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ABSTRACT

This paper presents a bivariate conditional variance model to analyze
individual national stock returns in Asian countries and their interaction
to the foreign exchange rate changes. Using lagged national stock return
as a local factor, our evidence indicates that most markets display
significant autoregressive process, rejecting random walk hypothesis.
Our findings also conclude that the regional and world factors, proxied
by Japanese and US stock returns, respectively, have a positive effect on
the Asian stock returns. The estimated results suggest that the national
stock returns and the value of national currency are positively related,
suggesting that a higher stock returns is encouraged by an appreciation
of national currency. Finally, the model has been estimated in the
framework of a bivariate GARCH(1,1) process. The results derived from
this study indicate that both variance and covariance terms are time
varying. This suggests that, in pricing international assets, the
conditional variance-covariance process should be more explicitly built
into the model in order to account for the time-varying risk.

JEL classification: F31, F36, G15

Keywords:  Exchange rate risk; Stock return; Bivariate GARCH, Asian stock
markets

Copyright©2000 by SMC Premier Holdings, Inc. All rights of reproduction in any form reserved.



98 Chiang, Yang, and Wang

I. INTRODUCTION

Market crashes in October 19, 1987 and August 31, 1998 indicate that
the stock markets are frequently subject to big changes, especially when
the markets have been experienced a substantial gain for a given period
of time. In reviewing recent stock market behavior, we find that stock
price changes are not necessarily associated with the big event. Rather,
the following time series behavior is present. First, the national stock
price indexes have been drifting in a persistent fashion although the
randomness is still an important component in dictating the series
movements. Particularly, it has been observed that in the short run, the
prices are more likely to follow an extrapolative behavior; however, in a
longer time horizon, they display a mean-reversion phenomenon.
Second, price movements are extremely volatile. The source of volatility
is not necessarily coming from domestic market. Rather, the reaction of
market volatility is oftenly contagious to global occurrence. Third,
recent market developments have highlighted growing interactions
among global financial markets. These interactions not only come from
the stock markets per se but also spill from other markets, such as bond
and foreign exchange markets. We have witnessed the significant
impact on stock markets due to the collapse of the foreign exchange
markets in major Asian countries since the mid of 1997. In response to
these market phenomena, empirical research has developed into the
following paths.

The first approach attempts to examine the relationship between
expected returns and risk, particular attention has been given to the
cause and modeling of risk. For instance, French, et al. [14] find
evidence that expected market risk premium of stock portfolio is
positively related to the predictable volatility of stock returns. Lee and
Ohk [26] and Glosten, et al. [15] employing ARCH-M and GARCH-
models, respectively, present additional evidence on the relationship
between risk and return for the US data.

The second line of approach emphasizes the significance of co-
movements of international stock indices. Researchers such as Jeon and
Chiang [17] and Kasa [21] tackle the issue of international stock
linkages by exploring time series factors that are commonly shared by
individual national markets. By employing multivariate cointegration
tests, Jeon and Chiang and Kasa find evidence to support the existence
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of a common stochastic trend in a system formed by the major stock
exchanges.

Besides, attention has been directed to examine the nature and
the lead and lag pattern of information transmitting. For instance, in
their investigation of an international transmission mechanism in stock
market movements, Eun and Shim [12] found that innovations in the
US market are rapidly transmitted to the rest of the world. King and
Wadhwani [23] also demonstrated a contagion effect - in that price
changes in one market can be transmitted to other markets through
information assessment and inference. Moreover, Hamao, et al. [16]
reported that price volatility spills over across markets. Theodossiou
and Lee [33] and Chiang and Chiang [5] concluded that national stock
market volatility is caused mainly by U.S. stock return volatility,
although a weaker effect was found in the risk measured by
macroeconomic volatility and exchange rate variations. In sum, the
accumulated evidence indicates that international linkages and
interactions among international stock markets have increased in 1990s,
indicating that national markets have grown more interdependent
(Koutmos and Booth [24]).

