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Vesarach Aumeboonsuke (Thailand)

DYNAMIC CORRELATION
ANALYSIS IN THE ASEAN
EQUITY MARKETS DURING
2009-2018

Abstract

This study examines the static and dynamic correlations in the ASEAN equity markets.
The importance of this research appears from the fact that practitioners can get the
benefit if their investments yield the same or higher returns given lower or the same
risk in their portfolio. Firstly, this advantage comes from including the assets that de-
crease volatility of the portfolio. Hence, the correlation between the ASEAN markets
should be examined. Secondly, co-movements in market realizations may increase
global financial instability. Its existence is important for international investors, finan-
cial institutions, and policy makers. The study locates the relationship between ASEAN
and its major trading partners, including Japanese, US, and UK markets, in order to
find more rational results. This study utilizes alternative multivariate GARCH forms to
provide useful information on the dynamic evolution and implications of return vola-
tilities. The results show that the volatilities of all the equity markets under study are
persistent over time. The estimates from VEC model indicate that the movements of
the US and UK equity market returns have some degree of influence on several of the
ASEAN equity markets. The results imply that, first, most of the developing ASEAN
equity markets work by its own information with small relation to the developed world.
Second, it is still convincing to state that investing in ASEAN equity markets should
provide investors a better mean-variance portfolio. And, third, buy-and-hold strategy
seems to be more beneficial than readjusting the ASEAN equities portfolio.

Keywords equity markets, dynamic correlation, ASEAN,
DCC-GARCH
JEL Classification  Gi1,G12,G15

INTRODUCTION

In the past five years (2014-2018), growth in the ASEAN markets is
anticipated to remain strong and relatively attractive for investment'.
From the practitioner’s point of view, these markets are always the
significant investing places and the key investment targets for global
diversified portfolio. Besides, one may suggest that equity price and
volatility in one continent may be affected by the fluctuations in an-
other continent beyond what is conceivable by associations through
its economic fundamentals. In other words, changes in price and vol-
atility are driven by an investment across borders. Hence, the risk of
investors may not certainly decrease from only a naive broad diver-
sification. Although there have been several studies of correlation in
price and volatility of major equity markets, there is a limited number
of studies conducted for ASEAN markets. In addition, prior studies
give us an idea that ASEAN markets are facing with many financial
problems (e.g. market contagion and volatility spillover (see Cha & Oh,
2000; Chiang et al., 2007; Bowman et al., 2010)), albeit ASEAN equity

1 Information from www.worldbank.org
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market can still give investors one way to construct an international well-diversified portfolio. In order
to extend the knowledge and spot the root of these benefits, the study that is designed to investigate the
correlations and their co-movements within ASEAN equity markets in details is substantially needed.

This study aims to examine the static and dynamic correlations in the ASEAN equity markets. The
importance of this research appears from the fact that practitioners can get the benefit if their equity in-
vestments yield the same or higher returns given lower or the same risk in their overall portfolio. Firstly,
this advantage comes from the assets that can decrease volatility of the portfolio. Hence, the correlation
between the ASEAN markets needs to be examined. Secondly, co-movements in market realizations
may raise the risk towards global financial instability. Its existence is also an important awareness for
international investors, financial institutions, and policy makers.

This study is primarily motivated, because most research papers that investigate the return and volatili-
ty across international stock markets emphasized mainly on large markets in the United States, Europe,
and Japan, with less consideration on the ASEAN markets. In addition, it can be extended to the issues
such as volatility spillovers, correlation breakdowns, trends in correlation patterns, and financial crisis
contagion. Therefore, the major beneficiaries are not only practitioners who attempt to find the best
solution for their international asset allocation, but also scholars who involve in development of finan-
cial models that require correlation as an input.

This study is organized as follows. Section 1 reviews related literatures on these areas. Section 2 presents
data and methodology that include descriptive statistics and relevant methodologies. Section 3 shows

data analysis and evaluates the empirical findings. Final section concludes.

1. REVIEWS

OF THE LITERATURES

The equity market correlations have been investi-
gated in terms of returns and volatility for many
decades. Among the many interesting elements,
dynamic correlation and volatility trend earned
the biggest attention. This is, perhaps, because we
are using the model that assumes that investors se-
lect their portfolios based on the mean-variance
criterion (Markowitz, 1959; Markowitz, 1991a;
Markowitz, 1991b; Markowitz, Todd, & Sharpe,
2000). Even though the model has been modi-
fied in various aspects, its basic form is still used,
since it is an equilibrium model that offers a solid
specification of the relationship between asset re-
turns, and the empirical evidence proposes that it
explains a significant fraction of the variation in
asset returns (Markowitz et al., 2000). In present
integrated world, one who wants to find the effi-
cient portfolio must find internationally diversi-
fied portfolio, because it can dramatically enhance
their risk-return performance, for example, low
correlation between international markets can re-
duce the risk (Solnik, Boucrelle, & Le Fur, 1996).
In fact, this portfolio construction requires a full
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understanding in both return correlation and vol-
atility relation.

