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Abstract

This study examines the causal linkages among several emerging stock markets in Asia
and Latin America since 1990, These markets experienced both rapid growth and major
upheaval during the sample period, and thus, provide potentially rich information on
the nature of cross-market interactions, Using daily observations of stock indices and
the GARCH family of econometric models, we conduct the residual cross-correlation
function tests to investigate cross-market causality both in the first and second moments
of the stock returns, The empirical results reveal significant causal linkages both within
each region and across the two regions, Further, our rolling test results indicate that the
significance of the causality varies considerably over time, Importantly, we find that the
causal linkages tend to strengthen particularly at the time of major financial crises, The
empirical results also point to some imperative issues including inter-regional
asymmetry in the causality and persistence of shocks on market linkages.
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1. Introduction

A series of financial crises in the past decade have generated a heated policy
debate over desirability of swift financial liberalization for emerging markets (Furman
and Stiglitz, 1998; Radelet and Sachs, 1998). Among the cornerstone issues is
“contagion” of financial crises across countries. If the sequence of financial turmoil in
numerous countries is a result of systematic deterioration of their own fundamentals,
then it is primarily their domestic macroeconomic policy conducts, rather than the
financial liberalization, that needs to be addressed. On the other hand, if the emerging
economies are inherently vulnerable to negative effects of financial instability occurring
elsewhere, then it may well be justified to actively tame some of the financial flow into
and/or out of the markets. The crucial issue has motivated numerous recent studies
(Baig and Goldfajn, ‘1999; Edwards and Susmel, 2001; Forbes and Rigobon, 2002) to
empirically examine whether or not the cross-country interactions of financial markets
Eluring cfisis periods are significantly different from those in stable times. Some studies
(Baig and Goldfajn, 1999; Calvo and Reinhart, 1996) find that financial market
correlations across countries increase significantly during crises, rendering support to
‘the view that crises are contagious. In a recent study, however, Forbes and Rigobon
(2002) casts a serious doubt on the contagion hypothesis by demonstrating that the
previous empirical evidence based on market correlations are prone to a bias resulting
from neglecting heteroskedasticity in the financial time series. Since the_ accumulated
evidence has yet to reach a definitive conclusion, gaining further insight into the issue is
warranted.

In this study, we investigate the causal linkages among the stock markets of

several emerging economies in Asia and Latin America since 1990, These markets have



experienced both rapid growth and major uphcaval over the past decade, and thus,
provide potentially rich information on the nature of the cross-market interactions in
altering market environments,' In particular, we are interested in finding out if
inter-market relationships vary significantly as the markets go into and out of financial
crises. Using daily observations of stock indices of several Asian and Latin American
markets and the generalized autoregressive conditional heteroskedasticity (GARCH)
family of econometric models, this study conducts the residual cross-correlation
function (CCF) tests developed by Cheung and Ng (1996) to investigate cross-market
causality both in the first and second moments of stock returns within and across the
regions. By implementing the CCF tests with a rolling window, we illustrate how the
significance of the inter-market causal linkages has evolved over the past decade as the
markets experienced periods of stability and volatility.

Our empirical methodology provides several important advantages over the
standard correlation analyses performed by numerous preceding studies. First, by
modeling the stock return dynamics as autoregressive (AR) processes with the GARCH
feature, we explicitly account for conditional volatility present in the time series data.
The CCF tests are conducted on the (squared) standardized residunals obtained from the
estimated AR-GARCH models, and thus, the results are not distorted by
heteroskedasticity present in the raw data.> Second, cross-correlations of the

standardized residuals and their squares will be examined at various lags and leads to

' Our sample period contains numerous incidents of currency and/or banking crises, They include
the currency crises in Argentina and Brazil in 1990-91, the twin crises in Mexico and the subsequent
disorder in Brazil and Argentina in 1994-95, the 1997-98 Asian crisis, and the Brazilian currency
crisis in 1999. For a summary and chronelogy of these and other crisis incidents, see Goldstein,
Kaminsky, and Reinhart (2000).

