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Abstract This paper examines the stock market linkages within the Asia-Pacific region
and between Asian markets and the U.S. market over the period of January 2000 to June
2010, employing the dynamic conditional correlation GARCHmodel. Our results show
that there exist very high correlations among the stock markets during the 2008 financial
crisis. Therefore, consistent with the finding in literature, there are no diversification
benefits during the financial crisis. However, our results show that there are still
substantial opportunities for global investors to improve the risk-return performance
between China and other markets during the sample period. In addition, we find
evidence that the U.S. market significantly affects the stock markets in the Asia-
Pacific region. Using T-GARCH model, there is a strong evidence of an asymmetric
effect on conditional variance except stock markets in China and Malaysia.

Keywords Stock market correlation . DCCmodel . T-GARCH . The 2008 financial
crisis

JEL G15

Introduction

There are many empirical studies on the linkages and direction of information flow
among the stock markets around the globe (Forbes and Rigobon 2002; Syriopoulos
2007; Gilmore et al. 2008; Bekaert et al. 2009; You and Daigler 2010). It is well
documented that there are stronger financial co-movements among the stock markets
around the world. That is mainly due to the globalization process, abolishment of the
restrictions in capital movements, and the improvement of telecommunications skills.
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Capital market integration or contagion has been one of the important issues in
international finance that interest both international investors and policymakers. In
fact, knowing the level of market integration allows investors to improve their
portfolio performance through diversification with less correlated assets, and helps
the policymakers to plan adequate policies for internal capital markets in the event of
global economic and financial crisis.

Turgutlu and Ucer (2010) reported that most of the emerging markets have a
significant dependence with the U.S. stock markets and international stock markets
are significantly interdependent, which leaves a smaller chance to benefit from
international portfolio diversification. Gklezakou and Mylonakis (2010) examined
ten global stock markets to figure out the effect of economic crisis on the stock
markets. They showed the empirical findings that the recent economic crisis in-
creased their correlation, thus tightening the existing links. Arouri and Nguyen
(2009) studied the time-varying features of stock market correlations in the Gulf
area. There is an insignificant correlation between the Gulf stock markets and the
world market, thus there is still room for international investors to get the benefit from
international diversification in Gulf markets. Huang (2007) studied the country-level
evidence of global pricing for nine developed countries from 1980 to 2004. He
showed that large-cap stocks have significant co-movements across countries, but
small-cap stocks do not have significant correlations.

This study investigates whether linkages exist among stock markets of Australia,
China, Hong-Kong, Japan, Korea, Malaysia, New Zealand, Singapore, Taiwan, and the
U.S. by using weekly data. The U.S. market is selected because it has long been seen as
the leader of the global financial markets. This study covers the most recent period of
January 2000 to June 2010 using weekly data and investigates the following hypotheses.
First, is there co-movement between Asian markets and U.S. markets? Are stock market
correlations time-varying? Second, how do the returns of the U.S. market influence over
the returns of the Asian markets? Third, do good news and bad news have different
impacts on predicting future volatility? This paper employs simple correlation coeffi-
cients, the DCC model, and the GARCH model to answer the questions.

Major findings can be summarized as follows. First, we find strong co-movements
among stock markets between Asian markets and U.S. market during the 2008
financial crisis period. However, Chinese market appears to be only weakly correlat-
ed to the rest of the markets over the sample period. Second, we find evidence that the
U.S. market significantly affects the stock markets in Asia-Pacific region. Third, there
is a strong evidence of an asymmetric effect on conditional variance in all of the stock
markets except Chinese and Malaysian markets.

The remainder of this paper proceeds as follows. The next section discusses the
data and statistics of stock returns. The section following that describes methodolo-
gies and empirical findings. Conclusions and suggestions for further research are
given in the final section.