Over the past two decades, there have been many
developments to identify and quantify these dy-
namics of returns volatility and correlation across
equity markets (e.g. Engle & Ng, 1993; Koutmos
& Booth, 1995; Bekaert & Wu, 2000). Among the
best of them, generalized autoregressive condi-
tional heteroscedasticity (GARCH) models are
the most appealing, because they have recently
added empirical evidences in modeling time-var-
ying correlations and large covariance matrices
(Bollerslev, Engle, & Wooldridge, 1988; Engle,
1982). Many GARCH series that have outsized
number of parameters and high degree of difficul-
ty were developed in the past. Nevertheless, the
simple model that suggests keeping constant cor-
relations, Constant Conditional Correlation mod-
el (CCC), is still useful (Bollerslev, 1990).

In recent times, a new class of model, Dynamic
Conditional Correlation (DCC), which allows the
correlations to change over time, is also imple-
mented (Engle, 2002). Still, the DCC is constrained
to be equal for all the correlations. In fact, this is

http://dx.doi.org/10.21511/imfi.16(2).2019.21
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a pointless restriction and, thus, the flexibility of
Asymmetric Dynamic Conditional Correlation
(ADCC) that allows asymmetric effects in the vari-
ance functions might be a better option (Cappiello,
Engle, & Sheppard, 2006). From the researcher’s
point of view, all models have their own good
characteristics. For example, comparing CCC and
DCC can demonstrate the advantage of dynamic
modeling, contrasting DCC and ADCC lights an
idea of market asymmetry. Precisely, not only past,
but also present research papers utilize the advan-
tage from all models in modeling dynamic equity
correlations and covariance criterion.

Nevertheless, empirical evidence discovers bad
news that sometimes equity markets’ correlations
are changing over time and, therefore, it creates
less diversification opportunities (Longin & Solnik,
1995). After decades, the evidence shows that cor-
relation between major equity markets remains
high and even positive not only in terms of re-
turns, but also volatility (Ang & Chen, 2002; King,
Sentana, & Wadhwani, 1994; Longin & Solnik,
1995, 2001; Morana & Beltratti, 2002; Ramchand
& Susmel, 1998). Fortunately, this revolutioniz-
ing trend of correlation has been developing over
time, even in present Morana and Beltratti (2008)
and extending to be not in a straight line positive
or negative side, but asymmetric when major equi-
ty markets are changing their trend (Koutmos &
Booth, 1995; Kroner & Ng, 1998; Mazzotta, 2008;
Yang & Doong, 2004).

In addition, the existence of contagion between eq-
uity markets based on DCC-GARCH was found in
several recent studies. Chittedi (2015) applied the
DCC-GARCH model and reported the correlation
between the US and Indian equity markets. Hou
and Li (2016) also performed DCC-GARCH mod-
el and explored the information transmission be-
tween the US and Chinese markets. Furthermore,
findings from Trabelsi (2017) showed that the
Asian stock indexes can be considered as effective
hedge assets. And most recently, Aawaar, Domeher,
and Nsiah (2018) concluded that co-movements
between stock markets in African and the world
stock market are time-varying.

As a result, there are many researchers trying to

find reason for the variation in the internation-
al transmission of stock returns and volatility.

http://dx.doi.org/10.21511/imfi.16(2).2019.21

According to Syriopoulos (2006), empirical litera-
ture has indicated a number of factors that may be
responsible for equity market interrelationships,
including economic policies, financial innova-
tions, market deregulation, interest rate move-
ments or financial crises with contagion effects.
Because of the fact that world equity markets are
sharing some economic fundamentals, many re-
searchers examine equity return and volatility
correlation from the financial crisis contagion ef-
fect between emerging and mature markets. That
is, when we, unfortunately, realize that emerg-
ing equity markets, such as ASEAN markets, are
now playing important roles to our well-diversi-
fied portfolios (Aggarwal, Inclan, & Leal, 1999;
Chaudhuri & Wu, 2003; King & Wadhwani, 1990;
Syriopoulos, 2004; Yang, Kolari, & Min, 2003).

Although the fact that international equity mar-
kets have stepped forward integration, the ev-
idence still supports the existence of three re-
gional groups, the North American, Europe,
and ASEAN, rather than a particular world mar-
ket (Engle & Susmel, 1993; Groenen & Franses,
2000). Regarding to empirical evidence of the
relation between western and ASEAN markets,
there is a support that the relationship between
the developed markets and the ASEAN emerging
markets is intense before and after the ASEAN
financial crisis in July 1997 (Arshanapalli &
Doukas, 1993; Cha & Oh, 2000; Cheung & Ng,
1993; Liu & Pan, 1997). In addition, an increase
and continued in high correlation is statistically
found in ASEAN daily stock-return data series
from 1990 to 2003 (Chiang, Jeon, & Li, 2007).
Nevertheless, the benefits of international di-
versification in ASEAN equity markets are still
substantially high (Bowman, Chan, & Comer,
2010).