? Tt is noted that, as shown in the empirical results, the standardized residuals are not seriaily
correlated or conditionally heteroskedastic,



investigate synchronous and non-synchronous market interactions both in the first and
second moments of stock returns. Testing for causality in variance, in addition to that in
mean, 'provides extra information to illuminate how the markets interact in volatile
environments. Also, the direction of causality and the lag structure offers valuable
information for understanding the information flow between markets. Third, by
investigating market linkages through a rolling window, we show how the inter-market
relationships have evolved over ti_me as the Asian and Latin American markets go in and
out of financial crises. Numerous previous studies examine difference in market
correlations between two particular samples that are pre-selected as stable and volatile
periods, respectively. Our rolling CCF tests, on the other hand, illustrate how the
significance of inter-market relationships has varied through the entire 1990-2001
sample. Finally, by using data on four Asian and four Latin American markets, we
investigate both intra-regional and inter-regional causal nexuses. As a result, we are able
to provide some information on the relevance of regional boundaries for market
contagion,

The linkages between national stock markets have been a significant research
issue. In particular, comovement of the major world markets such as New York, London,
and Tokyo has been scrutinized in various ways (King and Wadhwani 1990; Hamao,
Masulis, and Ng 1990; Cheung and Ng 1996).3 There are also studies that examine
changes in the market linkages over long horizons (Koch and Koch 1991; Longin and

Solnik 1995). The overall evidence from the previous literature is that the major markets

* King and Wadhwani (1990) construct a model of market contagion due to an erroneous inference
to price changes in an overseas market, Hamao, Masulis, and Ng (1990) adopt GARCH modeling
techniques to document volatility spillover between the US, UK and Tokyo markets. Cheung and Ng
(1996) also report volatility spillover between New Yotk and Tokyo by applying the causality in
variance test they devise. See also Kaplanis (1988), King, Sentana and Wadhwani (1994), Lee and
Kim (1993), and Ramchand and Susmel (1998).



interact signiﬁcdntly with each other, though not necessarily symmetrically. In addition,
it has been reported that the market interdependence has grown overtime.*

More recently, the crises in Asia and Latin America have drawn much attention
to the interactive dynamics among emerging financial markets. A critical question raised
in the literature is whether or not financial crises are contagious. That is, it has often
been conjectured that an ill fate of one market spills over to bring down others that are
otherwise healthy.’ A number of studies address the question by examining if the
market comovement under crisis circumstances is significantly different from that in
quiet periods.

For instance, in investigating the pair-wise cross-country comovement of
financial variables for five Asian economies, Baig and Goldfajn (1999) report that the
cross-country correlations in currency and sovereign spreads significantly increase
during the 1997-98 crisis. Forbes and Rigobon (2002), however, suggest that the resulfs
of the standard correlation analyses are not reliable since they do not take into account
increase in volatility during turmoil. Removing the heteroskedasticity-bias from market
correlations, Forbes and Rigobon (2002) find little evidence for a significant increase in
market comovement during the 1994 Mexican and the 1997 Asian crises.

Edwards and Susmel (2001) pursue an alternative methodology in which they
model cross-market volatility comovement as switching regimes in conditional variance

processes. Using weekly stock data and the switching ARCH models, Edwards and

* In examining eight national stock indices for 1972, 1980, and 1987, Koch and Koch (1991) find
that the growing interdependence is confined to markets within the same geographical region and

- within a 24-hour petiod. In another study using 1960-1990 data, Longin and Solnik (1995) find not
only that the cross-national market conditional correlation has increased over time, but also that it
tends to rise in periods of high voiatility.

5 Contagion may be defined in various ways, and there seems no unified definition in the literature.
For a discussion of conceptual issues of contagion, see Masson (1998) among othets.



Susmel (2001) find strong evidence of volatility spillover among Argentina, Brazil,
Chile, and Mexico in the 1990s. They also report that the Latin American markets are
generally independent of the influence of the Hong Kong market, suggesting that a
regional boundary matters to contagion. These previous studies above have made
undoubtedly important contributions to our understanding of how emerging financial
markets interact with each other in alternative environments. The reported empirical
evidence, however, is rather mixed, and therefore, the issue of market contagion
remains unresolved.

The current study provides further empirical appraisal of the contagion
hypothesis for emerging stock markets by depicting how the inter-market causal
linkages have shifted over the past decade in Asia and Latin America. To anticipate the
results, we find that the significance of the market linkages, both within each region and
across the two regions, varies over time considerably, Importantly, the causal
relationships are found to strengthen particularly at the time of major financial crises.
The empirical results also point to some imperative issues such as inter-regional
asymmetry in the causal relationships and persistence of shocks on market linkages.

~ The remainder of this study is organized as follows, Section 2 contains the data
description and the results of preliminary data analysis. Section 3 describes the
empirical methodology in two steps, Subsection 3.a discusses our modeling strategy for
the stock return dynamics. Subsection 3.5 describes the residual CCF tests for causality
in the first and second moments of the stock returns. As a first set of empirical evidence,
section 4 presents the results using the data for the entire sample of 1990-2001 period.
In section 5, we explore the possibility of time-dependent stock return dynamics.

