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Abstract:

This paper examines the integration and causality of intendepeies among six major East Asian
stock markets before, during and after the 1997-1998 Asian fihansia. For this purpose, we
use daily stock market data from July 1, 1992 to June 30, 2008¢ahcurrency and US dollar
terms. Multivariate VAR results show that the relatiopstbetween East Asian stock markets are
time-variant. Specifically, the integration of East Asgock markets was strengthened during as
well as after the 1997-1998 Asian financial crisis. Furthernveedjnd that the Singaporean and
Hong Kong stock markets are two interactive and influentakets in the region, while our results
do not support the leading role of Japan. As of the Asiandial crisis, the stock markets in
Taiwan and South Korea became largely influenced by but do metrhach impact on the other
East Asian markets. Overall, the Chinese stock magmains an isolated market, despite the
country’s increased importance in the world economy. Finaltprporating the US stock market
in the analyses reveals that it has a large influendeashAsian stock markets — except for China —
in all subperiods whereas the reverse does not hold true. in Yietre recent years, the interactions
among most East Asian countries and the USA were strengtisemeewhat, consistent with the
idea of increased global capital market integration.

Keywords: Interdependency, VAR analysis, Granger Causality, Co-iaiegr, Impulses response
analysis.
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I. Introduction

Numerous studies have investigated the transmission mechaofistogk price movements across
international equity markets and how these mechanisms may cbesgéme. This is indeed a
non-trivial research question as changes in the covariang#use of cross-country stock returns
affect asset prices and the return volatility of investtrportfolios. As argued by Stulz (1995) and
Karolyi and Stulz (1996), among others an increase in thesgiaoges will lead to fewer domestic
risks that can be diversified internationally. Yet, whepi@ markets become more globally
integrated, the risk premium on the world market portfoliikely to decrease and, as a result, the
cost of capital for individual firms may fall as well. Fd#veloped countries, the literature indeed
has pointed out a high degree of stock market integrationedrkan and Shachmurove (1997), for
instance, conclude from a Vector Auto-Regressive (VAR) modlelaily stock returns that most
European stock markets are closely connected. Likewise, Wieste (2004) demonstrates that
any lead-lag relationships within Europe have disappeared #fé introduction of the Euro
whereas Quan and Huyghebaert (2006) document that the Euro evenegrdantiter integration
of European stock markets with those in the USA and Japan.

In emerging countries, however, capital markets likely ese globally integrated and hence
stock market segmentation may still be a highly importauels Korajczyk (1996), for example,
shows that stock market segmentation — although declining overtitends to be much larger for
emerging markets than for developed ones. This study adgests that explicit capital controls,
capital market development, and economic growth in emerging teafeall related to the degree
of stock market integration. Likewise, Carrietial. (2001) document a time-variation in the level
of integration among eight emerging markets, in particul@enAtina, Brazil, Chile, India, South
Korea, Mexico, Taiwan and Thailand. While a lot of crossiseal variation in the level of stock

market integration remains, these authors also highlight itltagration is rising with time.
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However, not all research points in this same direction.ka&® and Harvey (1995), for example,
estimate the degree of stock market integration for 2leldped and 12 emerging market
economies. They conclude that some emerging markets did benomeeintegrated over time
whereas others — including Chile and India — have become léss so

In this paper, we wish to examine the degree of stock manregfration among six major
East Asian countries, including both developed and emerging beesapan, Singapore, Hong
Kong, Taiwan, South Korea and China. For one thing, empirigele® on the co-integration of
stock markets in Asia up till now have yielded mixed reqtg., Chung and Liu, 1994; DeFusco
et al, 1996; Masih and Masih, 1999; Ng, 2000; Manning, 2002). Besideslswevant to find
out the direction (causality) of stock market interdependenoi@sletermine whether the enhanced
importance of China in the region and the world economy has edfé¢lce co-movement of stock
prices in East Asia. Indeed, China has received scamtiaften this prior research on Asian
stock market integration. One exception is Huah@l. (2000), who examine the causality and
co-integrating relationships among the stock markets of thieedl States, Japan, and the South
China Growth Triangle (SCGT), i.e. Hong Kong, Taiwan, ShanghdiShenzhen, over the period
from October 2, 1992 to June 30, 1997. These authors conclude thatisChardly integrated
with other Asian stock markets. Bahang and Shin (2003) reaoilar conclusions from
examining China, Japan, South Korea and the USA during the p&®@t-2000. Although
Bahang and Shin analyze a more elaborate period, they do noteett@guossibility of changes in
China’s integration with other stock markets over timeeveéitheless, with the development of
China’s capital markets since the beginning of the 1990s, its lnog@mic growth in more recent

years and its enhanced economic interactions with the world thrimogorts/exports and FDI,

! Besides, Bekaert and Harvey (1995) show that #term volatility in emerging markets is greaterrthhat in
developed markets. Also, emerging markets may lgaeater leptokurtosis, with more pronounced flatitns (see
also Huanget al, 2000).
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China’s integration with other stock markets in Asia and thedvody have been affected (based
on the conclusions of Korajczyk, 1996). So, in this paper we twisfrexamine the co-movement
of stock prices in East Asia during an extended time windawn fiuly 1, 1992 to June 30, 2003,
and thereby take into account potential changes in stock marketépendencies over tirfie.

In these analyses, we will pay special attention to dffiects of the 1997-1998 Asian
financial crisis. The reason is that the relationshigsvdéxen stock markets may change due to
some major economic event. Granger and Morgenstern (1970), forpkexaargue that the
existing linkages among stock markets are likely to becom&hrstronger in the case of a crisis,
due to a marketontagion effect Hilliard (1979) already found this effect when studying stock
market returns during the 1973-1974 OPEC crisis. Regarding the 1987 nséwk&t crash,
Hamaoet al. (1990) document significant price-volatility spillovers from Newark'to London and
Tokyo, and from London to Tokyo. However, it is not entirely cleartidresuch crises have a
long-lasting impact on stock market interdependencies. €hain(1997) conclude that the 1987
stock market crash did not promote any enduring integration arherigtcountries in their sample.
Likewise, Forbes and Rigobon (2002) find no significant increaseoss-market correlations after
the 1987 stock market crash, the 1994 Mexican peso devalaaticihe 1997-1998 Asian financial
crisis after calculating heteroskedasticity-adjusted catioel coefficients. In contrast, Tan and
Tse (2002) and Yangt al. (2003), who also focus on the 1997-1998 Asian financial crisis,
conclude that both long-run equilibrium relationships and short-thmmamic causal linkages in
Asian stock markets were strengthened in a lasting mdohewing this crisis. Hence, in this
paper we also wish to carefully re-examine the impact tti@tAsian financial crisis has had on

stock market co-movements in East Asia.

2 The US stock market will be included in subsequematyses, to examine its linkages with East Astaok markets.
% Karolyi and Stulz (1996) argue thaintagionresults when (lack of) enthusiasm for stocks ia orarket brings about
(lack of) enthusiasm for stocks in other markeggardless of the evolution of market fundamentals.
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To investigate the above research questions, we cautiousijodewur research design.
Indeed, mixed results in prior research on East Asia may been partly due to different research
methodologies, sampling frequencies and sample periods. Soy teedigal with these issues by
investigating stock market co-movements using a multiean#ctor Auto-Regressive (VAR)
framework rather than focusing on the bivariate relationsdmpsng the various markets. Thereby,
we meticulously account for the structural breaks that thenA8rancial crisis may have
engendered. Also, as the optimal lag length is a cruai@npeter in these models and the tests
that are based upon them, we use the Sims likelihood-rattito tegrrectly specify the various VAR
models. Furthermore, we implement co-integration testsxéonime the long-run equilibrium
relationships — if any — among stock markets in the East As@on while generalized rather than
traditional orthogonalized impulse response analyses are useglte @ut the short-term causal
linkages among the markets in our sample. All the above aradysedone using daily data in
both local currency and US dollar terms, respectively. Ilyinge also examine a more elaborate
time period, from July 1, 1992 to June 30, 2003, thereby covéviagears before and five years
after the 1997-1998 Asian financial crisis. We therefore shouldbbe to identify possible
time-variant integration among East Asian stock markets, thadrelation between the Asian
financial crisis and stock market co-movements.

Overall, our results show that stock market integratioBast Asia was strengthened during
the 1997-1998 Asian financial crisis, but not in a lasting manner. edndbe data point out a
strong but transient market contagion effect during that pesibdre the Hong Kong stock market
played a very important role in spreading the crisis. Istegly, the impulse response analyses
reveal that in more recent years, interdependencies emr@nced again in most countries, except

for China, consistent with the idea of increased global dapdégket integration. On the one hand,
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most East Asian stock markets are now more heavily affdayea one unit shock in another
country than during the crisis. Nevertheless, stock marketSast Asia in general bear no
long-run equilibrium relationship and thus do not exhibit joint underlyorges that drive their
long-run swings. On the other hand, incorporating the USA imnlaé¢yses also makes clear that
in recent times the US stock market has become somewhat@spansive to shocks in East Asia.
Besides, during the Asian financial crisis, a one unitlslone market may lead to a response in
the other countries that lasts for several days, suggdas@gtock markets in East Asia were not
highly efficient during that period. In contrast, we findtthafore as well as after the financial
crisis, responses generally take place on the same dayen iMakes two days to adjust, then this
can be attributed to differences in time zone and — fok stearkets in the same time zone —
differences in opening hours of the exchanges.

Next, our findings do not support the notion that the Japanese stykktns the leading
market in East Asia. During the Asian financial cribigswever, we do find that the Japanese stock
market leads that of Taiwan and South Korea. Rather, wendot that the stock markets of
Singapore and Hong Kong are two interactive markets and thasebefuring as well as after the
1997-1998 Asian financial crisis. Also, these markets arelyhigfluential in the East Asian
region, especially during and since the crisis, as a simooke of these markets greatly affects
share prices in Japan, Taiwan and South Korea. In contnasffaiwvanese and South Korean
stock markets have not much impact on the other East Asskets, pointing out their largely
endogenous nature. It was only during the Asian financial ¢hatswe found some leading role
of South Korea vis-a-vis Japan, Singapore and Hong Kong. In recemt years, the South
Korean stock market only Granger causes the stock markéapah and Taiwan. In addition, and

consistent with Huangt al. (2000) and Bahang and Shin (2003), we find that China is hardly
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integrated with the other stock markets in East AsiWhat's more, China’s stock market isolation
was not significantly reduced over time, despite its capitatket development and its huge
economic growth. Finally, our results indicate that the d8kstarket exerts a great influence on
all Asian markets — except for China — while the revegesgerally is not true. Indeed, it was only
during the Asian financial crisis that shocks in Japaneaspecially Hong Kong had some impact on
US stock prices, pointing out again the seriousness of thss.criNevertheless, in more recent
years, the impact of East Asian stock markets onRd®esprices has been strengthened somewhat.
The remainder of this paper is organized as follows. Settibriefly reviews previous
studies on Asian stock market integration, from which we drdarences for our own research
design. Section Il describes the data and employs unittestihg, while the empirical results
based on multivariate VAR modeling are presented in Set¥onFinally, Section V concludes

this paper.