2. DATA AND METHODOLOGY
2.1. Data and descriptive statistics

As the study attempts to locate the relationship
between ASEAN markets, the United States, East
Asia market, and major European market, the dai-
ly index data from each relevant major exchange is
collected from BLOOMBERG Database. The sam-
ples start from January 1, 2009 to January 1, 2019.
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Table 1. Stock market index descriptive statistics

Log (level) S&P500 : FTSE100 JCI SET | FBMKLCI | PSE : VN STI N225
Mean 705 854 i 692 631 681 | 756 580 7.65 877
Median 706 856 700 6.49 6.80 756 i 569 7.63 884
Max 736 882 i 802 6.82 7.32 826 i 707 825 921
Min 652 810 582 5.52 6.32 6.89 | 461 7.07 765
Std. Dev. 017 ¢ 016 069 0.36 0.25 038 i 058 028 031
Skewness =039 -0.27 | -0.05 -0.64 0.17 0.05 : 0.37 010 : -079
Kurtosis 257 ¢ 202 0 157 1.89 1.98 1.81 ¢ 229 205 ¢ 316
Jarque-Bera 8446 13550 22397 308.57 125.00 154.51 © 11591 @ 10146 : 208.26
(prob.) 000 : 000 000 0.00 0.00 0.00 { 0.00 0.00 : 000
ADF test L7202 207 =232 -161 . -249 . 210 -163 . =200 . 172
(prob.) 0.59 0.56 0.42 0.79 0.33 0.55 0.78 0.60 0.74
Return
Mean? —049%  0.44% 21.04% 12.62% 6.04% 11.12% © 1936% : 579% : 520%
Median 8.02% : 4.39% - 14.21% 13.12% 6.43% 14.34%  13.06% = 4.99%  12.85%
Maximum 15.44% © 18.35% : 5550% : 33.52% : 38.05% : 43.51% : 131.03% : 37.38% : 25.40%
Minimum -31.50% = —27.76% @ -10.21% | —2071% : -19.30%  —30.22% @ -74.19% : -24.66% : —29.43%
Std. Dev. 001 001 i 001 0.01 0.01 001 i 002 001  0.02
Skewness 011 004 | -048 -0.52 —0.82 1.02 i -013 -003 | 016
Kurtosis 1149 0973 ¢ 909 ¢ 1232 ¢ 1251 ¢ 2404 : 558 i 722 © 1512
Jarque-Bera 7836.65 © 4920.83 | 412529 | 9554.94 | 10099.79  48495.06 @ 72731 | 1930.36 : 12086.74
Probability 000 © 000 000 0.00 0.00 0.00 i 0.00 000 { 000
ADF test -40.85 2497 | 4525 -33.40 -43.56 -4525 | -20.88  -50.24 | —49.46
(prob.) 000 : 000 000 0.00 0.00 0.00 i 0.00 0.00 ¢ 0.00
Observations 2605 : 2605 2605 2605 2605 2605 2605 2605 2605

Note: All estimates are based on data for the period from January 1, 2009 to January 1, 2019.

The data of western equity market includes, first,
US Standard and Poor’s capitalization-weighted
index of 500 large-cap stocks traded on either the
NYSE or NASDAQ (S&P500). Second, UK capi-
talization-weighted index of the 100 most high-
ly capitalized companies, Financial Times Stock
Exchange, traded on the London Stock Exchange
(FTSE100). Third, Japanese’s Nikkei 225 calculat-
ed by the Nikkei Keizai newspaper, Nikkei 225 is
a price-weighted average of 225 top-rated Japanese
companies listed in the First Section of the Tokyo
Stock Exchange (N225). For ASEAN market, the
data contain, first, Indonesian Jakarta Composite
Index, a capitalization-weighted index of stocks
traded ontheboard ofthe Indonesia Stock Exchange
(JCI). Second, Stock Exchange of Thailand’s cap-
italization-weighted index of stocks listed on the
Stock Exchange of Thailand (SET). Third, FTSE
Bursa Malaysia Kuala Lumpur Composite Index,
the largest 30 companies weighted by full market
capitalization on Bursa Malaysia’s Main Board
(FBMKLCI). Forth, Philippine Stock Exchange’s
capitalization-weighted index composed of stocks
representative of the Services, Industrial, Holding

Firms, Properties, Financial and Mining & Oil
Sectors of the Philippine Stock Exchange (PSE).
Fifth, Vietnam’s capitalization-weighted index of
all the companies listed on the Ho Chi Minh Stock
Exchange, Vietnam (VN). And sixth, Straits Times
Index, a market value-weighted index calculated
and disseminated by FTSE, comprises the top 30
stocks listed on the Singapore Exchange (STI).