Specifically, we implement the CCF tests with a rolling window so as to trace the



evolution of the cross-market linkages over the twelve-year period. In view of the
results, we discuss how the cross-market causal relationships have shifted in and out of

financial crises. Section 6 provides concluding remarks.

2. Data and Preliminary Analysis

We examine th:; daily observations of the US dollar-denominated stock indices
of four Asian markets: Hong Kong; Malaysia; the Philippines; and Thailand, and four
Latin American markets: Argentina; Brazil; Chile; and Mexico, constructed by the
Morgan Stanley Capital International (MSCI). The sample period is from January 1,
1990 to November 14, 2001.5 The MSCI data are retrieved from the Datastream, and
all series are converted into logarithms. Figure 1 plots the logged indices that are
normalized to be unity on January 1, 1990 for comparison purposes.

Generally speaking, the Asian stock indices (Figure 1.A) were growing steadily
until 1996 when the Thai market started crumbling. In the following years, all of the
four Asian markets plunged as financial crises shuddered throughout the region,
Although the markets also experienced downfalls in 1990 and 1994-95, the magnitude
of the negative effect of the Asian crisis in 1997-98 has no comparison as Figure 1.A
clearly indicates, While the Asian markets have made a decent recovery since then, the
period end market indices remain below the 1990 level except for Hong Kong.

The experiences of the Latin American markets (Figure 1.B) may be
characterized with recurring market crashes between fast growing phases. While the

indices exhibited rather steep upward trends until 1994, the deviations from the trends

® We choose November 14, 2001as the end of the sample period due to the fact that some of the

indices are available only up to that day, as they were discontinued and replaced by a new series
thereafter, - .



were fairly substantial in both directions, especially for Argentina and Brazil, Among
the numerous market pluniges, the effects of the 1994-95 Mexican crisis and the 1997-98
Asian crisis stand particularly conspicuous for all markets,
As a preliminary step, we test all stock indices for a unit root using the efficient
- unit root test termed the ADF-GLS test (Elliott, Rothenberg, and Stock, 1996).7 In
accordance with the common view, we fail to teject the null hypothesis of a unit rﬁot for
all level series.® On the other hand, the unit root hypothesis is unanimously rejected
when the first difference series are tested. Therefore, we conclude that all stock indices
to be I(1) series. For the remainder of this study, we examine the dynamics of the daily
stock returns defined as the first difference of the logged stock indices.

Table 1 presents some descriptive statistics for the stock returns. The returns are
positively skewed for Chile, the Philippines, and Thailand, and negatively so for the rest.
Coupled with excess kurtosis, the null hypothesis of norrhality is strongly rejected by
the Jarque-Bera test for all stock returns. The Ljung-Box (LB) Q-statistic indicates
significant serial correlation in daily stock returns for all markets. We also calculate the
LB Q-statistic for the squared returns, denoted by LB-Q% as a diagnosis for
autoregressive conditional heteroskedasticity (ARCH) (Engle, 1982), In all cases, the
LB-Q? statistic is highly significant, indicating strong ARCH effects. In other words,
large deviations of stock returns tend to occur in a clustered fashion. These observations

underline the importance of modeling both the conditional mean and the conditional

7 1t is well known that standard unit root tests, such as the augmented Dickey-Fuller (ADF) tests,
possess low power against the alternative of a stationary but persistent process, The ADF-GLS test is
approximately uniformly the most powerful invariant against the local alternatives.

To conserve space, the unit root test results are not reported but are available upon request Botha
constant and a linear trend are included in the ADF-GLS equation when the level series are tested.
For the first difference series, we include only a constant term. In evaluating statistical significance
of the test statistics, we adopt the five percent level! finite sample critical values tabulated by Cheung
and Lai (1995).



variance processes of the stock returns jointly while allowing for serial correlations in
both in order to capture their dynamics adequately.

As a general indicator of market comovement, we provide a correlation matrix
of stock returns in Table 2. Apparently, the intra-regional correlations are greater than
the inter-regional correlations. Within the Asian markets, the correlation ranges from
0.24 (Malaysia-Philippines) to 0.36 (Malaysia-Thailand). Similarly, for the Latin
American markets, it varies from 0.23 (Argentina-Brazil) to 0.39 (Brazil-Mexico). On
the other hand, the inter-regional market correlation is at most 0.17 (Hong Kong-Chile)
and is as low as 0,05 (Argentina-Malaysia and Argentina-Philippines). These
observations are consistent with the previous finding that market linkages are stronger
within the same geographical region (Baig and Goldfajn, 1999; Edwards and Susmel,

2001; Koch and Koch, 1991).