Despite a substantial amount of empirical research analyzing
stock market behavior, most of the studies concentrate on a few major
developed stock markets. Their investigations are focused on the
relationship between national stock returns. Very few attempts have
been devoted to: (1) the study of the newly industrial countries such as
Taiwan, Hong-Kong, South Korea, and Singapore, etc. on the
comparable research and (2) examining the interactions between the
foreign exchange rate changes and the stock returns.

In light of current impact of Asian financial market crisis, in this
paper we present a bivariate conditional variance model to analyze
individual national stock returns and their interaction to the foreign
exchange changes. Thus, in modeling national stock behavior, the
return equation is assumed to be explained by its own lags, the cross
correlations and the changes of foreign exchange rates; while the
variance equation is assumed to follow a bivariate GARCH(1,1)
process.

II. DATA AND TIME SERIES PROPERTIES
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A. Data

In this paper, we employ daily data for the period from January 1, 1990
through February 10, 1998. The stock market indices and exchange rates
are for Taiwan, Hong Kong, South Korea, Singapore, Malaysia,
Philippines, Indonesia, Thailand, Japan, and the United States. The
stock return is defined as the natural log-difference of daily stock
prices. The exchange rate is defined as the units of national currency
per U.S. dollar. All of the indices are expressed in local currency. All of
the data are obtained from Data Stream International.

B. Autocorrelation and Cross Correlation

To obtain some basic information in relation to the time series
properties for stock returns, R;,t , and changes of exchange rates, R;,t ,

(where superscript "i" refers to the indices for Taiwan, Hong Kong,
South Korea, Singapore, Malaysia, Philippines, Indonesia, Thailand,
and the first subscript "s" refers to stock prices and "x" for exchange
rates), we calculate the autocorrelations for each market with a 5-day
window. The results of stock returns and changes of exchange rates are,
respectively, presented in Tables 1 and 2. Comparing the estimated
coefficients with the corresponding standard error, the evidence shows
that the coefficients of the autocorrelation function are positively
significant for one or two day lag. However, changes in exchange rates
present longer lags. Evidently, the random walk hypothesis is clearly
rejected for most of the Asian countries, both for the daily stock returns
and change in exchange rates. When we examine the jointly significant
for the independence of ten-day lags, the null is uniformly rejected by
the Ljung Box Q-statistics, indicating some degree of dependency
existing over the 10 days window.

Next, we look into the cross correlations of stock return for each
country with respect to that of the US and Japan. The statistics reported
in Tables 3a and 3b are calculated from two-day leads to two-day lags (-
2 to 2). With the exception of one or two instances, the evidence
strongly indicates that the stock returns are significantly correlated
with the US or Japanese market contemporaneously or with one-day
lag, signifying a spillover effect in the mean equation.
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Finally, as shown in Table 3b, we investigate the cross correlation
between stock return and exchange rate change. The evidence shows
that the contemporaneous correlation is more significant although up to
two day lags are also significant. One important information emerging
from this test is that the exchange rate risk appears to be an important
argument in explaining the stock returns.

III. THE STOCK RETURN AND CONDITIONAL VARIANCE
A. Univariate Model

A univariate stock return equation with a conditional variance model
can be expressed as:

Ri=pZiq+er, (1)

hi =ni + A(L)elel + BL)h], )

where R; is the daily stock return for market index, ¢; is an error term

from the return equation, hf = E(gfgf ) is a conditional variance and L is
the lagged operator.2? Equation (1) states that the stock return is a
linear function of information set defined by Z. ;. The evidence from
the studies of the advanced countries suggests that market returns
depend on a set of information variables, Z f_l , such as dividend yields,

interest rates (term structure relationships), and risk factors (Glosten, et
al. [15] and Longin and Solnik [27]).