At a starting point, the descriptive statistics and
relevant tests are conducted on the equity market
index and market returns. Table 1 summarizes de-
scriptive statistics of the equity indices from the
following markets: JCI: Indonesia; SET: Thailand;
FBMKLCI: Malaysia; PSE: Philippines; VN:
Vietnam; STI: Singapore; N225: Japan. Statistics
include mean, median, maximum, minimum,
standard deviation, skewness, kurtosis, Jarque-
Bera normality test, and Augmented Dickey-
Fuller (ADF) unit root test. For each equity mar-
ket index, the descriptive statistics are computed
at both natural logarithms and return values. The
data frequency is daily. The data covers the period
from January 1, 2009 to January 1, 2019.

2 Mean, Median, Maximum, and Minimum of Return are statistics from annual basis.
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Table 2. Unconditional correlation matrix of market return

{ S&P500 | FTSE100 |  SSE Jcl SET | FBMKLCI | PSE VN STI N225
S&PS00 LTS e N W - - -
FTSEI00 : 0.5146 1 : - [ - - - - - -
SSE 0031 . 00905 1 - - - - - - -
ICI 00948 02492 01776 1 - - " " " ‘
SET . 0.1625 0.2682 01583  0.4025 : 1 : - - - - -
FBMKLCI 00656 02063 0917 0408 03777 1 - - - -
PSE_ ... 00114 01365 01351 03344 02544 . 03336 1 - - -
VN © —0.0191 @ 0.0349 @ 0.0614 : 00795 @ 0065 : 0.0692 : 01368 : 1 @ - -
STI 02357 . 04028 02205 04977 04713 04798 02935 00588 1 -
N225 ©0.9197 0.5262 0.0387 : 0.1383 @ 0.1843 01208 : 0.0317 : —0.0075 : 0.2613 . 1

Note: All estimates are based on data for the period from January 1, 2009 to January 1, 2019.

Table 2 shows unconditional correlation matrix of
market return. The coefficients for uncondition-
al correlation in the returns of equity index indi-
cate strong correlations among the western equity
markets and Japan equity market (0.9197 for US’s
S&P500 and Japanese’s Nikkei 225). Moreover, the
evidence here shows weak correlations among
western equity markets and ASEAN equity mar-
kets (except those of Japan). This initial explora-
tion of (static) correlation, coefficients show that
the western equity markets do not affect the
ASEAN equity markets substantially.

3. METHODOLOGY

To produce information on the dynamic pro-
gression of the return volatilities, the method of
this study utilizes three alternative multivariate
GARCH forms, namely Constant Conditional
Correlation (CCC) model (Bollerslev, 1990), and
Dynamic Condition Correlation (DCC) model

where D, =diag {\/Z } denotes n x n diagonal
matrix that shows the squared root of each con-
ditional variance in the diagonal and R, = { Piif,
denotes the time-varying conditional correlations
matrix. The DCC model allows R, to vary in time
(unlike the CCC model that does not). The first or-
der univariate GARCH process is as follows:
hi,t =, + agft—l + ﬂhi,tfl > ()
where I are 1,2, ..., m, indicating the I equation
in the Vector Error Correction (VEC) model de-
rived from the initial stage of the estimation pro-
cess, &;, are the error terms of the I equation in
the VEC model, h,.’t are the conditional variances
of the error terms.

The second stage of the estimation uses the vector
of the standardized residuals to develop the DCC
correlation specification:

(Engle, 2002). The CCC is the two-stage estima- Q, = (1 -0,-6, )Q+ on,n,+6,0, ,, 3)
tor of conditional variances and correlations. In

the first stage, a univariate GARCH model is esti- and

mated, and then the univariate variance estimates R = Q:_th :_1 , 4)

from the first stage GARCH model are the inputs
in the second stage of the estimation process. The
DCC is similar to the CCC in the sense that they
are both two-stage estimators of conditional var-
iances and correlations. Unlike the CCC model,
which retains the conditional correlation con-
stant, the DCC model captures the dynamics of
time-varying conditional correlations by specify-

ing the covariance matrix H, as follows:

H, =DRD, (1)

http://dx.doi.org/10.21511/imfi.16(2).2019.21

where Q, is the covariance matrix of 7,, 6,,6,

are scalar parameters capturing the effects of pre-
vious shocks and previous dynamic conditional
correlations on current dynamic conditional cor-
relations, 77, = D, 16‘, is the standardized residual
matrix, Q= F [ntnt' ] is the unconditional covari-
ance of the standardized residuals (77, ) and

0 = (diag (0, ))7 =diag

1 1
\/a,...,..., '—qmm,,
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is a diagonal matrix composed of the square root
of the diagonal elements of Q,.

Initially, the matrix Q is computed. At this pro-
cess, the correlations of the unconditional sam-
ple are used to estimate the long-run correlations.
Then, inrthe next stage, matrix Q is substituted
by T 71277/7; in order to estimate parameters 6,

and 6,:='The DCC model is estimated using the
maximum log-likelihood method.

In the DCC(1, 1) case, the parameters 6, and 6,
are positive and 6, + 6, <1, so Q, is positive and
mean-reverting. This suggests that after a shock
does happens, the correlation between the series
will convert to the long-run unconditional level.
When 6, =6, =0, the DCC model is reduced to
the CCC model. From Matrix O, and equation (4),
the correlation estimators are as follows:

9ij
i 9 e

The study plans to estimate the equity markets’
correlation values from CCC and DCC mod-
els, and then compare the results and report the
findings.