. Literature Review and Implications

The empirical findings in the literature regarding the co-maegn and causality of Asian stock
markets are mixed and in some cases even contradictong edfrliest study of Asian stock market
integration utilizing a multivariate co-integration analysgsprobably Chung and Liu (1994).
Using weekly data denominated in local currencies during thedpfrfom July 1, 1985 to May 18,
1992, these authors build a system including five East Asiak stakets (Japan, Singapore, Hong
Kong, Taiwan, and South Korea) and the USA, and find two emiating relationships based on a
model with 24 lags. Following Chung and Liu (1994), DeFuetcal. (1996) examine weekly data
from January 1989 to May 1993, but denominated in US dollarsey @bnclude that there is no
co-integration between the USA and the Asian countries in sheiple, i.e. Taiwan, South Korea,
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Thailand, Malaysia and the Philippines. In fact, their tesen suggest that capital markets are
segmented. Masih and Masih (1999) collect daily data froonuBey 14, 1992 to June 19, 1997,
expressed in US dollars. They find one co-integrating vemtoong four Asian markets, i.e.
Singapore, Hong Kong, Malaysia and Thailand, and four major ajgeelcountries, i.e. the USA,
Japan, the UK and Germany. Manning (2002) examines both weedlyjzarterly data from
January 1988 to February 1999, denominated in both local curredcy@rdollar terms. His
system includes Japan, Singapore, Hong Kong, South Korea, Indonefagsis, the Philippines,
and Thailand, and alternatively excludes or includes the tStates. His general conclusion is
that there are two common stochastic trends, indicatingapartinvergence of the indicés.
Furthermore, Ng (2000) investigates the magnitude and changing mdtthe return and volatility
spillovers from Japan and the United States to six eaBdsin equity markets for the period until
the last week of December 1996.Besides the effect of world factors (proxied by the UfBlst
market), he finds significant spillovers from the region (cegd by the Japanese stock market) to
many of the Pacific-Basin countries.

Some studies focus in more detail on stock market co-integrdtring the 1997-1998
Asian financial crisis, in particular on the impact thi@s financial crisis has had on Asian stock
market co-movements. For example, Ghathal. (1999) document pairwise co-integration
between some Asian-Pacific stock markets and the USA fanJaluring the 1997-1998 Asian
financial crisis. For this purpose, they collected daily datpressed in local currency terms.
Sheng and Tu (2000), also using daily data in local curreneijgsttmo co-integration between the

USA and many Asian stock markets in the year before thes drut find one co-integrating vector

* His results also show that using another frequeritiie data and different denominating currenaféect the number
of countries that determine these two common stichtiends.

® The starting point of their data collection depend the country. For example, for Hong Kong, daad the USA,
the data gathering starts in March 1975 whereasishiuly 1983 for South Korea, November 1980 faldysia, July
1986 for Singapore, October 1986 for Taiwan, andlA985 for Thailand.
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during this crisis. Furthermore, Tan and Tse (2002) include daily in local currencies during

1988-2000 in a nine-variable VAR model, to examine the dynamic kskagong the USA, Japan

and seven other Asian countries. They conclude that stadkets appear to be more integrated
after the crisis than before, and that Asian markets arehmastly influenced by the United States
while the impact of Japan is increasing. Yet, they do xan@e whether the various markets are
co-integrated.  Finally, Yanget al. (2003) examine the multivariate long-run equilibrium
relationships and short-term dynamic causal linkages amongoaitie rmarkets of the USA, Japan

and ten other Asian countries (Hong Kong, India, Indonesia, SoutraKbfalaysia, Pakistan, the

Philippines, Singapore, Thailand, and Taiwan), with particuf@ntion to the 1997-1998 Asian

financial crisis. They find evidence of two co-integngtirelationships before and after the
1997-1998 Asian financial crisis. Like Tan and Tse (2002), ‘drg. also conclude that stock

markets in Asia generally have become more integratedtag crisis than before.

Regarding the research on the causality of stock marleeti@ggendencies in Asia, empirical
results again are mixed. The role of Japan as therléadke Asian region has been a highly
controversial issue in this debate. While Gheshal. (1999) as well as Masih and Masih (2001)
conclude that Japan is a market leader, other studies stigaiedapan does not play a pivotal role
in non-crisis periods. For example, Yagtgal. (2003) demonstrate that Japan did not have much
influence on the other Asian financial markets, neitrefote nor after the 1997-1998 financial
crisis.  Yet, during this crisis, stock markets in Hong ¢{dmdonesia, South Korea, Malaysia, the
Philippines, Singapore, and Thailand all responded significantlizdoks in the Japanese market.
Dekker et al. (2001) and Bessler and Yang (2003) even argue that Japarelstiaely isolated
market under normal market conditions, meaning that it neithfectaf nor is affected by
innovations (shocks) in other countries. Yaatgal. (2003) further suggest that the Singaporean
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stock market plays the role of market leader in the Asegion. A few other studies have shown
that especially the Hong Kong stock market is the most iriteeaand influential market in Asia
(e.g., Masih and Masih, 1999; Dekket al, 2001). Moreover, many papers find that the
Taiwanese stock market is normally an isolated mawkeL,(Ghostet al, 1999; Dekkeret al,
2001). Regarding the South Korean market, Yangl. (2003), among others argue that it is a
fairly endogenous market, as it responds strongly to shocks inaathetries without having much
impact itself on these markets; this effect became avenger after the Asian financial crisis.
Although the Chinese economy plays an increasingly importanirrélsia and in the world,
China has received scant attention in this prior empiresg¢arch. This may be partly due to the
short time period since the stock markets of Shanghai (1990) andi&ine(1991) in the Mainland
were established. Nevertheless, one could argue that thenaoroulture (Confucianism),
language (Chinese) and other traits may induce China’s integnaith at least some other East
Asian stock markets, especially Hong Kong, Taiwan and pediapsSingapore. What's more, to
the extent that one country’s economy can influence that of pfbeiastance through imports and
exports, their expectations about economic development mayntendat similar.  Then different
stock markets may also respond in the same way to economic simolckcsng the co-movement of
their share prices (e.g., Johnson and Soenen, 2003). Over dl® #ee economic linkages
between China and its neighboring countries indeed have beegthgned, through imports and
exports, and outright FDI. Finally, an increased crossijsbf Chinese firms on foreign
exchanges, in particular Hong Kong but also the USA, mag keahanced China’s stock market
interdependencies with these countries, as news about thesecbuld be reflected in several
markets within a short time period. So, stock marketsfferdnt geographic locations can then

exhibit a high degree of co-movement after a shock in one market



Starting from this prior research, our study will try toufig out the common long-run
stochastic trends and short-term interaction mechanisms atm®isgpck markets of six major East
Asian countries, i.e. Japan, Singapore, Hong Kong, Taiwanh 3area and China, and finally
include the United States as an additional market. Amtked and sometimes even contradictory
empirical results regarding stock market interdependentidsia mentioned above could be partly
attributable to different research methodologies, a wideerahgampling frequencies and sample
periods, there are some key features in our research desigst, different from many previous
studies, which typically have used several smaller —riditea— systems to model the relationships
among a large number of stock markets, this study willleyng multivariate VAR framework on
these six stock market indices to pinpoint their long-run and-gon interdependencies. Second,
as VAR models, Granger causality tests and co-integratiafyses are very sensitive to the number
of lags chosen (e.g., Brocato and Smith, 1989; Chung and Liu, €C86K;and Plummer, 2005), we
will employ lag-length tests and choose the ‘best’ lag tleritased on a likelihood-ratio test.
Although the Akaike information criterion and the Schwarz Bayesriterion always suggested a
shorter number of lags compared with the likelihood-ratiq testuding too few lags in the VAR
models could make it impossible to capture any delayed adjosimthe responses of one market
to movements in the other markets (or in its own markefonsidering more lags indeed is likely
to be important especially in an emerging-market context aneftimermay allow us to obtain more
robust conclusions. A final methodological issue is that traditiamthogonalized impulse
response analysis, which is based on the widely-used Cholesknpesition of VAR innovations,
is highly sensitive to the ordering of the variables. Hetius paper will employ a generalized
impulse response analysis, which is invariant to the ordefitige variables (see also Koepal,
1996; Pesaran and Shin, 1998). Given the strong contemporaneolwstioogelmong East Asian
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stock market innovations, especially during the 1997-1998 Asian fa&nisis, such a generalized
response analysis is likely to have important advantages.

Next, we will use daily data in this study to implement enpowerful tests of cross-country
co-movements. The reason is that weekly, monthly or quadeath could obscure interactions
between stock markets that last for only a few days, (Eup and Shim, 1989; Karolyi and Stulz,
1996)° Whereas most papers examining Asian stock market aitegrare conducted in local
currencies, we will consider data denominated in both local ayramd US dollar terms. Local
currency data abstain from the effects of exchangeisktewhich may be an important concern for
international investors. Bessler and Yang (2003), for examptthiat exchange rate adjustments
can influence long-run co-integrating relationships, although theyerally do not affect the
short-term dynamic linkages among stock markets. In thedobefore the Asian financial crisis,
some countries in the Asian region — Hong Kong and South Koeeth@ionly ones in our sample
who did this — were pegging their exchange rate to thel®i&r. Singapore, on the other hand,
adopted a currency board system, implying that its exchatgalsm could not float freely against
the US dollar. Using either local currency or US dollamt&eiis therefore unlikely to affect the
empirical results for those three countries, but the choice aéraxymay still matter for the other
countries in our sample. Besides, in the aftermath ofAgian financial crisis, currency issues

may have become more important, once countries allowed tireéncies to float freely against the

® However, when using daily data, we will have tketanto account differences in time zones and tgdiours of
exchanges when interpreting the results. The ogehburs of the six East Asian stock markets in sample is
highly overlapping, as the Japanese and South Kastxk markets are in the same time zone wheheasther four
stock markets, i.e. Singapore, Hong Kong, Taiwath @hina, also have their own time zone. Stillr¢hare some
differences in the opening and closing times ohestock exchange. For example, the Japanese stadiet is open
from 9:00 to 11:00 and from 12:30 to 15:00, white South Korean stock exchange is open from 9:0(5100, local
time. Besides, the Singaporean stock market is @@0-17:00, with a one-and-a-half hour break frb2130 to
14:00 whereas the Hong Kong stock market is opem f£0:00 to 12:30 and from 14:30 to 16:00 in sumtimee, and
between 9:00-11:30 and 13:30-15:00 in winter timg&lso, the trading hours of the Taiwanese stockharge are
from 9:00 to 13:30. Finally, the Shanghai stockkegin China is open from 9:30 to 11:30 in the ning and from
13:00 to 15:00 in the afternoon.
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US dollar (with the exception of Singapore, Hong Kong and CHina).