Since daily observations for these variables are not readily
available from the markets under investigation, we instead specify that

Z! | consists of the information derived from local, regional, and world
factors. Local (Country) information includes lagged market return
( é,t_p) and change in exchange rate against US dollar ( ;,t )- Regional
and world variables are, respectively, measured by Japanese stock
return (Rsﬂz) and US stock return (unts ). Specifically, we define:

Zi =R RP RYS Ri }.

S,t=p 7 Vs, t7 s, b 7Nt
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The variance equation in (2) is assumed to follow a finite GARCH
process. Notice that in a standard GARCH-M model, a conditional
variance term is usually treated as an independent argument included
in the return equation. The idea behind this is to capture the traditional
two- parameter asset pricing models by relating the means to the
variances (or standard deviations). Since the experience from finance
literature suggests that the GARCH(1,1) is sufficient to describe the
conditional volatility (Bollerslev, et al. [3]) and our empirical
experiment also indicated that the conditional variance variable
produces statistical insignificance, the variance equation seems
reasonably to be specified in a GARCH (1,1) instead of a GARCH (1,1)-
M process.

B. A Multivariate Conditional Variance-Covariance Model

A drawback of a univariate GARCH(1,1) process such as equation (2) is
that the model fails to take into account the information of covariance
between national stock return and exchange rate change. In their recent
research paper, Longin and Solnik [27] show that the correlation matrix
of international asset returns provides a useful information in forming
an optimal international portfolio. Moreover, the knowledge of
covariance between national stock market and foreign exchange market
can be employed as an important input in formulating international
investment strategy. To highlight this feature, the stock return and
exchange-rate change will be estimated jointly with a vector
GARCH(1,1) process.

Ri = +k R! +1 R? + 30 RY +Ya, Rl .16, (3
st =0 _210‘1,1‘ Sot—] Z%)Oﬂz,j St-j Z()%,j S Z()%,j xioj Tesi ()
= = = =

. k . .

Rlx,t =B + .Zlﬁl,lex,t—j + 81x,t 4
J:

hls,t =d, +d1815,t—lgls,t—1 + th;,t—l )

i i i i
hx,t =¢p + elgx,tflgx,tfl + e2hx,t71 (6)



INTERNATIONAL JOURNAL OF BUSINESS, 5(2), 2000 107

i i i i
hgo o =10 + e m18sx a1 + Tahge ()

where Ris’t is the daily stock return for market index i (i applies to Hong

Kong, Indonesia, South Korea, Malaysia, Philippines, Singapore,
Taiwan, and Thailand), Rix,t is changes of exchange rates, sis,t and six’t
are, respectively, the error term for stock return and changed exchange
rate equation.

Equations (3) and (4) are mean equations. Equation (3) states that
a national stock return is a function of its own autoregressive process, a
distributed lags of stock returns from Japanese and US markets and
changes of exchange rate, the latter captures the exchange rate risk.
Equation (4) specifies that changes of exchange rate are assumed to
follow an autoregressive process. In estimating the dynamic
relationship such as (3) and (4), it is crucial to determine the lag length.
Usually, Akaike, Schwartz, or Final Prediction Error methods is
recommended. In this paper, we shall rely on the significance tests on
autocorrelations and the cross correlation functions shown in Tables 1, 2
and 3. We believe this method is more consistent with the parsimonious
principle.

Equations (5) and (6) are variance equations for national stock
return and exchange rate, respectively, while (7) is a covariance
equation. All these equations are assumed to follow GARCH(1,1)
process.