Piji = fori,j=1,2,...,n and i # j.

4. EMPIRICAL RESULTS

4.1. Johansen’s test statistics
for cointegration rank

First, the mean specifications of the underlying se-
ries are investigated, followed by the approxima-
tion of the constant and dynamic conditional cor-
relations of the equity markets under this study.
This procedure is performed following the work
of Syriopoulos and Roumpis (2009). The test for
the existence of any cointegrating vector is used
in order to identify any possible linkage and as-
sociation among the equity markets under this
study. AccordingtotheA __andA__ testsin Table
3, based on both tests, the null hypothesis that the
eastern, southeastern ASEAN markets, and the
United States plus major European markets are
not cointegrated is rejected.

Table 3. Johansen’s test statistics for
cointegration rank®

Null , : Critical
Model {Eigenvalues: A ___test values at

specification § 95%
-0 02741772 | 49626492 . 33498371
<1 02566371 = 4332.3254 = 28514251
r<2 0.2234933 37489704  239.23541
r<3 02171877 . 32514177 . 197.37087
<4 0206169 . 27697735 . 159.5297
r<s 01825447 | 23156234 = 12561543
r<6 01730716 . 1919.1568 95753661
r<7 01667267 = 15453536  69.818887
r<8 01595673 = 1186.5853 . 47.856127
r<9 01514807 = 844.64512 29797073
r<10 0371456 = 521.54092 = 15494713
r<11 i 0.1109804 231.39002 3.8414655
Null

Tests for the Critical

numberof | A, test values at | -

cointegration : 95%
vectors
=0 630.3238  76.5/843 —
r=1 583.355 . 70.535134 = —
r=2 | 49755279 | 64504717 . -
r=3 | 48164415 | 58433538 = —
r=4 | 45415014 . 5236261 . —
r=5 | 39646658 | 4623142 . —
r=6 373.80317 . 40077574 -
r=7 3587683 33.876867 = -
r-8 341.9400 = 27584338 . -
r=9 323.10421 21.131616 -

Note: All estimates are based on data for the period from
January 1, 2009 to January 1, 2019.

The empirical evidence based on the VEC mod-
el (with up to two-lags) are summarized in Table
4. The error correction term (ECT) is found to be
statistically significant for all of the sample eq-
uity markets, implying that short-run dynamics
ensure reversion back to the common trend. The
effects of the US and UK equity markets on most
of the ASEAN equity markets are discovered. The
causal relationships among the equity markets un-
der study are illustrated by the lagged terms that
are statistically significant. The lagged cross-mar-
ket returns’ joint significance shows that the US
and UK equity market returns influenced some of
the ASEAN equity market returns.

Subsequently, researcher estimates a univariate
GARCH (1,1) model, which is the most suitable
GARCH model based on the Akaike and Schwarz
criteria, in order to produce the standardized re-
siduals, which would be the inputs to the con-

3 The process is conducted to investigate the existence of cointegration across equity market. The number of cointegrating vectors is denoted
by r and is determined by two tests statistics: the “trace test” and the “maximum eigenvalue test” to test for the hypothesis of the existence
of r cointegrating vectors (if r = 0, then no cointegration vector is present) (Johansen, 1991; Osterwald-Lenum, 1992).
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stant and dynamic conditional correlation mod-
els. Table 5 shows the results from GARCH (1,1).
Except for the Singaporean Straits Times Index,
a and f coefficients (ARCH and GARCH ef-
fects, respectively) for all the equity markets were
positive and statistically significant at 5% level.
This result implies that the variance of the current
error term (or innovation) is a function of the pre-
vious error terms, and that there is persistency in
the variance of the equity markets.

4.2.The conditional correlation model

Based on the standardized residuals of the univar-
iate GARCH(1,1), researcher performs the CCC
and DCC models in order to further examine con-
stant and dynamic conditional correlations in the
equity markets. Table 6 shows the estimation re-
sults for CCC model. It is crucial to note that they
all seem to be, on average, less than the respective
unconditional correlations. CCC model summa-
rizes correlation range from the lowest of 0.00142
(Japan-Vietnam) to the highest of 0.92988 (Japan-
U.S.) From ASEAN-ASEAN correlation perspec-
tive, the highest CCC correlation is Hong Kong

and Singapore (0.66736), while Vietnam seems
to be the least correlated with all other ASEAN
markets. Thus, even though all the constant cor-
relations are positive, most of their magnitudes
seem too small to give us clear illustration on the
co-movements in ASEAN equity markets.