Finally, as different sample periods could account for diffefemtings, and taking the
1997-1998 Asian financial crisis into account, this study will comeexdended time period, from
July 1, 1992 to June 30, 2003 and split it up into three subsamplapttoe possible time-variant
stock market integration in East Asia before, during ater dfiis crisis. Hence, we divide the
entire sampling period into three subperiods. The first subsamplur study is from July 1, 1992
to June 30, 1997, which is the pre-crisis period. Accordinglitk @nd Plummer (2005), five
years should be a long enough time span to uncover the long-run eguiligfationships — if any
— among financial markets. In line with Sheng and Tu (2000) angd &taal. (2003), the period
used to examine the impact of the 1997-1998 Asian financia wifom July 1, 1997 to June 30,
1998. The post-crisis period then dates from July 1, 1998 to June 30, &f08 covering a
five-year window. In order to check the robustness of our resudtdurther split the post-crisis
period into two subperiods, as in Yaaigal. (2003). One is the transition period from July 1, 1998

to June 30, 1999 while the other should be a true post-crisis period

[ll. Data and Unit Root Testing

The data for this study were retrieved from Thomson Findsdidtastream, and consist of daily

stock market index closing prices from six major East Astank markets, i.e. the Japanese Nikkei
225 Stock Average (JP), the Singaporean Strait Times (8&}long Kong Hang Seng (HK), the

Taiwanese SE Weighted (TW), the South Korean SE Composig, (&hd the Shanghai SE

Composite (SH). Besides, we also collected data on the&FS500 Composite index (US). As

the sample period extends from July 1, 1992 to June 30, 2003, oplesaciudes 2,869 daily

" After the crisis, Singapore continued to use aengy board system whereas the HKD is still peggethe USD.
Finally, the Chinese RMB cannot be traded freely i exchange rate is more or less fixed agaiesttS dollar.
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observations for each series. All stock market indicegxeessed in both local currency and US
dollar terms. We subsequently take the natural logarithm ektdaily closing values. Daily
returns can then be computed as the first differenceach log-transformed series. This is
convenient, given that percentage growth rates of economiblesj like stock prices, are more
constant over time than absolute chanyesFigure 1 presents the data plot of the seven

log-transformed indices in local currencies.
*kkkkkkkkkkkkkk

Insert Figure 1

*kkkkkhkkkkkkkkk

We first implement unit root tests to examine whether tleeies of the seven
log-transformed stock market indices are stationary. Forptinigose, we start by employing the
commonly-used Augmented Dickey-Fuller (ADF) test to decidehenpresence of a unit root in

each of the index series. This analysis is based doltbeing equation:

LY, =n+ bY_, +a,LY, , +..+a LY, ., +u, 1)

The ADF-test is equivalent to examining whether the pateirmeis equal to zero. If we cannot
reject the null hypothesis that= 0, we can conclude that the series contains a unit root angsthus
non-stationary. However, since the true data-generating griscasknown, we first have to settle
some concerns about unit root testing.  First, the optimal nuohlteegsm in equation (1) needs to
be determined. Lags in the functifM., are used to make sure thits white noise. Ifmis too
small, residuals will not be white noise whereas a to@larwill reduce the power of the test. In
our study, we choose the optimal number of lags based on the r@dBayeesian criterion, using 15

days as maximurh. The second concern is about the deterministic componene afeffies, i.e.

8 Using this logarithm transformation also allowsteisnterpret the parameter estimates as elastiti
° In line with Eun and Shim (1989), Friedman andc®inaurove (1997), Janakiramanan and Lamba (199&kdbet
al. (2001), among others, 15 days should be enoughaasmam for this test, as too many lags will redtiez power of
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whether or not it should contain an intercept and/or a time treffler visually inspecting the data
in Figure 1, we decided to include an intercept in equafiprb(it no time trendf’

Table 1 reports the results of the unit root tests. Usidg &s cutoff level, the ADF-test
results in columns 2-3 of Panel A reveal that the null hypistiodsa unit root in the stock market
data cannot be rejected in any market during the full sampkngd These conclusions hold
when the series are expressed in local currency as svéliSadollar terms. In other words, all
series examined in this paper contain a unit root, whidorsistent with the idea of weak-form
stock market efficiency for the individual markets (e.@mi, 1970; 1991). Furthermore, when
testing for a unit root in the first difference of eachesgrit turns out that in none of these markets
such a unit root exists (not reported). In addition, we aiggl@y Phillips-Perron tests to examine
the presence of a unit root (not reported). The latter is aajeag¢ion of the ADF-procedure that
allows for milder assumptions regarding the error distributiokgain, the results show that all
series examined in this paper are integrated of ordeii.eng]).

Finally, Perron (1989, 1994) has argued that unit root test resajtsbenbiased when the
series contains a structural break. Therefore, Perron hexsdextt the ADF-test by incorporating
two dummy variables that represent a potential structurakbrethe regression equation in order
to test for unit roots. Specifically, the first dummy wahie takes the value of one after the
potential break date and zero otherwise; the second varifbke ttee value of one at this potential
break date and zero otherwise. As our sampling period ctiverd997-1998 Asian financial
crisis, it seems necessary to take two structural brieatke series into account when conducting

these additional unit root tests. We considered July 1, 1997uaed3D, 1998 as potential break

the test.

1% To judge on the appropriateness of these spedtfitstwe also have calculated the Ljung-Box Q matiwdjnostics
for each lag. These statistics (not reported) stimt the residuals are white noise under the talespecifications.
All results that are not reported in this paperarailable from the authors upon request.
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dates in the series, and subsequently generated four dunoni#ise$e two data points. The
results in columns 4-5 of Panel A show that once potential staldireaks are accounted for, the
South Korean SE Composite and the Shanghai SE Composite indieggyapdontain a unit root.
Nevertheless, the null hypothesis of a unit root still cannotjeeted for the other East Asian stock
market indices and the USA. In other words, the stock marélietes of South Korea and China
now can be considered as stationary whereas all otheis semeain non-stationary. These
conclusions again are independent of the numeraire that isussddlocal currency versus USD).
Finally, the ADF-test results for the various subperiods insamnple (i.e. pre-crisis, crisis
and post-crisis), as reported in Panel B of Table 1, atelithat all series in all subperiods are
non-stationary in the level of the index. Additional tests sh@t all series are stationary in the
first difference of the index (not reported). Given the ab@srilts, it seems necessary to not

mingle up the data of the various subperiods into one model enalyses hereafter.
*kkkkkkkkkkkkk

Insert Table 1

S
IV. Empirical Results: A Multivariate VAR Analysis
In this section, we examine the co-movement and causalibfesfiependencies among East Asian
stock markets, starting from a multivariate VAR model on tbheksmarket returns in the various
countries. Indeed, a VAR model is based on stationary statee have to take the first difference
of the log-transformed stock market indices, given the earti&ined unit root test results.  Also,
the results in Table 1 made clear that these VAR modelbestrbe estimated for each subperiod,

given the structural breaks that the 1997-1998 Asian financisis cengendered in some
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countries:’ The multivariate VAR model in first differences with no-integrating equation then

looks as follows:

DX = Go + GiDX 11 + GiDX1.2 + ... + GeaDX o1 + @ 2)

whereDX; is the vector containing the six log-transformed stock mankikces in first differences,
while &, G and e are the vector of constants, matrix of parameters angbrvet error terms,
respectively.

Based on the above VAR model, we first implement Grangeatigutests to figure out the
interdependencies among the East Asian stock markets iramymes Overallx is said to be a
Granger causeof y if the present value of can be predicted with greater accuracy by using also
past values ok rather than not using such information, all else equal (Grah§69). Thereafter,
we further examine the long-run equilibrium relationships among thaseets — if any — by means
of co-integration tests. Finally, we conduct generalized isgtdsponse analyses to uncover the
short-term causal relationships among the various East Akiak markets in our sample. As we
are particularly interested in the impact of the 1997-1998nABimncial crisis, we henceforth

examine the dynamic linkages among East Asian stock masdet®pduring and after this crisis.

1. Interdependencies among Major East Asian Stock Markets

First, we implement Granger causality tests during eachesigbpfor the entire sample of East

Asian stock markets, to examine their interdependenci€ereafter, we also incorporate the US
stock market in the analyses. As Granger causabtylteeare very sensitive to the number of lags

chosen (e.g., Brocato and Smith, 1989; Chung and Liu, 1994; ClicRlaminer, 2005), we first

1 We also estimated the model for the entire sarggiigriod, but this is not the base case of ouryaeal We discuss
the results from this model at the end of Sectioh.|
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estimated the VAR model with 15 days as the maximugnldémgth and then implemented a
lag-length test? Whereas the Akaike and Schwarz information criteria ateit that fewer lags
may be sufficient, we use the Sims likelihood-ratio ites$his part of the analyses in order to ensure
that all the dynamics in the data are being captured. rAsudt, the number of lags in the Granger
causality tests are 9, 3 and 13, respectively for the fsis;ccrisis and post-crisis analyses.
When the post-crisis period is considered to start atlJul99, the models include 8 lags. The
Granger causality test results are reported in Table 2eral, the findings in this part are not very
different when using local currency versus US dollars terms.

The results for the pre-crisis period point out that the Bagtn stock markets are rather
segmented before the 1997-1998 Asian financial crisis, consgtbnthe findings of DeFuscet
al. (1996). Using 0.05 as cutoff level, we only find some margiragjgificant evidence that the
Japanese Nikkei 225 Stock Average (JP) Granger causestitte orean SE Composite (KF).
Also, we document some marginally significant interactiochmaisms between the stock market
indices of Singapore and Hong Kong. The strongest resulttisfttiae Singaporean Strait Times
(SG) Granger causing the Taiwanese SE Weighted (TW}htsutelation is only significant when
returns are expressed in local currencies. Once the s starket is included in the analyses,
we find that it leads the Japanese, Singaporean, Hong Kongaandnese stock markets in local

currency as well as US dollar terms whereas the revterss not hold true. We find no interaction

12 \We believe that 15 days should be enough to cajste stock market’s response to innovations irther markets.
Eun and Shim (1989) and Janakiramanan and Lam®8)Hso use 15 lags whereas Dekéeal. (2001) use 9 lags.
Yanget al.(2003) use only two lags while Click and PlummedQ®2) use one and five lags in their VAR models.

13 For the crisis period, the FPE and AIC statisiicicate that two lags are sufficient whereas tBead HQ statistics
suggest that only one lag is needed. Given thairtipulse response analyses in Section IV.3 retdla one unit
shock in a market may lead to a response in ther aibuntries that can last for five to six daysimyithe crisis period,
we have checked the robustness of our results whieilg 6 lags in the Granger causality analyseshircrisis period.
Our results show that when using 6 lags, the Jagamearket does not interact with the Taiwanese ebavkile it is
leading the South Korean stock market. Also, timg&porean stock market lags the Hong Kong stoaketavhile it
is interacting with the Taiwanese stock market. | ofther results in Table 2 are robust.