Data and Preliminary Analysis

The data used in this study are weekly observations from Yahoo Finance stock market
index data for Asian-Pacific and U.S. markets. The observation period ranges from
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January 2000 to June 2010. We choose to work with weekly data to alleviate problems
associated with non-synchronous trading resulting from the fact that not all markets are
open during the same hours of the day. The missing data arising from holidays and
special events are assumed to be the average of the recorded previous price and the next
price. The specific markets are Australia (ASX All Ordinaries), China (Shanghai
Composite), Hong-Kong (Hang Seng), Japan (Nikkei 225), Korea (KOSPI), Malaysia
(Kuala Lumpur Composite), New Zealand (NZ All share), Singapore (Straits Times),
Taiwan (SE weighted), and the U.S. (S&P 500). Figure 1 plots the stock returns for
each market over the sample period. Weekly stock returns are obtained by taking the
logarithmic difference of the weekly stock index. That is, rt0(log Pt− log Pt−1). As we
expected, most of the stock markets have lost more than 20% in returns during the
2008 financial crisis except for Taiwan and Malaysian markets.

Table 1 shows sample statistics of the stock returns.We find that seven of ten markets
have positive weekly mean returns during the sample period. The U.S., Japan, and
Taiwan have negative weekly mean returns. The average returns range from −0.118%
(Japan) to 0.101% (Korea). Standard deviations range from 1.910% (New Zealand) to
3.980% (Korea). In terms of relative risk-return trade, the highest Sharpe ratio is for
Malaysia, followed by Australia and China.

The skewness and kurtosis measures imply that the rate of return is not likely
drawn from a normal distribution. As reported in the table, the excess kurtosis
signifies that the distribution has fat tails, and all markets show evidence of fat tails.
Also, the Jarque-Bera test strongly rejects the normality of the stock returns series.

Table 2 provides the correlations among the returns. Although the returns from the
ten countries in the sample are correlated, China stands out in that its returns appear to
be only weakly correlated to the rest. The highest correlation is between Singapore
and Hong-Kong (0.7527) followed by Australia and New Zealand (0.7178) and then
Australia and Singapore (0.6981). The lowest correlation is between China and the U.S.
(0.0417), China and Japan (0.1622), and China and Korea (0.1712). China has very low
correlations with all of the markets, thereby providing the opportunity for diversification
benefits. The U.S. and Japanese markets have high correlations with rest of the markets
except China, Malaysia, and Taiwan.

Empirical Methodology and Results

DCC-GARCH Model

This section employs the DCC-GARCH model (Engle 2002) to measure time-
varying conditional correlations among various stock markets. This model provides
a useful way to describe the dynamic evolution of a large correlation matrix over
time, which allows us to detect dynamic investor behavior in response to news and
innovations. In addition, the DCC-GARCH model is appropriate to examine possible
contagion effects due to herding behavior in emerging markets during financial crisis.
The stock market returns are assumed as the following demanded process:

rt ¼ μþ "t;
"t=Ωt�1 � N 0; Htð Þ ð1Þ
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where rt is a n×1 vector of stock return index and εt is a n×1 vector of zero-mean
residuals conditional on the information at time period t-1, with N multivariate
normal distribution. The multivariate conditional variance is specified as:

Ht ¼ DtRtDt ð2Þ
Where Dt is (n×n) diagonal matrix of time-varying standard deviations obtained

from univariate GARCH (1,1) specification with
ffiffiffiffiffiffiffi

hii;t
p

on the ith diagonal, i01,2,3,
…,n. Rt is the n×n time-varying correlation matrix. Thus,

Rt ¼ diag Qtð Þð Þ�1=2Qt diag Qtð Þð Þ�1=2 ð3Þ
Where ðdiag Qtð Þ�1 2= ¼ diag 1

ffiffiffiffiffiffiffiffi

q11;t
p

; . . . ; 1
ffiffiffiffiffiffiffiffi

qnn;t
p��� �

:

The DCC specification is given as:

hij;t ¼ ρij;t
ffiffiffiffiffiffiffi

hii;t
p ffiffiffiffiffiffiffi

hjj;t
p

ρij;t ¼ qij;t
ffiffiffiffiffi

qii;t
p ffiffiffiffiffi

qjj;t
p and

qij;t ¼ ρij 1� a� bð Þ þ bqij;t�1 þ aηi;t�1ηj;t�1

i; j ¼ 1; 2; . . . ; n; and i 6¼ j:

ð4Þ

where qij,t (Qt) is the n×n time-varying covariance matrix of the standardized
residuals ηi;t ¼ "t=

ffiffiffiffiffiffiffi

hii;t
p

; ρij is the unconditional correlations of ηi,tηj,t and a, b are
nonnegative scalar parameters satisfying a+b<1.