IV. THE ESTIMATING RESULTS

The estimated results for equations (3) and (4) are reported in Table 4.
Several empirical findings are obtained from these Tables. First, with
the exception of Taiwan, the stock return series consistently display a
significant AR process. Second, the estimated results indicate that
coefficients on the cross returns for both Japan and US have positive
sign and are statistically significant at the current and lagged one day.
Third, the coefficients on the exchange rate terms are negative and
statistically significant, meaning that stock returns are positively
correlated with the currency appreciation. As far as the exchange rate
equation as concerned, with the exceptions of Japan and Singapore, all
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the other exchange rates show certain types of AR process. Particularly,
Hong Kong's market displays a negative AR(1) pattern, while the other
Asian currencies have a positive AR(1) process, indicating that a
depreciation (appreciation) of the national currency tends to have
further depreciation of the currency. This underlying pattern provides
a useful information in manipulating the market, rejecting the efficient
market hypothesis.

Taking the evidence together, the estimated results show that the
local, regional, and world factors all have explanatory power.
Interpreting this evidence differently, the stock returns in Asian
countries are highly correlated with the stock returns in Japan and US
as well as the value of the national currency.

Since the Q2(10) for both stock return and exchange rate
equations are all highly significant, the constant variance assumption
for the residuals is uniformly rejected. We estimate equations (3)
through (7) jointly. The estimates of the return equation are reported in
Table 5. The evidence from the return equation produces very similar
results as that we obtained from Table 4. Particularly, the stock return
for each country is positively correlated to its own lags (except Japan
and Taiwan) and also positively correlated with Japan and US in
current and/or one-day lag. The only exception is in the Korean
market, we do not find any evidence signifies a significant correlation
with these two advanced countries. As before, the exchange rate is also
statistically significant in explaining the stock return although the time
lag varies from country to country. A general information revealing
from the estimates indicates that the coefficient has a negative sign,
meaning that the stock return is positively correlated with the
appreciation of the national currency. One possible explanation of this
is that an appreciation of the national currency signifies the strength of
the national economic power, especially in its performance in the
foreign sector, creating a confidence and optimistic perspective in stock
market. Since most of the Asian countries are exported oriented, the
currency appreciation leads to stock market appreciate as well.
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Table 6 gives the estimated results of the variance-covariance
equations. The coefficients in Panels A and B show significant
GARCH(1,1) effects for all countries. Interestingly, the estimates of the
conditional covariance in Panel C are found to be significantly
explained by the cross product of past shock and/or its lagged value,
indicating that the covariances are time varying. This evidence is
consistent with the findings by Engel and Rodrigues [10] in that the
time-varying conditional variance-covariance process should be more
explicitly built into international asset pricing models.

V. CONCLUDING REMARKS

In this paper, a multivariate conditional variance-covariance framework
is used to analyze the behavior of various Asian stock markets. This
paper explores information derived from local, regional, and world
factors to interpret the national stock returns. First, using lagged
national stock return as a local factor, our evidence indicates that most
markets under investigation display significant autoregressive process,
rejecting random walk hypothesis. Our findings also conclude that the
regional and world factors, proxied by Japanese and US stock returns,
respectively, have a positive effect on the Asian stock returns, although
the lag length varies from country to country.

Next, the estimated results suggest that the national stock returns
and the value of national currency are positively related, suggesting that
a higher stock returns is encouraged by an appreciation of national
currency.

Finally, the model has been estimated in the framework of a
bivariate GARCH(1,1) process. The results derived from this study
indicate that both variance and covariance terms are time varying. This
suggests that, in pricing international assets, the conditional variance-
covariance process should be more explicitly built into the model in
order to account for the time-varying risk.

NOTES

1. Inliterature, evidence has shown conflict signs for the relationship
between return and risk. This is reconciled by Glosten, et al. [15] by
arguing that the investor may want to save more in the current
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period against the uncertainty of the future. As a result, a lower
risk premium is demanded.

Due to lack of daily risk-free asset returns in these markets, that
prevented us from using excess return variable in the return
equation (Baillie and DeGennaro [1], Chou [6], Choudhry [7], and
Kim and Kon [22]).

The error term may be specified as an MA(1) process to capture the
effect of non-synchronous trading (Ballie and DeGennaro [1]).
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