14 When returns are expressed in US dollar termse tisessome marginally significant evidence that $iweith Korean
stock market is also Granger caused by the Singapand Hong Kong stock markets before the Asieanfiial crisis.
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mechanisms between the USA and either South Korea or Chilaen combined, these results
allow us to conclude that before the 1997-1998 Asian financial,cstsisk markets in East Asia
respond mostly to worldwide shocks while regional factors havarge impact on share prices.

During the crisis period, the Japanese stock market is norlasgsolated as before, as it
Granger causes the Taiwanese stock market and interdttsthat of South Korea. The
Singaporean and Hong Kong stock markets play a rather compeaoébia East Asia during the
1997-1998 Asian financial crisis. They are interacting stromgtil each other and are both
leading the Taiwanese SE Weighted while responding to innovaiiottee South Korean and
Shanghai stock markets. Yet, these results are somewbager for Hong Kong than for
Singapore. Once we incorporate the US stock market innhlysas, we still find that it only
Granger causes the Japanese, Singaporean, Hong Kong and $aigtme& markets and not those
of South Korea and China, as before the crisis. Yet, ititeghs we also find that the Japanese
and especially the Hong Kong stock market influence th&&IB 500 Composite index during the
1997-1998 Asian financial crisfS. So, shocks in these East Asian countries are directly
contaminating US stock market returns, pointing out again timuseess of this crisis.

Finally, in the post-crisis period starting from July 1998, 3apanese stock market is still
not much integrated with the other markets in East Assdt only Granger causes the Taiwanese
stock market whereas it is lagging the Hong Kong stock marke&smpared with the other markets
in the region, the Singaporean and Hong Kong stock markets aiateéxactive markets, where the
impact of the Hong Kong Hang Seng (HK) on the Singaporeant Siraes (SG) is somewhat
stronger than vice versa. Next, they both Granger caoclke market returns in Taiwan and South

Korea whereas the Hong Kong stock market also has some niigrgigaificant impact on the

!5 |n US dollar terms, however, the Japanese stockahdoes not Granger cause the US market durigrihis.
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Shanghai stock exchange and, as already pointed out, Japeaerall,Othese results become
stronger when the series are expressed in US dollar teamsrt local currencies. The Taiwanese
and South Korean stock markets are largely endogenous marketseyaare fundamentally
affected by but do not have much impact on the other EasinAsiarkets® As before, the
Shanghai stock exchange remains a rather isolated marketttadt 1997-1998 Asian financial
crisis. Finally, once the US stock market is includedhie analyses, we find that it is still a
leading market, now to all East Asian stock markets, ixter China. Moreover, the results
suggest that its impact on East Asian stock marketeeisgthened after the Asian financial crisis.
Next, we have split up the post-crisis period into a tramsiieriod from July 1, 1998 to
June 30, 1999 and a true post-crisis period from July 1, 1999 t®B0u2603, to examine in more
detail the changing nature of East Asian stock marketdependencies. Doing so should help us
to determine whether the increased stock market integras of the Asian financial crisis was
transient or permanent. Our Granger causality resultshéotransition period reveal that East
Asian stock markets again are fairly segmented duringpéi®d (not reported). We only find
that the South Korean SE Composite is Granger caused by thep&iegn Trait Times and the
Hong Kong Hang Seng whereas the US S&P 500 Composite indexaléattsck markets in East
Asia, except for China. For the period from July 1, 1999 to 30n2003, Table 2 shows that the
interaction mechanism between the Singaporean and Hong Katigrsairkets has become much
weaker (only significant at the 10% level), whereas these markets still Granger cause the
Japanese, Taiwanese and South Korean stock markets., thdstapanese stock market now leads
the Singaporean market whereas the South Korean SE ComposigeGecauses the Japanese

Nikkei 225 Stock Average as well as the Taiwanese SE WelghtFinally, the influence of the

16 Yet, when the series are expressed in US dotlaesSouth Korean stock market Granger causes thg Kong and
Taiwanese stock markets in the post-crisis period.
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USA in the region turns out to be even larger when consideriyglo@lperiod as of July 1, 1999.

Finally, we implemented Granger causality tests foetht@e sampling period (not reported).
Given the unit root test results in Table 1, we used thediiference of the log-transformed stock
market indices of Japan, Singapore, Hong Kong and Taiwan te thakn stationary whereas we
included the stock market data for South Korea and Chinaeitetrel. In this model, we also
included a dummy variable for the 1997-1998 Asian financial cugig;h equals one during the
crisis period and zero before as well as thereafter.erdly these additional results are largely
consistent with those for the after-crisis subperiod, exceptJdg@an is interacting with a larger
number of countries than is revealed in the subperiod analysisparticular, it is interacting
significantly with the Singaporean and Hong Kong stock markelsese results thus stress again
the importance of not mingling up the subperiod data and mayaitg explain why we find less
evidence of Japan’s leading role as compared with prior stgelig., Tan and Tse, 2002).

To conclude, although some studies have argued that the Jastoesemarket is the
leading market in the Asian region (e.g., Gheshl, 1999; Masih and Masih, 2001), our results do
not support this notion, at least not for the six East Asiark starkets that are included in our
study. In contrast to Tan and Tse (2002), we also do not findhgaamfluence of Japan has been
increasing in more recent years. Rather, our findings pointhat the Japanese stock market is
guite an endogenous market under normal market conditions; it waslunihyg the 1997-1998
Asian financial crisis that we found some increased impfatitis market on the Taiwanese, South
Korean and — to some extent — also the US stock marketer th# crisis, however, these effects
largely disappeared while the Japanese Nikkei 225 Stock AvéegEme sensitive to shocks in
Singapore, Hong Kong and South Korea. Second, the Singaporean asidllgsppe Hong Kong
stock market increased their influence in the region duri@gh\ian financial crisis. What’s more,
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this impact was even further strengthened after the 1997-1998 #saacial crisis, although our
results do not support the idea that this effect was diregtiged by the Asian financial crisis itself.
Indeed, our results suggest that more is going on than just tneamkiagion. During the crisis,
these markets were also highly responsive to shocks in o#strASian countries, in particular
South Korea and China, but the latter effects more clearlyedrt be of a transient nature. So,
unlike Yanget al. (2003), who point out that Singapore is the leading market, anith lsliag Masih
(1999) and Dekkeet al. (2001), who stress the leading role of Hong Kong, our findingsate¢iat
both countries have similar leading characteristics, épeas of the 1997-1998 Asian financial
crisis.  Yet, during the crisis itself, the influence of Hafwng was somewhat stronger. Besides,
our results point out that after the Asian financial criSm th Korea and especially Taiwan became
largely endogenous markets, responding to innovations from SingapotéoagdKong. At the
same time, the Taiwanese and, to a smaller extent, Sougak stock markets exert little influence
on the other markets in the region. Next, for the ShanghaC@#posite index, tests in local
currency as well as US dollar terms indicate thatnbisinteracting with any other East Asian stock
market included in this paper, and this during each examined rsathpeDuring the crisis,
however, we do find some marginally significant impacthef Shanghai SE Composite index on
the Singaporean Strait Times and the Hong Kong Hang Seng. rthgess, our findings make
clear that stock market in Shanghai remains quite isolatedore recent years, despite China’s
increased importance in the world economy. Apparently, theres@ne counteracting forces at
work that prevent China’s integration with other stock market€East Asia and the USA.
Following Korajczyk (1996), one important reason may be the restricon international capital
flows in China, which prevent foreigners from investing in Chengt®ck markets. Indeed, it was

only as of 2002 onwards that the Chinese government allowed Q&llgualified foreign
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institutional investors, to take some limited stake in gtock markets of the Mainland. At the
same time, domestic investors are (still) facing hugericgshs on international portfolio
investments. As the returns on alternative investments baugk deposits, are relatively low, a lot
of the growing middle-class’ accumulated savings have beanneled towards China’s stock
markets in more recent years, sometimes even relaxinqithedtween company fundamentals and
stock prices. Finally, once the USA is incorporated &n@ranger causality analyses, the results
point out that the US stock market is the leading markealidéast Asian stock markets that are
included in our sample, except for China, and this before, dasmwgell as after the Asian financial
crisis. Indeed, the S&P 500 Composite index Granger causss filve East Asian stock market
indices whereas there is no evidence of causality in ther alirection. It was only during the
1997-1998 Asian financial crisis that we find some impact pfidand especially Hong Kong on
US stock market returns. The impact of the USA on Easmstock markets was even further
strengthened in more recent years. Overall, our resulteseonccmovement of stock markets in
East Asia and the USA are consistent with prior finding€hbyng and Liu (1994), Dekkext al.

(2001) and Yangt al. (2003), among others.
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2. Long-run Equilibrium: Co-integration Analysis

Having verified the order of all series, we now test tlvbe a co-integrating relationship exists
among (some) stock market indices such that a stationary cdiobiraan arise out of the

non-stationary variables. According to Engle and Granger (1987ptmocét and Watson (1988),

co-integrated variables share common stochastic trends@imtegrating vectors purge these

trends from the linear combination of the variables. It iy doy identifying these long-run
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relationship(s) — if existent — that the short-term dynamécsbe described in an accurate manner.
The reason is that the short-term dynamic path of the studigbles has to bear some connection
with their deviation from the equilibrium relationship(s).

In order to examine the long-run equilibrium relationship(s) amongt Baian stock
markets, we implemented co-integration tests in each dodperThis co-integration analysis is
implemented by means of the Johansen test, which is basedvAR dramework. It can be

re-written in an error-correction (ECM) or differencedicas follows:

DXt = G + GDXt1 + GDXi2 + ... + GeaDXtwer + pXe1 + & 3)

where p= * ’; the elements of the matrix are the short-term adjustment parameters to the
long-run relationship(s) reflected in the matrirof the VAR model. The Johansen methodology
centers on estimating the matrix from an unrestricted VAR model and then testingthdrethe
restrictions implied by the rank gf, i.e. r number of co-integrating vectors, can be rejected.
Additional testing of the co-integration space spanned bgn produce further information on the
long-run market linkages. Here, particular interest is in h@amy markets are actually included in
each of the identified long-run equilibrium relationships, if anyhis can be tested by examining
whether j =0 in thei™ (i = 1, .., r) co-integrating vector for th& (j = 1, ..., 6) market.

Again, before implementing the tests, we need to firstigp¢he optimal lag length and
decide on including an intercept and/or time trend. As mentiabede, the optimal number of
lags for each model is selected based on a likelihood-rsito with 15 days as the maximum.
After visually inspecting the data, we included an interaefhe tests to reflect that all series have a

non-zero mean whereas we assumed that there is no timeirireadh of the series. Table 3
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reports the lag-length specification and co-integration testlteefrom the Johansen test for the
different subperiods, both in local currency and US dollar terms.