Consequently, researcher further investigates
DCC model to gain more understanding. Table 7
to Table 10 show the descriptive results of DCC
model in terms of mean, max, min and standard
deviation of the correlations between each pair of
equity markets. A perusal of DCC estimates re-
veals noticeable similarities to CCC for all equi-
ty markets pairs. Japan-U.S. (0.9296) still has the
highest correlation among our sample. Moreover,
Singaporean Straits Times Index seems to have the
highest correlation with each of the other ASEAN
markets, with the highest of 0.5205 (Singapore-
Indonesia) and the lowest of 0.0564 (Singapore-
Vietnam). On the contrary, Vietnamese Ho Chi
Minh Stock Exchange seems to have the lowest
correlation with each of the other ASEAN markets,
with the highest of 0.1297 (Vietnam-Philippines)
and the lowest of 0.0290 (Vietnam-Thailand).

Table 4. Vector error corrections model estimates and analysis

Lagged term . D(ICI) D(KL) : D(N225) : D(NYK) :D(PCOM) : D(SET) : D(SPX) D(STI) : D(UKX) : D(VN)
ECT ~1-0.14075** | —0.04393**  —-0.12699** | 0.12915** -003542** i=0.12747**' 0.07763** -0.20134** —0.1667** | 0.0142*
DCI(= 1)) | —0.5614** | 0.06836** : 0.08464** |  0.056* Q..10343ff.2005406**§ 0.03171 | 0.0536** : 0.03505* : -0. 00818
DUCI(-2) -0 28069**g 004132** © 0.04968* | 0.08065** | 0.06785** : 0.05938** 005801**1 0.03413 | 0.0691** : 0.01515
D(KL(-1))  :-0.10825**:-0. 68338** 0. 12343**g ~0.07578 : 0.03076 : —0.06025 : —0.02313 :-0.21354**1-0,11177**: 019267**
D(KL(-2))  i=0.09004**: —0.41503** : —0.14747** :—0.22199** : —0.02242 .g—o 15624**A—O 16069** -0.20449** -0.14866™* 0.09123*
D(N225(-1))  :-0.05107**: —0.01975 g—072451**g 0.09494** © —0.01491 @ 0.04027 @ 0.0525** | —0.01547 : —0.01626 : —0.01241
D(N225(-2)) : -0.02385 g—ooaozs**g—o41767**g -0.01978 : 0.00035 00474** : -0,01561 : -0.03128 : —0.02753 i —0.0133
D(NYK(-1))  -0.08699**: —0.03925* | —0.05222 :-0.63724**! —0.02002 : —0. 05671 oo7936**; 0.09291%* 1-0.14019**: 012176**
D(NYK(-2)) 001955 : -0.01167 : -0.0471 :-0.09675* : —0.02119 : | 001258 10.15508** . 001392 . -0.02614 : 004066
D(PCOM(-1)) : .0.00471 . 000421 . 001343 . 00027 -0.58555*%: 000838 = -0,01032 . —0.03381 . —0.01181  —0.03282
D(PCOM(-2)) : —0.01121 : 0.02561* : 0.0494* g—o 08235**:-0.26206**: 0.00568 g—ooeoos** —0.02059 -0.08746**: —0.01514
D(SET(-1))  : 00141 : -002081 : -0.02131 :-0.07364**: 0.00563 ‘—071667**g—006492** -0.02487 : 0.00282 : 0.01209
D(SET(-2))  : -0.02181 : 0.00873 : 0.00656 :—0.06772* i —0.02871 i-0.32651**: -0.03917* : 0.00143 @ -0.009 : 0.01165
D(SPX(-1))  :-0.28024**: 0.00785 g—o 2205** £ 0.40369** | 0.2222%* | —0.3067** g—o 53552** i=0.50138**: 0. 2199** : 007164
D(SPX(-2))  i-0.22879**: -0, 01289 g.—o.09.01,1 : —0.12593 @ 0.05675 -0, 14291**§—0‘47.124*f‘i—0.25516**5—0.16.064**A -0.01587
D(STIFL) 0.22961** : 0.06459** = 0.28003** —-0.13404** 0.05658* = 0.06425* = —0.05812 —043344** 014248** . —0,0353
D(STI(=2)) i 0.11537** : 0.04303** : 0.09329** : —0.05384 : —0.00989 : 0.00797 : —0.02947 ~0.22533**: 0.07519** : —0.03265
D(UKX(-1))  : 0.45834** i 0.1745** | 0.47973** :-Q. 33164**§ 0.2415%* © 0 042494** g—o 19904** 0.63173** 1-0.40594**: 0.06936
D(UKX(-2))  : 0.21261** : 007794** L 025482** 1=0,17821** | 0.13341** : 017198** =0.1 12906** 0.29576** i=0.19103**: 006521*
D(VN(-1))  : 0.00749 :—001913* : —0.02696 : —0.03532 : .—.0;0179,2.@—,0.03158& —0.02856 | —0.0419** —0.04428** —0,39752**
D(VN(-2))  : 0.01097 : -0.01466 : 0.02485 :-0.09354**: 0.02009 : -0.02762 5—0 06026** —0.00845 ~0.06046**—0.27688**
c © 000002 : 000001 : -0.00002 : -0.00001 : —0.00001 : —0,00001 : —0.00001 : 0.00000 : 0.00000 : 0,00.000“
quuared 1036409 i 039350 : 045337 : 044215 : 045567 : 0.42950 .0-45050.5 0.50451 : 0.50325 : 0.25159
Adj. quuared 035500 : 038570 . 044634 . 043497 . 044866 = 042216 = 045366 . 049814 . 049685 . 0.24196
Log likelihood g5363 99718 :6602.96600 : 5372.17591 : 4690.20761 :5703.24949 :5425.. 86713 5506 28178 5781.93908 5729.27082 5202.88566
Akaike AIC  © -5.42204 : —6.68051 : —5.43035 : —4.73764 : —5.76663 : —548488 : —5.56656 : —5.84656 : 579306 : —5.25839
SchwarzSC | —5.34829 | —6.60676 : —5.35659 i —4.66389 | —5.69288 i —5.41113 i —5.49281 | —577281 | —5.71931 i —5.18464