As proposed by Engle (2002), the log-likelihood of the estimators can be written as:

L θð Þ ¼ � 1

2

XT

t¼1
nlog 2pð Þ þ log Dtj j2 þ "t

0
DtDt"t

� �

þ log Rtj j þ η
0

tRtηt � η
0

tηt

� �� 	

ð5Þ

Where n is the number of equations, T is the number of observations and θ is the
vector of parameters to be estimated. The first part of the likelihood function is the
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sum of the individual GARCH likelihoods and can be maximized in the first step over
the parameters in Dt. In the second step the correlation coefficients can be estimated
given the parameters estimated in the first step from the maximization of the second
part of the likelihood function.

Conditional correlations obtained from the DCC-GARCH model between U.S.
and Asian markets are plotted in Fig. 2. The correlations between the Asian markets
are relatively high, except the correlation with China. The average time-varying
correlations are quite similar to the unconditional correlation reported in Table 2.
However, the figures show that the pair-wise conditional correlations incremented
dramatically for all Asian financial markets during the 2008 financial crisis. The 2008
financial crisis period is defined from failure of Fannie Mae and Freddie Mac
(September 7, 2008) through the first repayment of Troubled Asset Relief Program
(March 31, 2009).

The correlations rise very quickly and reach their peak during the second half of
2008. Then, the conditional correlations decline and are steady after the peak. As the
financial crisis evolved and prices of most risky assets have declined due to the
contagion effect spreading through various channels, investors began to rebalance
their portfolios from risky to risk-free assets. This financial behavior can cause
sudden increases in correlations between international stock market returns. As a
result, the analysis of the pattern of the conditional correlations provides evidence in
favor of contagion effects due to herding behavior in Asian financial markets during
the 2008 financial crisis period.

TAR-GARCH Model

Financial researchers and practitioners have used a GARCH specification for mod-
eling the dynamics of the second moment of stock return distributions over time. The
advantage of this specification is its ability to capture persistence in the volatility and
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Fig. 2 DCC-GARCH correlations between the stock returns of the United States and Asian-Pacific markets
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leptokurtic distribution of stock return series. As the analysis is concerned with the
joint behavior of multiple stock returns, a multivariate GARCH model can gauge the
patterns of conditional return volatility, correlations and covariance. Many studies
have extended a univariate GARCH model (Bollerslev 1986) to multivariate cases.
An M-GARCH model can account for the correlation in various stock returns better
than univariate GARCH models.

Previous studies indicate that the impact of news may be asymmetric. Good
news and bad news may have different impacts on predicting future volatility.
The Exponential GARCH (EGARCH) model (Nelson 1991) and the Threshold
Autoregressive GARCH (TAR-GRACH) model (Glosten et al. 1993) have been used
to investigate the asymmetric effect on conditional variance. The TAR-GARCH
model is attractive because fewer parameters need to be estimated.

The model is estimated by TAR-GARCH (1,1) in mean equation as follows.

rit ¼ Γ 0 þ Γ 1rt�1 þ Γ 2rust�1 þ gh1=2it þ "it
"it=Ωt�1 � N 0; hitð Þ ð6Þ

hit ¼ w þ a þ ηdt�1ð Þ"i2;t�1 þ bhi;t�I ð7Þ

The market return rit is assumed to be related to its autoregressive component,
lagged stock returns of the U.S. market, and its own conditional standard devi-
ation hit

1/2. The innovation εit is conditional on the information set Ωt−1 with zero
mean and variance hit. The influence of volatility on stock returns is captured by the
estimated coefficient γ. The coefficient γ represents the index of relative risk
aversion (time varying risk premium). A significant and positive γ implies that
investors will be compensated with higher returns for bearing a higher level of risk,
while a significant and negative γ implies that investors will be penalized by bearing
risk. The presence of ht

1/2 in Eq. (6) implies the explicit trade between risk and
expected return.