The Trace and Max test statistics in Table 3 indicatethigae is no co-integrating vector in
the pre-crisis (Panel A) and crisis (Panel B) periods @dteithere is one co-integrating vector
among the six East Asian stock markets after the 1997-1998 Asiartifiharisis (Panel C).
These findings arise when the stock market indices are exprieskexl currency as well as US
dollar terms. So, unlike Bessler and Yang (2003), we do ndtthat the co-integration results
change when accounting for exchange rate risk. The resulidgpre-crisis period is consistent
with the findings of DeFuscet al.(1996), Sheng and Tu (2000) and Ya@l. (2003). However,
unlike Sheng and Tu (2000) and Yaetcal. (2003), who suggest one and two co-integrating vectors,
respectively during the 1997-1998 Asian financial crisis, we fimeto-integrating equation. Our
findings thus indicate that the East Asian stock marketaiirsample have no shared fundamental
economic forces during that period.

For the post-crisis period, we also report the results (Ustaj currency as the numeraire)
when each stock market index is excluded — one-by-one — from theuorguilibrium relationship
identified by the above co-integration test. Using 0.05 asffdetvel, the results in Table 4 suggest
that all East Asian markets examined in this paper belonthdé same co-integrating system,
although the results are only marginally significant for JaggahChina. This conclusion is rather
strange, given the above-documented Granger causality résutte post-crisis period. So, we
checked the robustness of our findings by implementing a co-inteygtast for the period from July
1, 1999 to June 30, 2003. The results of this additional testpoeted in Panel D of Table 3 and
suggest that there is no co-integrating equation among tl&stxAsian stock market indices in our

sample, neither in local currency nor in US dollar terms. other words, the finding that there is

24



one co-integrating vector in the post-crisis period is not rolustlternative definitions of the

post-crisis period. So, we can conclude that stock marké&iast Asia evolve independently from
one another in the long run, consistent with stock marketieftig. Lastly, we cannot conclude
that the synchronized policy measures that were taken irategdafter the crisis — to reduce the
likelihood of a future catastrophe — are responsible for theaseteregional integration showing up

in Panel C of Table 3 as we find no co-integrating equatidmeinransition period (not reported).
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3. Short-term Relationship: Impulse Response Analysis

In this section, we examine the short-term dynamic caukslomships among East Asian stock
markets, with a special attention as to the influendbef1997-1998 Asian financial crisis on stock
market integration. For this purpose, we implement generaiimpdise response analyses for
three subperiods, i.e. before, during and after the Asian falasris. The post-crisis period here
is defined as the period from July 1, 1999 to June 30, 2003, tigeikast Asian stock markets are
largely segmented in the year following the Asian financiadis. Given that the unit root test
results revealed that the return series are integrateddef one and given that no co-integrating
relationship exists among the various stock market indicebendifferent subperiods, we can
directly employ the VAR methodology on the return series. Wesiiyate the impact of a one

unit shock rather than a one standard deviation shock, to adootim¢ changing volatility of stock

7 We also estimated a co-integration model for thiire sampling period. Yet, as the unit root tgststed out that
the South Korean SE Composite and the Shanghaid®tp@site do not contain a unit root, we do notudel these two
markets in this co-integration test for the ensiaenpling period. Lastly, a dummy variable for ft#97-1998 Asian
financial crisis, which equals one during the Asierancial crisis and equals zero before as weklfsar this crisis, is
added to equation (3) for the co-integration testhe entire sample (and to the VAR model thastimeated to decide
on the number of lags). Both Trace and Max tegissics in local currency and US dollar terms sgjghat there is
no co-integrating equation during the whole sanmgppieriod for the four examined stock markets, dapan, Singapore,
Hong Kong and Taiwan. In a final co-integratiostteve also included the USA in the system, butrafiad no
co-integration.
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returns over timé® Table 5 reports our findings. Figure 2 then visually prisstve results of
the generalized impulse response analyses during 20 dayaraftgrovation.

Table 5 and Figure 2 show that stock markets in the &Asiah region respond to shocks
with a high degree of efficiency, suggesting that thedétis scope to benefit from any lead-lag
relationships between stock markets. Indeed, it is only duhagl997-1998 Asian financial
crisis that we find an impact that can last for a lomgenber of days. In contrast, before as well
as after the crisis, we find that responses generally taloe in the same d&y. Also, when it
takes two days to adjust, then this in general can bhbutétd to differences in time zone and — for
stock markets in the same time zone — differences in oplpimg of the exchanges.

Table 5 further reveals that, consistent with the Grangemligutest results, stock market
integration before the 1997-1998 Asian financial crisis was vreiied. The strongest interaction
took place between the Singaporean and Hong Kong stock markets, avbee unit shock in the
Singaporean Straight Times induced a 0.74% response in the HongH&oggSeng on the same
day. Alternatively, a one unit shock in the Hong Kong stoekket caused a 0.31% response in
the Singaporean market. Besides, a one unit shock in Singafexrts atock market returns in
Taiwan by 0.16% on the same day and by 0.21% on the nextal@sistent with the fact that the
Taiwanese stock exchange closes before that of Singapeeefgotnote 6). Yet, the impulse
response analyses point out that stock market interdependemmiesstrengthened during the
1997-1998 Asian financial crisis, consistent with the Granger lifgusest results. As a
consequence, the volatility in one stock market due to shadkeiother East Asian markets was

relatively large during the period surrounding the Asian firdmeisis, but this effect turned out to

18 Results in local currency and US dollar termsracee or less the same, so we just report the geisulocal currency
terms here. Dollar-denominated results are availibm the authors upon request.

9 Yet, the Shanghai stock market seems to reactwbatemore slowly when compared with the other Hesian
markets, although this effect has been reduced tmer. As an example, before the Asian financiasis, its
responses to an innovation in other East Asiantciesnand the USA are largest on day 2 and 3, otispéy.
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be only temporary. Furthermore, it is interesting to obsdraethe Singaporean and especially
the Hong Kong stock market were reacting more heavily to sHomksother countries during the
crisis period than thereafter. The reverse holds tru@dipan, Taiwan and South Korea, i.e., their
reactions to shocks in the other countries actually are stramgjee post-crisis period. Hereafter,
we will discuss our results mainly for the crisis and postscperiod, country by country.

First, for the Japanese stock market, we find that duhegtisis period, the Singaporean
and especially the Hong Kong stock market respond most heavigt&ssin Japan, i.e. 0.31% and
0.61%, respectively on the same day. In contrast, the Jspamarket reacts by only 0.20% and
0.23% to an innovation in the Singaporean and Hong Kong stock maekeectively. In the
post-crisis period, the South Korean stock market responds mds6%% on the same day, while
the Singaporean and Hong Kong markets show responses of 0.39%8%d fespectively to a
unit shock in the Japanese market. Taiwan’'s SE Weighted sesrég 0.32% on the same trading
day and by 0.15% on the next day to a one unit innovation in theekpaikkei 225 Stock
Average after the Asian financial crisis. Finally, thpaleese stock market responds by somewhat
more than 0.45% to an innovation in Singapore and Hong Kong, an@b¥ @Gnd 0.29% to an
innovation in Taiwan and South Korea, respectively in the ptssperiod.

Second, we again find that the Singaporean and Hong Kong stackets are two
interactive markets during as well as after the 1997-1998 Aisiamcial crisis. During the crisis,
a one unit shock in the Singaporean stock market induces a @& on the same day in the
Hong Kong market whereas a one unit shock in the Hong Kong statetrengenders a 0.55%
response in the Singaporean market. Also, during the crigiawvation in one of these markets
affects Taiwanese stock market returns by 0.15%—-0.20% on thedsgnaad by 0.10%—0.15% on

the next day whereas a shock in the Taiwanese stock mafikeinces the Singaporean market by
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0.35% and the Hong Kong market by 0.47% on the same day. Rdtésian financial crisis, we
see that the interaction mechanism between Singapore @yl kbng becomes somewhat weaker
as a one unit shock in the Singaporean Strait Times indu@€é9% effect in the Hong Kong Hang
Seng whereas a one unit shock in the Hong Kong Hang Seng evdkB&% reaction in the
Singaporean Strait Times. Also, innovations in both markéditafé#ict returns in Taiwan by about
0.35%—-0.40% on the same day and by about 15%-0.20% on the next day.impaet on returns
in South Korea has become non-trivial as well, by 0.85% foreauait shock in Singapore and by
0.77% for a one unit innovation in Hong Kong. In the post-crisiiogethe Taiwanese stock
market has an impact of 0.20% and 0.25% on the same dagobnpsices in Singapore and Hong
Kong, respectively. Likewise, the effects of South Koveathese two markets equal 0.30% and
0.36%, respectively. Finally, we find that shocks in tlewanese stock market affect South
Korean stock returns by 0.42% on the same day whereas a sh®okith Korea has an impact of
only 0.28% in Taiwan.

Regarding the Chinese stock market, we find no important iqtendiencies with the other
East Asian stock markets in our sample. While the Gracmesality test results revealed some
impact of China on Singapore and Hong Kong during the Asian fimacrisis, the results in this
section point out that these effects were only marginalpyomant in size. Indeed, the strongest
impact actually is that of China on Hong Kong, where a one tmoitksin the Shanghai SE
Composite affects stock returns in Hong Kong by only 0.14% on the daynguring the financial
crisis.

Finally, our impulse response results for the USA show thadtghetock market influences
East Asian markets in all three subperiods, mostly on thendeday. The latter finding is

consistent with the fact that East Asian stock markkisecbefore US markets actually open.
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Before the 1997-1998 Asian financial crisis, a one unit shodieitUBSA has the largest impact on
Hong Kong (0.77% on day 2), Singapore (0.39% on day 2) and Japan (0.31% 2)n dByring
the Asian financial crisis, these effects become evenggr in all countries, except for China. In
the post-crisis period, we find that the influence of a b&k has become larger only for South
Korea as compared with the situatiduring the crisis period (0.60% rather than 0.36% on day 2).
When compared with the situatibeforethe Asian financial crisis, the impact of the USA apah
and Taiwan was also enhanced whereas the US market hasmesofits influence on Singapore
and Hong Kong over time. In contrast, our results suggesthidalS stock market responds only
in a very limited manner to innovations in East Asia, ansllbefore, during as well after the Asian
financial crisis. During the crisis period, for examghee US stock market reacts by 0.08% and
0.09% to innovations in Singapore and Hong Kong, respectively, whéagas’s impact equals
0.07%. Interestingly, as of July 1, 1999, a one unit shock inAsaa generally has a somewhat
larger impact on US stock returns, consistent with the ideendhcreased global integration of
capital markets. In the post-crisis period, the US S&P B@6x responds by about 0.18% to a one
unit shock in the Singaporean Strait Times (SG) wheremfluence of Japan and Hong Kong is
around 0.13%. These effects, however, are still considerataifes than the US impact on East
Asian stock markets.