Note: All estimates are based on data for the period from Jan
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Table 5. Univariate generalized autoregressive conditional heteroskedasticity (GARCH (1,1)) estimates

Index (4] o /3 a+ ,3
S&PS00 0.00000(0.0000) . 0.10481(0.00822) . | 0.88547(0.00898) 0.99028
0.00000(0.0000 0.99743

0.95923

0.92115

""""" 0.97828

.....0.00001(0.0000) , ..0:85918(0.01034) 0.96078

0.00001(0.0000 0.23653(0.01682) 0.75809(0.01034) 0.99462
L 0.00000(0.0000) 0.1062(0.01044) | 0.88813(0.0099) 0.99433
N225 : 0.00000(0.0000) : 0.08948(0.00845) : 0.91052(0.01018) 1.00000

Note: The table summarizes the estimated coefficients produced by the univariate GARCH(1,1) model. The coefficient @ is

the constant term, & and ﬂ

are the ARCH and GARCH terms, respectively, in the conditional variance equations. The value

of o + ,B reflects the volatility persistence. Numbers in parenthesizes denotes the p-values. All estimates are based on data
for the period from January 1, 2009 to January 1, 2019.

Table 6. Conditional correlation generalized autoregressive conditional heteroskedasticity
(CCC-GARCH(1,1)) estimates

Index S&P500 @ FTSE100 : JCI SET  FBMKLCI | PSE VN STI N225
S&PS00 1 : i : T - : - : - : T - -
FTSE100 i 0.50714 1 i = = = : = - <
o 0.08416 : 0.27377 1 - - - § - -

SET ....... 0.10261 0.26976 0.41073 1 - - : - -

FBMKLCI 0.06208 ; 0.22543 : 0.44334 0.3731 1 - ~ - - -
PSE 00169 012771 = 034409 = 0.26381  0.35846 R - -

WN 0.00146 | 0.03979 : 0.07093 @ 0.02905 = 0.07301 0.1297 | 1 -

STI ........ 0.17418 0.38916 0.52058 0.44206 0.48194 0.31703 0.05638 1 -
N225 0.92988 | 0.51506 :@ 0.10738 0.11291 @ 0.08966 @ 0.03511 @ 0.00142 : 0.20681 1

Note: All estimates are based on data for the period from January 1, 2009 to January 1, 2019.

Table 7. Dynamic correlation generalized autoregressive conditional heteroskedasticity (DCC-GARCH(1,1))
estimates (mean of correlations)

Index | S&P500 : FTSE100 @  SSE SET | FBMKLCI |  PSE VN STI N225
S&PS00 1 - ” ” : ” : ” : ” ” T
(FTSE100 : 0.5070344 : 1o T ” ” ” : ” ™ T
il §0.0841431 i 0.273729 | 0.2001792 : - - - : - - -
S amsewr oaessy oaess 1oLl
JFBMKLCI 5 0.062072 : 0.2254115 : 0.2267923 : 0.3730801 : 1o T i " T
PSE ... 00168938 : 0.1276897 : 0.1376336 : 0.2637857 : 0.3584426 : 1o o ™ T
YN ... 00014635 : 0.039787 : 0.0383679 : 0.0290474 : 0.0730056 : 0.129688 : 1o T T
STl 01741553 © 03891157 : 0.2193993 | 0.4420237 ' 0.4819206 : 0.3170067 : 0.0563762 I
N225 ©'0.9295826 | 0.5149104 : 0.048224 : 0.1128874 @ 0.0896474 : 0.0350998 : 0.0014269 : 0.2067717 : 1

Note: All estimates are based on data for the period from January 1, 2009 to January 1, 2019.

