thai-Indo, Thai-Phi and Malay-Indo pairs (see Table 5).
Conversely, for the Malay-Phi and Indo-Phi pairs, the values of t, and 1, in the QT period
are lower than those in the QE period. This reveals that during the QT period, investors
in the Thai-Malay, Thai-Indo, Thai-Phi and Malay-Indo stock markets faced a higher
level of downside risk in both markets than in the QE period. In the QE period, the
relationships between Thai-Malay, Thai-Phi, Malay-Indo and Malay-Phi, the values of
T, are greater than the values of t,. Thus, investors encounter higher upside risk when
investing in both these markets.

From these findings, it can be concluded that monetary policy shifts can signifi-
cantly impact stock market relationships in the region. The increased downside risk
during QT for some market pairs suggests that investors and policymakers need to
be particularly attentive to risk management during tightening periods. However,
the persistent co-movement and varying degrees of correlation also indicate that
diversification opportunities remain within the region. The study provides valuable
insights for understanding market behaviour under different monetary policy regimes,
which can inform both investment strategies and policy decisions in ASEAN.

5.2.2 Relationship among Volatility of Exchange Rates

Table 6 illustrates the dependence among the volatility of exchange rate returns for
each country in the forms of 1, t, and 1, correlations, obtained from the appropriate
copula family. In both periods of QE and QT, positive t values indicate correlated
exchange rate volatilities among Thailand (USD-Baht), Malaysia (USD-Ringgit), Indonesia
(USD-Rupiah), and the Philippines (USD-Peso), moving in the same direction.

In the QE period, Malay-Indo showed t, T, and T, values of 0.28, 0.03 and 0.03,
respectively, indicating a co-movement in the overall relationship between the datasets,
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Table 6. Results of the copula model for exchange rate returns

Period Pair-copula Copula T T T AIC Goodness of fit test
family

p-value p-value p-value of
of CvM  of KS  WhiteTest

QE Thai-Malay Survival Clayton  0.16 0.16 0 -47.33 0.57 0.86 -

Thai-Indo Gaussian 0.14 0 0 -2411 0.72 0.76 -
Thai-Phi Gaussian 0.21 0 0 -56.73 04 0.52 -
Malay-Indo  Student t 0.28 0.03 0.03 -101.09 - - 0.48
Malay-Phi Frank 0.12 0 0 -15.23 0.06 0.06 -
Indo-Phi Gaussian 0.07 0 0 -3.68 0.11 0.21 -
QT Thai-Malay Frank 0.21 0 0 -20.23 0.09 0.22 -
Thai-Indo Frank 0.16 0 0 -12.15 0.43 0.23 -
Thai-Phi Student t 0.29 0.08 0.08 -49.94 - - 0.59
Malay-Indo  Gaussian 0.38 0 0 -90.06 0.55 0.68 -
Malay-Phi Gaussian 0.14 0 0 -9.71 0.31 0.25 -
Indo-Phi Frank 0.19 0 0 -17.7 0.5 0.39 -

and in their upper and lower tail regions. For Thai-Malay, both 7 and t, were 0.16,
showing a relationship overall and particularly in the upper tail. For Thai-Indo, Thai-Phi,
Malay-Phi and Indo-Phi, only t values were examined. Malay-Indo had the highest t
value at 0.28. Co-movement among all pairs was incomplete as t, T, and t, values were
not equal to 1.

In the QT period, Thai-Phi revealed t, 1, and t, values of 0.29, 0.08 and 0.08,
respectively, indicating co-movement in overall relationships, and in upper and lower
tail regions. Only t values were found for other market pairs, and Malay-Indo had the
highest t value at 0.38. Significantly, Malay-Indo showed the highest t correlation value
in both time periods, possibly due to their shared border and closely interconnected
economies compared to other countries.

During the QT period, exchange rate volatility among market pairs displayed a
stronger relationship than during the QE period. The FED’s QT policy led to a reduction
in global economic liquidity in the US dollars (International Monetary Fund, 2022), likely
resulting in more synchronised capital flows across market pairs. Consequently, a higher
degree of co-movement existed in exchange rates than before. This differs from the QE
policy period that is characterised by high liquidity in international financial markets,
which benefits emerging economies through capital inflows (Beirne et al., 2020; Cortes
et al., 2022).

These findings provide several key insights. The consistent positive correlation
among all four exchange rates suggests a level of economic integration in the Southeast
Asian region. The Malay-Indo pair showed the strongest relationship in both periods,
highlighting the importance of geographical proximity and economic ties. Moreover, the
increased co-movement during QT suggests that these markets efficiently respond to
global economic conditions. This efficiency can be attractive to international investors
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looking for markets that quickly adjust to new information. However, incomplete co-
movement (T values not equal to 1) implies persistent diversification opportunities.
Such insights are valuable for investors in risk management and for policymakers in
crafting coordinated responses to global economic shifts, potentially fostering greater
regional financial stability and attractiveness to international investment.