Overall, our findings from the impulse response analyses aréstmnswith those of the
Granger causality tests. They point out that during the 1997-1998 fAsianial crisis, the Hong
Kong stock market was very sensitive to innovationsénather East Asian countries and the USA,
but also greatly affected share prices in those countri®és, Hong Kong was a very important
financial center in the East Asian region during the Asiaantial crisis. After the crisis, we find

that it is still highly influential, but has lost some of it Bugnpact while becoming also less
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affected by the other East Asian stock markets and the USAis result most clearly shows up
when examining the interaction mechanisms between Singaporelargl Kong. At the same
time, the interaction mechanisms among the other East 8siak markets were enhanced after the
Asian financial crisis. As an example, shocks in Soutle&d¢and to a smaller extent also Taiwan)
now account for a larger portion of stock price volatility in ¢tieer East Asian countries, although
it is still the case that these stock markets areeraffected by Japan, Hong Kong and Singapore
than vice versa. The results clearly point out that ovee 8imgapore has become at least as
important as a financial center in East Asia as Hong Komgsides, the US stock market has
become more responsive to innovations in East Asia in moeatrgears, although we observe the
reverse for the responsiveness of East Asian countries¢kssimthe USA. Indeed, the impact of
the USA on East Asia has been loosened somewhat over timstly, Land consistent with the
Granger causality test results, our findings for the Shanghek sxchange suggest that it is still a
fairly isolated market, as it does not respond much to shadkeiother East Asian stock markets,

while at the same time its influence on these other narkenains limited.
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Insert Table 5 and Figure 2

kkkkkkkkkkkkkkkkkkkkkkkk

V. Conclusions

This paper examines the long-run and short-term dynamic calatbmships among six major
East Asian stock markets, i.e. Japan, Singapore, Hong, Rangan, South Korea and China. For
this purpose, we have built multivariate VAR models to exarthieedegree of integration among
these stock markets, and alternatively excluded or incltliedJSA as an additional market. In
these analyses, we paid special attention to the etiethe 1997-1998 Asian financial crisis. We

first implemented Granger causality tests to examineitie\tarying lead-lag relationships among
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stock markets. Thereafter, we implemented co-integragists to figure out whether a long-run
equilibrium relationship(s) exists among East Asian stockketarin the different subperiods.
Finally, we have conducted generalized impulse response anadysesmine the short-term causal
relationships before, during and after the 1997-1998 Asian finariséd. c All these analyses
were done using daily data in local currency and US dollar teriewever, we can safely
conclude that the currency of denomination does not matterygreatl

Our results further show that before the 1997-1998 Asian finanggs,cmost stock
markets in East Asia responded to worldwide shocks while regiactar$ had no large impact on
share prices. In fact, we only found some significant intenaatmechanism between the stock
exchanges of Singapore and Hong Kong during that time window. héefdian financial crisis
strengthened the linkages among stock markets in the East regjion, except for China. This
result was only a temporary phenomenon, however, thereby pointing duthéhancreased
interdependencies during the financial crisis were due toriemeontagion effect. East Asian
stock markets did not always react in the most efficieay @ shocks during the crisis, as a one
unit shock sometimes led to responses in the other countriesasied ffor several days. Our
results also point out that the Hong Kong stock market plageichportant role in spreading the
crisis in East Asia and the world. In the year followihg 1997-1998 Asian financial crisis, we
see a clear reduction in stock market interdependenciele stick market integration was
strengthened again in more recent years. Yet, our rekutist support the idea that stock markets
are co-integrated, as they bear no long-run equilibrium rel&ijpns Also, the influence of the
Hong Kong stock market — which was substantial during the eribias been reduced over time,
while interdependencies among other East Asian countries becaare important. The

Singaporean stock market thereby has become at least as mh@stahe Hong Kong stock
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exchange. Our results do not support the leading role of Japla& iegion, however. Shocks in
Japan, Singapore and Hong Kong do have a significant impact om ghees in Taiwan and
especially South Korea whereas the latter markets sti# loaly a limited influence on the other
East Asian countries in our sample. Also, China’s stoekkat isolation was not significantly
reduced over time, despite its capital market developmentsahdde economic growth. Besides,
US stock market returns help to explain returns in East Asexcept for China — and vice versa.
We do have to point out that the latter relation is stlttively limited in importance, although has
been increasing in magnitude over time. Overall, our eulis stress an enhanced integration of
capital markets in East Asia, with each other and with WSA, resulting in a reduction of
international diversification benefits over time. These figdi are consistent with the stronger
macro-economic linkages among East Asian countries and bethiseregion and the world in
more recent years, but also stress the importance of #dweef capital to realize a further global

integration of capital markets.
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Figure 1 Data Plots of Seven Stock Market Indices (Logsfoamation) in Local Currencies
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B The Singaporean Stock Market

C The Hong Kong Stock Market
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D The Taiwanese Stock Market

E The South Korean Stock Market
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E The Shanghai Stock Market

F Responses to the US Stock Market
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Table 1 Unit Root Tests

Panel A: Unit Root Tests for the entire Sampling Period

ADF Statistic

ADF Statistic

ADF Statistic

ADF Statistic

Market (Local Currency) (US Dollar) with structural with structural Critical Value
breaks breaks 10% 5%
(Local Currency) (US Dollar)
JP -0.702907 -0.680949 -1.849313 -1.866545 -2.96724 -2.862349
SG -2.226703 -1.902634 -2.543730 -2.438943 -2.56724 -2.862349
HK -2.424407 -2.432247 -2.058749 -2.058094 -2.56724 -2.862350
TW -1.746904 -1.505318 -1.332693 -1.345777 -2.56724 -2.862349
KR -2.197040 -1.535007 -3.444227* -3.597945* 258 -2.862349
SH -1.661871 -1.949930 -3.065829* -3.143157* -2 -2.862349
us -1.534722 -1.534722 -0.498333 -0.498333 -2.56724 -2.862349
Panel B: Unit Root Tests for various Subperiods
ADF Statistic ADF Statistic Critical Value
(Local Currency) (US Dollar) 10% 5%
B1: Pre-Crisis Subsample
JP -2.588224 -2.555536 -2.567890 -2.863550
SG -1.706969 -1.594549 -2.567891 -2.863552
HK -0.591381 -0.635212 -2.567890 -2.863550
TW -0.271442 -0.476420 -2.567890 -2.863550
KR -2.066020 -1.748871 -2.567890 -2.863550
SH -2.246902 -2.230111 -2.567890 -2.863550
us 1.390603 1.390603 2.567890 -2.863550
B2: Crisis Subsample
JP -2.134588 -1.750437 -2.572660 -2.872455
SG -0.544941 -0.820388 -2.572684 -2.872499
HK -1.195851 -1.159686 -2.572730 -2.872586
TW -1.278961 -0.966656 -2.572660 -2.872455
KR -0.554648 -1.042515 -2.572660 -2.872455
SH -1.586048 -1.577042 -2.572660 -2.872455
us -1.062702 -1.062702 -2.572660 -2.872455
B3: Post-Crisis Subsample
JP -0.743006 -0.627018 -2.567890 -2.863550
SG -1.928978 -1.840117 -2.567891 -2.863552
HK -1.587354 -1.576329 -2.567890 -2.863550
TW -1.306611 -1.087250 -2.567890 -2.863550
KR -2.664265 -2.737703 -2.567890 -2.863550
SH -1.536603 -1.536867 -2.567890 -2.863550
us -1.260058 -1.260058 -2.567890 -2.863550

* significant at the 1% significant level.
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Table 2 Granger Causality Test Results

Before crisis During crisis After July 1998  Aftarly 1999 Before crisis During crisis After July 1998 Aftarly 1999
Local UsD Local usD Local UsD Local UsD Local uUsD Local uUsD Local UsD Local uUsD
Null F-value F-value F-value F-value F-value F-value F-value F-value Null F-value F-value F-value F-value F-value F-value F-value F-value
Hypothesis (p-value)  (p-value)  (p-value)  (p-value) (p-value) (p-value) (p-value)  (p-value) Hypothesis (p-value) (p-value) (p-value) (p-value) (p-value) (p-value) (p-value) (p-value)
Panel A: The Japanese Stock Market and Five East Asian StocktMarke
1.2195 1.03158 1.16579 1.43221 1.6995 1.85799 2.68500 2.99433 1.0886 1.33770 0.68359 0.93092 1.55458 1.90588 2.67467 2.70649
JP -/-> SG SG -/->JP
(0.2786)  (0.41891) (0.32336) (0.23388) (0.0554)  (0.06289) (0.00635) (0.00253) (0.3681)  (0.17156)  (0.56281)  (0.42634)  (0.09185)  (0.05551)  (0.00654)  (0.00596)
0.7056 1.21282  1.15796  0.68543 1.5518 1.09698  1.91246 1.54727 1.3208 1.25259 1.02930 0.80765 2.00151 2.75690 2.81033 3.35606
JP -/-> HK HK -/-> JP
(0.7043)  (0.25460) (0.32640) (0.56169) (0.0927)  (0.36238) (0.05482) (0.13668) (0.2211)  (0.22548)  (0.38019)  (0.49064)  (0.01771)  (0.00507)  (0.00438)  (0.00084)
1.1891 1.09190 2.76083 2.71580 1.8018 2.61379 1.74209 1.28819 0.6268 0.89026 0.67685 0.81428 1.03665 0.95388 0.57040 0.62942
JP -[->TW TW -/->JP
(0.2978)  (0.35875) (0.04273) (0.04533) (0.0381) (0.00773) (0.08487) (0.14566) (0.7749) (0.57513)  (0.56695)  (0.48700)  (0.41269)  (0.47081)  (0.80275)  (0.75354)
1.8631 1.85524 3.46272 7.37167 0.4203 1.02495 0.78238 0.85787 1.3095 0.81763 3.33488 2.81764 1.36651 1.82573 2.42789 3.02695
JP -/->KR KR -/->JP
(0.0536)  (0.02375) (0.01695) (9.4E-05) (0.9632) (0.41489) (0.61833) (0.55181) (0.2270) (0.65864)  (0.02008)  (0.03967)  (0.16854)  (0.06835)  (0.01335)  (0.00229)
0.9153 0.76096 0.18194 0.58332 1.3306 1.03655 0.90437 0.68362 0.8058 0.83930 1.46702 0.83822 1.05725 0.96650 1.10715 1.28655
JP -/-> SH SH -/-> JP
(0.5108)  (0.72218) (0.90861) (0.62646) (0.1879)  (0.40614) (0.51197) (0.70632) (0.6109)  (0.63382)  (0.22405)  (0.47401)  (0.39317)  (0.46061)  (0.35555)  (0.24653)
Panel B: The Singaporean Stock Market and Four East Asian Stock Barket
2.14099 1.63494 3.38873 3.98572 1.63062 2.23333 1.58395 1.79339 1.82881 1.74392 9.24080 9.00653 2.34572 2.67027 1.88527 1.71517
SG -/-> HK HK -/-> SG
(0.02373)  (0.05840) (0.01870) (0.00847) (0.07072) (0.02290) (0.12521) (0.07454) (0.05901)  (0.03777)  (8.1E-06)  (1.1E-05)  (0.00432)  (0.00655)  (0.05884)  (0.09079)
2.67569 1.14905 4.60515 3.64551 2.87582 4.77074 5.13028 5.36076 0.36754 1.10639 1.15503 1.03096 1.74617 1.00956 0.76690 0.72213
SG -/->TW TW /-> SG
(0.00443) (0.30664) (0.00372) (0.01331) (0.00041) (8.6E-06) (2.8E-06) (1.3E-06) (0.95060)  (0.34506)  (0.32755)  (0.37945)  (0.04678  (0.42667)  (0.63214)  (0.67212)
1.57881 1.70685 0.31946 1.45548 3.38055 5.02406 2.18206 2.81105 1.13876 0.74517 2.75981 2.63456 0.73398 1.08788 0.33215 0.32629
SG -/-> KR KR --> SG
(0.11642) (0.04390) (0.81130) (0.22726) (3.9E-05) (3.7E-06) (0.02658) (0.00437) (0.33173)  (0.73933)  (0.04279)  (0.05040)  (0.73047)  (0.36878)  (0.95377)  (0.95617)
1.35546 1.42873 0.67103 1.24907 1.47339 1.44146 0.86932 0.77065 1.03860 1.9580 4.44239 4.88283 0.99207 0.27279 0.28408 0.23298
SG -/-> SH SH -/-> SG
(0.20366) (0.12572) (0.57053) (0.29251) (0.12025) (0.17460) (0.54190) (0.62879) (0.40660)  (0.01524)  (0.00462)  (0.00257)  (0.45655)  (0.97479)  (0.97133)  (0.98481)
Panel C: The Hong Kong Stock Market and Three East Asian StocktMarke
1.79880 1.31005 6.89020 5.77073 1.66069 2.91940 2.88263 3.22753 0.49445 1.02291 1.02546 0.97291 0.94181 0.88932 0.88736 1.01573
HK -/->TW TW -/-> HK
(0.06419) (0.18785) (0.00018) (0.00079) (0.06362) (0.00312) (0.00353) (0.00124) (0.87904)  (0.42796)  (0.38191)  (0.40609)  (0.50827)  (0.52465)  (0.52641)  (0.42209)
HK -/-> KR 1.29553 1.71651 1.52533 0.96704  2.30972 3.54064 2.78023 3.23440 KR -/->HK 1.02369 1.18911 4.24527 2.99544 1.32331 2.67457 1.04126 1.25076
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(0.23446)