Table 8. Dynamic correlation generalized autoregressive conditional heteroskedasticity (DCC-GARCH(1,1))
estimates (maximum of correlations)

Index S&P500 | FTSE100 JCl SET FBMKLCI PSE VN STI N225
LS&P500 1. T i i i i i i T
JFTSE100  ...0.50713 S T i i i : i i T
dCl....00841573 1 0.2737621 1 .= - O - S
SET .......01026077 = 0.2697527 04107158 . 1 . = O - R
_FBMKLCI . 0.0620799 | 0.2254262 04433308 : 03730925 . 1 . . = G = - S
PSE_........0016907 : 01277067 03440792 A 0263802 : 0.3584534 . 1 . = - S
VN 00015026 : 0.039801 : 0.0709349 : 0.0291213 : 0.0730131 : 0.1296947 : 1 - -
ST 01741764 : 0.3891524 | 0.5205661 : 0.4420486 : 0.4819326 : 0.3170226 : 0.0563934 : S
N225 ©0.9298566 : 0.5150474 : 0.107376 : 0.1129058 : 0.0896597 : 0.0351158 : 0.0015034 : 0.2068055 : 1

Note: All estimates are based on data for the period from January 1, 2009 to January 1, 2019.
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Table 9. Dynamic correlation generalized autoregressive conditional heteroskedasticity (DCC-
GARCH(1,1)) estimates (minimum of correlations)

Index | S&P500 : FTSE1I00 | JCI . SET . FBMKLCI: PSE @ VN = STl @ N225
Yo e N T et T e T T T T
FISEIO0 05056133 1 = oo mm
O ... 00838012 02730053 1 = === ST
SET £ 01021718 : 0.2689207 : 0.4097395 : 1 - - - - -
FBMKLCI  0.0619627 02250284 04427536 0372634 1 = = - o
PSE ... 00167619 01271944 03432809 02629655 03580265 1 . = = =
VN £ 0.0014243 | 0.039634 £ 0.0288067 | 0.0728628 | 0.1292156 : 1 - -
STI ... 01736081 03880434 05193968 0441103 04813474 03162407 00561941 1 -
N225 £ 09264119 | 0.513231 | 0.1068757 : 0.1124081 : 0.0894926 : 0.0348604 : 0.0013418 : 0.2060924 1

Note: All estimates are based on data for the period from January 1, 2009 to January 1, 2019.

Table 10. Dynamic correlation generalized autoregressive conditional heteroskedasticity (DCC-
GARCH(1,1)) estimates (standard deviation of correlations)

Index | S&P500 ' FTSE100 = JCI | SET . FBMKLCI  PSE : VN : STl = N225
L T T T T T T T T
FISEL0  00IS7L = = = - === -
iCl 0.00376 @ 000821 @ - - - - - - -
SET 000395 000724 000829 - = o= = = -
FBMKLC 000132 000587 000394 = =T
PSE 0.00116 : . 0.00724 : 000579 : 0.00455 @ = - - - -
VN 000083 = 000161 ~ 000259 ~ 000202 000146 000379 - - . -
STl 000604 . 001158 @ 00122 © 000303 000622 ‘@ 000722 = 00019 . - = -
N225 004639 | 002281 | 000607 . 0.00544 & 0.00243 . 0.00223 . 000134 . 000985 . -

Note: All estimates are based on data for the period from January 1, 2009 to January 1, 2019.

CONCLUDING REMARKS

When forming the portfolio, the correlations between equity markets are always an essential factor
for all investors. This study explores the correlations among nine equity markets, which are East Asia,
ASEAN, and major western equity markets, including the United States, England, Japan, Indonesia,
Thailand, Malaysia, Philippine, Vietnam, and Singapore.

This study finds small differences in correlations between univariate, CCC-GARCH, and DCC-GARCH
models. The estimates from VEC model indicate that the movements of the US and UK equity market
returns have some degree of influence on several of the ASEAN equity markets. By comparing the esti-
mates from CCC and DCC, it can be concluded that the correlations of equity markets are not dramat-
ically changing along the time. From these results, researcher can draw three implications as follows:

1. Most of the developing ASEAN equity markets work by its own information with small relation to
the developed world (for example, there is high correlation between equity market of Japan and the
US, but low correlation between these developed markets and the ASEAN countries).

2. Tt is still convincing to state that investing in ASEAN equity markets should provide investors a
better mean-variance portfolio, because some pairs of ASEAN equity markets are weakly corre-
lated. Nevertheless, the descriptive statistics of the ASEAN equity markets returns show not much
difference in volatility, but noticeable difference in mean. This evidence suggests us to invest only
in performed market.
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3. Readjusting the ASEAN equities portfolio may be less beneficial, since the results show little differ-
ence between constant and dynamic correlations models.

The results from this study contribute additional evidence to the study of co-movements among equi-
ty markets. Although previous studies on the US and Indian markets (Chittedi, 2015), and the US and
Chinese markets (Hou & Li, 2016) found that co-movements exist, this study shows that co-movements
exist among the US, UK, and Japan equity markets, but not for the ASEAN equity markets.

Future additional empirical research on these findings would be to explore how the economic cycle
would cause the ASEAN equity markets to have higher (or lower) correlations among themselves and
with the other non-ASEAN equity markets. Besides, it may be interesting to examine whether the de-
gree of the movements in correlations will have the same magnitude when the markets experience bull
and bear periods. Finally, further research may also investigate the reasons to explain why the ASEAN
equity markets are so independent of one another.
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