6. Conclusion

This study employs a copula-based GARCH model to examine: 1) the relationship among
the volatility of stock market index returns, and 2) the relationship among the volatility
of exchange rate returns (local currency per US dollar). The analysis is divided into two
periods. The first spans March 2020 to March 2022, during the QE measures, while the
second covers March 2022 to February 2023, during the QT measures. The data from
emerging ASEAN markets, such as Thailand, Malaysia, Indonesia and the Philippines,
were used in this study. The empirical findings showed volatility transmission among
the financial markets of Thailand, Malaysia, Indonesia and the Philippines during both
QE and QT periods.

The key findings of the study can be concluded as follows: for the relationship
among the volatility of stock markets, in both periods, all four stock markets showed
positive correlation, indicating that they tend to move in the same direction. This
suggests a level of integration among these emerging ASEAN-4 markets. This can
be seen as a positive development, as it may indicate increasing economic ties and
potential for regional cooperation. While these markets demonstrate integration
in terms of volatility transmission, they are not fully integrated as indicated by t, 7,
and 1, values not reaching the maximum level of 1. This implies that there are still
diversification opportunities for investors within the region, allowing them to manage
risk across these markets. Furthermore, new findings suggest that transitioning from
QE to QT policies can change the relationship structure among stock markets in the
opposite direction as evidenced by 1, and t, values. The change in market relationships
between QE and QT periods demonstrates that these markets can adapt to different
monetary policy environments. This is an external policy from outside the region that
directly affects the ASEAN stock markets. For risk management implications, this study
provides insights into how risk profiles change under different monetary policy regimes.
For instance, during the QT period, some market pairs showed higher downside risk.
This information can help investors and policymakers better prepare for and manage
risks associated with policy changes. Adjustments in portfolio diversification across
countries are crucial for aligning with the varying monetary policy measures of the FED,
especially during QT periods.

For the relationship among the volatility of exchange rate returns, in both periods,
all four exchange rates (Thai baht, Malaysian ringgit, Indonesian rupiah, and Philippine
peso against the US dollar) showed consistent positive correlation, indicating they
move in the same direction. Moreover, the results show the incomplete co-movement
(t values not equal to 1) implying that there are still diversification opportunities
for investors and businesses operating across these markets, which allows for risk
management and potential arbitrage opportunities. Furthermore, in QT periods, the
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volatility of exchange rate returns for all four countries tends to exhibit a stronger
correlation than in QE periods. This suggests that these markets become more synchro-
nised when global liquidity tightens, and reveals that the exchange rates of all four
countries are similarly affected by QT. Those responsible for setting monetary policy
in each country should cooperate and coordinate policies across nations to maintain
financial stability within the ASEAN region. The increased co-movement during QT
suggests that these markets efficiently respond to global economic conditions.

This study differs from previous research in that it examines both the QE and
QT periods implemented by the FED. It found that these monetary policy measures
had varying impacts on the relationship among stock markets in ASEAN emerging
markets and on the exchange rates of each country. Significantly, all four countries’
financial markets experienced volatility transmission during both QE and QT periods.
For the policy implication, these empirical findings offer valuable insights for investors
to mitigate investment risks across countries. Specifically, during periods of reduced
dollar market liquidity under the FED’s QT policy, investors diversifying into various
stock markets should be wary of potential currency depreciation and uncertain
negative returns. Therefore, this study provides valuable insights for policymakers
in these countries. Understanding the co-movement of their financial markets can
inform coordinated policy responses to global economic changes, potentially leading
to more stable regional economies. To stabilise financial markets within the ASEAN
region and reduce the impact of exchange rate volatility, several policy measures have
been proposed and implemented. These include the establishment of comprehensive
macroeconomic and financial surveillance systems to enhance financial stability (ASEAN
Secretariat, 2015). Such systems can help identify potential risks and vulnerabilities
in the regional financial landscape, allowing for preemptive policy actions. Another
mechanism is the promotion of currency swap agreements between ASEAN countries,
which aims to reduce the impact of exchange rate volatility that can be contagious
among ASEAN countries (Shahrier, 2022), and is part of the multilateral financial agree-
ment between ASEAN+3 member countries (Sussangkarn, 2010). These agreements can
provide short-term liquidity support and help stabilise exchange rates during periods of
market stress.

Based on this study’s findings, future research could use the time-varying copula
models to gain deeper insights into ASEAN financial markets, as that could capture
the dynamic nature of dependence structures. Furthermore, researchers could expand
the scope to include other emerging and developed markets for comparison to obtain
a broader view of the topic. Additionally, incorporating sectoral analysis, examining
the effects of policy announcements, and integrating other economic variables could
provide a more comprehensive understanding of market interdependencies.
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