The conditional variance equation is assumed to be predicted by the previous
variance ht−I and the square of the lagged error term εt−1

2. The size and
significance of α in Eq. (7) shows the magnitude of the effect imposed by the
lagged error term εt−I on the conditional variance ht. The size and significance of β
in Eq. (7) implies the existence of GARCH process in the error terms (volatility
clustering). If the size of the sum α and β is greater than one, the response function of
volatility increases with time.

The difference of variance equation from the traditional GARCH (1, 1) model is
that the positive and negative shocks are differentiated by using an indicator variable
dt−1. It takes a value of unity when the previous shock is negative and zero otherwise.
This will allow us to examine the asymmetry in volatility with respect to εt−1. A
positive η implies that a negative innovation increases conditional volatility. As a
result, the asymmetric effect is captured by the hypothesis that η>0.

We first look at the mean equation. The AR (1) term is significantly negative
for Australia, Hong Kong, Japan, Korea, and Singapore. This finding is in
agreement with the evidence in the literature in that AR (1) is negative as the
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presence of positive feedback trading in advanced markets. However, AR (1) is
not significant for China, Malaysia, Taiwan, and the United States. The effect of
lagged U.S. stock returns on Asian stock returns is highly and consistently
significant. Consistent with the finding in literature, we do not find any statistical
significance by including a conditional variance term in the return equation. Thus,
it is clear that the estimated conditional volatility cannot predict future expected
returns.

With respect to the estimates of the variance equation, the evidence shows
that all of the GARCH parameters are statistically significant. This is consistent
with the volatility clustering phenomenon observed in most financial markets.
The hypothesis of no asymmetric effect is strongly rejected in most of stock
markets under investigation. It implies that bad news an impact on conditional
variance. However, China and Malaysia, which have low correlations with the
U.S., provide very little evidence of volatility feedback. The sum of estimated
coefficients is closer to unity, meaning that the evolution of volatility occurs in
a persistent fashion and that the shocks may persist over a longer period of
time.

Table 3 also provides the results of ARCH – LM test that carries out Lagrang-
ian multiplier tests to check whether the standardized residuals exhibit additional
ARCH. If the variance equation is correctly specified, there should be no ARCH
left in the standardized residuals. The null hypothesis of no ARCH cannot be
rejected. In addition, the calculated Ljung-Box values show that the null hypoth-
esis of the absence of autocorrelation up to 12 orders cannot be rejected.

Conclusions

The objective of this paper is to examine the stock market linkages within the
Asian region and between Asian markets and the U.S. market from January 2000
to June 2010. In this regard, previous studies have pointed out that diversification
benefits would decrease with higher financial integration. Based on the results, the
linkages between Asian markets and the U.S. market are significant in all cases
except for China. There are no substantial opportunities for global investors to
improve their portfolio risk-return performance during the 2008 financial crisis.
However, there is still substantial opportunity to improve the risk-return perfor-
mance between China and other markets. From the unconditional correlations and
time-varying correlations, the Asian markets are highly correlated within the
region and the U.S. market.

Furthermore, our findings show that the U.S. market significantly affects the
markets in Asia-Pacific region. The hypothesis of no asymmetric effect is strongly
rejected in most of stock markets. However, Chinese and Malaysian markets provide
very little evidence of an asymmetric effect on conditional variance. For further
research, one should study how dynamic correlations will be changed in global stock
markets before, during, and after the 2008 financial crisis. This might help us
understand the application of portfolio diversification strategies as well as the vul-
nerability of a financial system to financial contagion.
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