1.11832
HK -/-> SH
(0.34622)

(0.04222)
0.94201

(0.51616)

(0.20843)
1.00588

(0.39077)

(0.40887) (0.00503)

0.97917

(0.40314)

1.72624

(0.05030)

(0.00046)
2.27000
(0.02068)

(0.00479) (0.00122)

1.30657

(0.23614)

Panel D: Taiwanese, Korean and Shanghai Stock Markets

0.96483
TW -/-> KR

(0.46753)

0.61496
TW -/-> SH

(0.78513)

0.63336
KR --> SH

(0.76922)

1.47487

(0.10666)
0.60424

(0.87342)
0.69952

(0.78695)

1.72850

(0.16164)
0.17275

(0.91475)
0.34755

(0.79095)

2.18581

(0.09022)
0.68238

(0.56356)
0.33837

(0.79760)

1.22899

(0.25207)
0.68647

(0.77811)
1.00360

(0.44501)

1.63045

(0.11158)
0.88023

(0.53244)
1.34165

(0.21847)

1.83186

(0.06756)
0.71220

(0.68097)
0.33656

(0.95192)

1.30086

(0.23907)

2.06200
(0.03685)
0.71473
(0.67871)
0.58835

(0.78810)

Panel E: The US Stock Market and Six East Asian Stock Markets

2.98902
us +-> JpP

(9.9E-05)

7.43932
US +-> SG

(4.9E-16)

11.4867
US --> HK

(8.5E-27)

2.29739
Us +-> TW

(0.00322)

1.46749
US +-> KR

(0.10953)

1.22506
US -/-> SH

(0.24536)

2.33972
(0.00263)
6.03865
(2.4E-12)
10.9561
(2.2E-25)
1.99982
(0.01267)
1.04939
(0.40064)
1.16670

(0.29159)

6.21478
(1.9E-05)
9.33057
(3.8E-08)
10.1998
(6.9E-09)
9.59635
(2.2E-08)
1.85739
(0.10246)
0.89452

(0.48535)

2.86118
(0.00057)
2.67453
(0.00125)
412413
(2.2E-06)
4.29376
(1.1E-06)
0.77482
(0.69584)
0.65455

(0.81662)

16.0038
(3.1E-34)
16.4459
(3.0E-35)
21.8853
(1.6E-47)
6.91288
(4.8E-13)
15.5495
(3.4E-33)
1.46977

(0.12168)

10.4632
(5.7E-20)
15.6164
(3.7E-31)
23.9035
(1.4E-48)
7.62289
(8.9E-14)
16.3571
(9.4E-33)
1.55617

(0.09837)

34.8237
(5.9E-33)
34.1732
(2.3E-32)
54.7751
(1.7E-50)
16.6674
(7.5E-16)
36.4917
(1.8E-34)
0.84501

(0.51784)

27,5181
(3.3E-26)
34.1623
(2.4E-32)
54.8094
(1.6E-50)
17.5033
(1.2E-16)
39.3381
(4.8E-37)
0.84547

(0.51752)

SH -/-> HK

KR -/-> TW

SH +-> TW

SH -/-> KR

JP -/->US

SG -/-> US

HK -/-> US

TW -/-> US

KR -->US

SH -/-> US

(0.41855)
1.35778

(0.20253)

0.61278
(0.78700)
1.03518
(0.40932)
0.39030

(0.94022)

0.77130
(0.71079)
1.18354
(0.27768)
1.11556
(0.33657)
0.52342
(0.92899)
0.71040
(0.77591)
0.56289

(0.90409)

(0.27318)
1.05094

(0.39907)

0.52586
(0.92758)
1.44023
(0.12072)
1.19013

(0.27237)

0.82524
(0.64994)
1.15874
(0.29831)
1.01720
(0.43396)
0.63708
(0.84593)
0.84149
(0.63130)
0.56425

(0.90315)

(0.00600)
7.33173

(9.9E-05)

2.43567

(0.06530)
0.51834

(0.67003)
1.81010

(0.14581)

2.75214
(0.01936)
1.11891
(0.35085)
6.69760
(7.2E-06)
1.59378
(0.16243)
0.59758
(0.70185)
1.82607

(0.10833)

(0.03141)
7.40438

(9.0E-05)

2.60715

(0.05224)
1.07104

(0.36195)
1.24716

(0.29319)

1.35341
(0.17829)
1.28167
(0.22027)
2.98171
(0.00034)
1.38728
(0.16083)
0.91086
(0.54786)
0.57431

(0.88345)

(0.19204)
0.89239

(0.56083)

1.71609
(0.05218)
0.84968
(0.60700)
0.54686

(0.89586)

1.24125
(0.24357)
1.12166
(0.33555)
0.80372
(0.65673)
0.84384
(0.61333)
0.84186
(0.61547)
1.10245

(0.35217)

(0.00647)
0.87115

(0.54024)

2.56123

(0.00903
0.45341

(0.88882)
0.31241

(0.96161)

0.98143
(0.46441)
1.08317
(0.37030)
0.95001
(0.49550)
0.66745
(0.78390)
1.49532
(0.11913)
1.02382

(0.42387)

(0.40280)
1.04994

(0.39636)

2.31676

(0.01828)
0.51352

(0.84688)
0.39218

(0.92514)

0.37504
(0.86599)
1.81231
(0.10768)
0.76073
(0.57824)
0.91316
(0.47159)
1.86554
(0.09771)
1.63374

(0.14825)

(0.26597)
1.05839

(0.39016)

2.82687
(0.00417)
0.59703
(0.78091)
0.39590

(0.92313)

0.56723
(0.72520)
1.95406
(0.08300)
0.76016
(0.57866)
0.90468
(0.47721)
1.93456
(0.08605)
1.63724

(0.14734)

* Using 5% as cutoff level.
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Table 3 Co-integration Tests on Six Stock Market Indices

| raceStatistic | maxStatistic

5%_Critical 5%_Critical
Ho Local Local
US Dollar Value US Dollar Value
currency currency
Panel A: Pre-Crisis Subsample — 10 Lags
r=0 64.83210 71.94524 103.8473 22.74203 24.85640 95880
ri 42.09006 47.08884 76.97277 15.45297 18.51278 0388
r2 26.63710 28.57606 54.07904 9.638579 10.63268 8265
r3 16.99852 17.94339 35.19275 8.935932 9.864017 9982
r4 8.062586 8.079369 20.26184 7.109818 6.906799 925(8
rs5 0.952769 1.172569 9.164546 0.952769 1.172569 48945
Panel B: Crisis Subsample — 6 Lags
r=0 92.93443 103.5730 103.8473 32.19837 39.68476 95880
ri 60.73607 63.88821 76.97277 25.73216 22.63362 0388
r2 35.00391 41.25459 54.07904 18.06208 21.43428 8265
r3 16.94183 19.82030 35.19275 9.029906 10.29156 9982
r4 7.911929 9.528741 20.26184 4.301363 5.768689 925(8
rs5 3.610566 3.760052 9.164546 3.610566 3.760052 4945
Panel C: Post-Crisis Subsample as of July 1, 1998 (- @dal Currency) and 9 (US Dollar) Lags
r=0 113.6393* 109.0513* 103.8473 43.89253* 41.10898* 40.95680
ri 69.74678 67.94229 76.97277 23.58564 25.21467 03838
r2 46.16113 42.72762 54.07904 19.34597 17.68703 836%
r3 26.81516 25.04059 35.19275 15.33004 13.36637 9982
r4 11.48512 11.67421 20.26184 7.517326 8.002805 925(8
r5 3.967798 3.671408 9.164546 3.967798 3.671408 49465
Panel D: Post-Crisis Subsample as of July 1, 1999 ads
r=0 92.55969 93.53943 103.8473 35.20509 31.45656 40.95680
ril 57.35460 62.08287 76.97277 19.21609 20.56875 34.80587
r2 38.13851 41.51412 54.07904 14.82444 14.52101 28.58808
r3 23.31407 26.99311 35.19275 11.41745 12.46170 22.29962
r4 11.89662 14.53141 20.26184 7.142311 9.525099 15.89210
rs 4.754305 5.006312 9.164546 4.754305 5.006312 9.164546
* significant at the 5% level
Table 4 Tests for Market Exclusion (local currency, posi€subsample)
Excluded Market JP SG HK T™W KR SH
% Statistic 4270463 17.82500 18.73362 10.6678%5.85430 3.842978
p-value 0.038780  0.000024 0.000015 0.001090 00WE3  0.049955
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Table 5 Summaries of Impulse Responses in Five Days by CountBeneralized One Unit
Innovation in Each Stock Market
5a Pre-Crisis Period
Innovation Responses by Country
From Country JP SG HK T™W KR SH
1 1.000000  0.123923  0.174004  0.098455 -0.017393 G%FR1

2 -0.031214 0.033621 -0.011103 0.075860 0.044258 364D
JP 3 -0.016383 3.26E-02 -0.004899  -0.003548 0.009085 17300
4 0.004643 -0.003766  -0.055517  -0.029273 0.070037 40221
5 0.038046 -0.002159 0.018324 -0.026167  -0.000839 074851
1 0.247394 1.000000 0.743500 0.164454 0.075261 061198
2 0.003269 0.181788 0.122655 0.211300 0.027537  -03V1
SG 3 0.074712 -0.004257  -0.015359 0.033681 0.016895 08612
4 -0.016676 0.006714 -0.011849 0.079649 0.101591 9625
5 0.035875 -0.025343 0.004860 -0.026111 0.070324 101%
1 0.142907 0.305868 1.000000 0.129327 0.033000 -09108
2 -0.001717 0.086687 0.052702 0.078736 0.026316  504®
HK 3 0.021953 0.011329 0.030467 -0.033985 0.034337 8639
4 -0.044118 0.035604 0.039192 0.027019 0.056994 QB8
5 -0.000330  -0.001048 -0.012665 -0.017520 -0.009288.008B55
1 0.071675 0.059950 0.114666 1.000000 0.007154 -61300
2 -0.011129  -0.000729  -0.002504  -0.005240 0.029942 032856
T™W 3 0.024775 0.012586 0.027027 0.021264 0.005505 -G348
4 -0.008347 0.012056 0.023715 0.046502 0.002325 G685
5 -0.001755  -0.009671 0.010599 -0.019674 0.007221 38023
1 -0.017368 0.037606 0.040087 0.009770 1.000000 4032
2 0.049702 0.039467 0.033574 0.009692 0.041870 -6’7
KR 3 0.034349 0.017291 0.025587 -0.042568 0.049081 630
4 0.020237 -0.014732 0.008917 0.055284 0.012716 059
5 0.022098 0.007909 0.040785 -0.028766  -0.000516 3403890
1 0.002737 0.009624 -0.001263  -0.000108  -0.003088 00DMO
2 0.001255 0.007371 0.004256 0.005202 -0.002949 Q@mn5
SH 3 0.000362 0.004478 -0.006370  -0.024367 -0.007037 25284
4 -0.007594  -0.007010 -0.006175 -0.002128 -0.009179.084%60
5 0.009402 0.000317 -0.021001 0.006704 -0.003477 2626

5b Crisis Period
Innovation Responses by Country
From Country JP SG HK ™ KR SH
1 1.000000 0.307724 0.609229 0.144592 0.143052 -06103

2 -0.083284 0.047566 -0.103542 0.085772 0.259507 8603
JP 3 -0.143644  -0.109347  -0.147139  -0.134344  -0.207203.006634

4 0.001528 0.085535 0.151819 0.024286 0.081566 03134

5 0.011314 -0.027485  -0.036844  -0.007167  -0.051120 015164

1 0.196563 1.000000 0.943900 0.197178 0.099370 -Q28B5

2 0.021209 0.204658 0.084410 0.154429 0.093074 04143
SG 3 0.013682 -0.016191  -0.090517 0.010983 -0.001236 487105

4 0.013256 0.026701 0.060361 0.072196 -0.082517 3811

5 -0.007007  -0.045543  -0.053402 -0.021399  -0.089571.013¥29
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HK

T™W

KR

SH

0.22627.
0.007509
-0.015848
0.043320
6.86E-05
0.164539
-0.009541
-0.045052
0.099457
-0.016113
0.042486
0.056626
0.056207
-0.050557
-0.021275
-0.003897
-0.069657
0.088977
-0.083762
-0.032489

0.54882!
0.140645
-0.046858
0.176347
-0.007148
0.351257
-0.062366
0.036143
0.109756
-0.052319
0.046199
0.103923
0.017014
-0.077611
-0.021856
-0.070058
-0.258774
-0.045391
-0.126479
-0.095795

1.00000t
-0.008556
-0.096350
0.242446
-0.041948
0.473335
-0.211551
-0.022431
0.234677
-0.125932
0.078031
0.129266
-0.025795
-0.131170
-0.002583
0.135170
-0.449362
0.080955
-0.207634
-0.075339

0.15450
0.113065
0.003231
0.098191
0.010036
1.000000
0.003760
0.032289
0.015165
-0.018514
0.037966
0.053947
0.019338
-0.066182
-0.024697
-0.000916
-0.033358
-0.061836
-0.067251
-0.075807

0.09757: 0.03942:
0.081261 06%3
0.007076 028162
0.116241 -6480
-0.025631 18591
0.145457 -81®0
0.243018 033363
0.165108 56%®
-0.158410 81®8
-0.089473.0313104

1.000000 01®B1 38

0.166973 -6620
-0.054366 1eA.p4
-0.111316.020B56
-0.065182.005230
0.059295 00000
0.038372 .066515
-0.206632 086754
0.226686 039040
-0.058025.010429

5c Post-Crisis Period as of July 1, 1999

Innovation

From Country

JP

SG

HK

T™W

KR

SH

1

R, OO WOWNPFPOORMWONPORWODNMNPEPORMWODNPEPORMONDN

Responses by Country

JP

1.000000
-0.023723
-0.015078
0.001876
-0.040343
0.481608
0.097543
-0.054952
0.018168
-0.021519
0.459338
0.041929
0.014887
0.028213
0.005298
0.210284
0.020006
-0.011625
0.002363
0.014275
0.293339
0.046284
-0.040969
-0.018159
-0.005359
0.026751

SG
0.390095
-0.016352
0.004309
0.020306
-0.011929
1.000000
0.036188
-0.004438
0.049367
0.052569
0.523565
-0.015992
0.046480
0.055386
0.051680
0.198551
-0.020169
0.030821
0.020872
0.009895
0.300337
0.000731
-0.008327
0.015768
0.015192
0.027043

HK
0.488138
-0.022852
-0.044900
0.043493
-0.020976
0.686895
0.074460
-0.005294
0.015488
-0.007521
1.000000
0.026068
-0.005045
0.025028
0.011571
0.249216
-0.007083
0.018979
0.016870
0.003785
0.359155
0.025910
-0.025512
0.001746
0.027416
0.090896

TW
0.323013
0.149444
0.050865
0.035317
-0.047179
0.376545
0.184810
0.101042

KR SH
0.671559  0.022584
0.017290 0.010588

-0.002922 -0.016821

0.002553  0.040879

-0.029152  0.035250

0.848846  0.028220
0.080715 0.021593
0.076768 -0.033805

0.042293 -0.026955 0.016828
-0.058972 -0.003462 0.044080

0.360203
0.144380
0.119353
0.002867

0.773711  0.072288
0.011766  0.023532
0.065202 -0.009686
0.036404  0.070402

0.006195 -0.012351 0.029318

1.000000
0.034498
0.066941
0.038607

0.423110 0.004282
0.025197 0.030172
0.017790  0.000508
0.014707 0.026874

-0.089867 -0.084298 0.006705

0.283905
0.089025

1.000000 -0.023164
0.009257 0.010143

0.044955 -0.045398 -0.008947
-0.005536 -0.035743 0.011161
-0.006289 -0.006555 0.004230
0.007799 -0.062687 1.000000
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2  -0.05496( -0.03017 -0.070481 -0.01213 -0.01880(  0.00658!
3 -0.013777 -0.013339 0.000955 0.021139 0.012756 -0.030906
4 0.021867 -0.020118 0.013266 -0.009330 0.025731  0.008383
5  0.004578 -0.020264 -0.035498 0.009913 -0.055543 0.019681
5d The US Stock Market on the Asian Stock Markets
Innovation Responses by Country
From US JP SG HK T™W KR SH
1 0.077318 0.085719  0.097075 -0.068762  0.035470  0¥®I
Pre- 2 0.307872  0.390012  0.767735  0.151369  0.119633 068140
- 3 0.103143  0.003500  -0.033759  0.123367  -0.051960 99284
Crisis 4 -0.018046 -0.012352  0.060672  -0.040448  -0.047760 080741
5 -0.018668 -0.032514  -0.005305 -0.086808  0.021624 38312
1 0.212033  0.355828  0.643634  -0.119040 0.620062 7030
2 0569691  0.709611  1.177591  0.533097  0.363470  08%75
Crisis 3 -0.000639 -0.125605 -0.499085  0.334948  -0.133032 .063510
4 -0.140351  0.123776  0.034872  0.030352  -0.044236 4084
5 -0.074050 0.122161  0.119470  -0.014638  -0.055538 1385:.29
1 0.130438 0.146178 0.140057 0.129855 0.174233 -0.031917
Post-Crisis 2 0407783 0.349341 0.505210 0.342053 0.599286 -0.014938
July, 1999 3 0.019821 0.022444 0.063324 0.061430 0.012024 0.011149
' 4 0.009692 0.091817 0.049843 0.072652 0.113969 -0.035488
5 0.016396 0.081396 0.040370 0.059827 0.108577 0.041026
5e The Asian Stock Markets on the US Stock Market
Responses by US Innovation from Country
JP SG HK T™W KR SH
1 0.019891  0.045651  0.022452  -0.012701  0.008885 QW3
Pre- 2 -0.003868  0.013059  -0.019159  -0.016644  -0.004731 .007®B43
- 3 0.017839  -0.009653  0.007783  -0.006591  0.010133 01616
Crisis 4 0006836 -0.024188 -0.008157  0.000435  0.009821 002TO
5 0.000079 -0.028730  -0.002432  0.005087  0.006337 07692
1 0.073833  0.080450  0.091975  -0.047877  0.060592 709
2 -0.098526  0.015793  -0.032666  -0.024236  -0.004881 .023D60
Crisis 3 0.061548  0.052577  0.125349  0.045169  0.000010  05BL90
4 0.050307 0.006139  0.021843  0.037905 -0.038139 4815
5 0.026720 -0.010149  -0.008580 -0.114442  -0.012268 .057B04
1 0125850  0.176971  0.139163  0.075496  0.075102  -0%182
PostCrisis 2 -0.032930 -0.056611  0.010604  0.008722  -0.006075 39707
July, 199 3 -0.029064 -0.013151 -0.023533  -0.003239  -0.0631910.047602
’ 4 -0.016751 0.056211  0.018957  -0.048553  0.020856 23B.82
5 0.001990  0.052121  0.028036  0.021777  0.001354  -07B1
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