3. Empirical Methodology
3.a Univariate Model Specifications

To capture the salient dynamics of the stock price movements summarized in the
previous section, we model the daily stock returns as a stationary AR sgries with a
time-dependent conditional variance that follows a GARCH process:

L=yttt T,

&4, ~NQ,h), (1)

h = ay +oel, + ph,
where 7, is the daily stock return, Time series models with the GARCH features such

as (1) are widely used as a convenient tool for modeling the dynamics of financial data



that exhibit changing volatility.” The initial estimate of p, the order of the AR lag, in the
mean equation is determined by the Schwartz-Bayesian information criteria (SBIC). For
the conditional variance process, we adopt GARCH(1,1) as the basis specification. The
mean and variance equations are estimated jointly by maximum likelihood. The
adequacy of the model specifications is evaluated by diagnostic checking on serial
correlation in the resulting standardized residuals and their squares.
3.b Residual Cross-Correlation Function Tests for Causality

In investigating causal linkages among the individual stock returns described by
(1), we adopt the residual CCF tests .developed by Cheung and Ng (1996). As a natural
extension to the well-known Wiener-Granger causality in mean (Granger, 1969),
Cheung and Ng (1996) develop a formal procedure to test for causality in the second
moment between {wo time series. Essentially, the idea here is tq extract (squared)
disturbances from the univariate time series models of stock returns and inspect their
cross-correlations at various lags to identify the pattern of shock and volatility
transmission across markets, Testing formally for causality in variance, in addition to
causality in mean, is vital for the purpose of this study since the national stock markéts
~ may interact With each other in the form of volatility spillover (Cheung and Ng, 1996;
King and Wadhwani, 1990; Hamao, Masulis, and Ng, 1990). In particular, if financial
crises are indeed contagious, uncertainty about one market can {ead to uncertainty about
others, resulting in significant volatility transmission.

We follow Cheung and Ng (1996) in briefly describing the CCF test procedures
below. Lef x, and y, be the daily returns of two different stock markets described by

(1). First, we estimate (1) for x, and y, to obtain their respective standardized

? gee Bollerslev, Chou, and Kroner (1992), and Campbell, Lo, and MacKinlay (1997).



residuals u, and w,:

u, = (x, ~ %)/ B -
W= (=90
We then calculate the sample cross-correlation between u, and w, at lag &, and
denote it by 7, (k):

e (K) = ¢, (B)(e,, (0)e,,,, (0) ™2, ()

where ¢, (0) and c,,(0) are the sample variances of u, and w,, respectively, and

¢,, (k) isthe k-th lag sample cross-covariance:
Co () =T (u, =T Y(w,, — W), 4

with 7' being the number of observations. Then, the causality-in-mean test statistic is

defined by:
Sy =T (N2, )

Cheung and Ng (1996) show that the test statistic has an asymptotic chi-square

distribution with (k—+1) degrees of freedom for the null hypothesis of y, not causing

x, in mean at lags from j to k, where j<k.'"® Rejecting the null hypothesis suggests that

(Y1gs++s¥,-;) contain signiﬁcaﬁt information about x, that is not envisaged by its

own model dynamics. Since lthe test is based on the cross-correlation of the estimated
disturbances to stock returns, a rejection of the null hypothesis has a natural
interpretation that there exists significant cross-market shock transmission from y, to
x, withjto klags.

Similarly, the null hypothesis of no causality in variance can be tested using the

10 Causality at a specific lag g can be tested by setting j=k=4.

10



sample cross-correlation in the squared standardized residuals »] and w. The test

statistic for causality in variance is defined by:

R OICHOR ©)
which also has an asymptotic chi-square distribution with (k-+1) degtees of freedom.
The statistic serves to test the null hypothesis of y, not causing x, in varian.ce atj to
k lags. A rejection of the null hypothesis is interpreted as a significant indication of
stock market volatility spillover from y, to x, atjto klags.

In addition to the explicit modeling of conditional volatility by the GARCH
technique, the residual CCF tests proposed by Cheung and Ng (1996) described above
have several desirable features for the purpose of the current study. The tests identify
causal directions and lag structures, which are important factors for understanding the

shock propagation patterns across various stock markets. Also, spillover of market

volatility can be formally tested by the s , statisiic, Further, as compared to alternative

approaches such as use of multivariate GARCH models, the CCF tests avoid .
over-parameterization by practicing parsimonious modeling. Finally, the CCF tests are
asymptotically robust to distributional assumptions, and the Monte Carlo experiments
by Cheung and Ng (1994) show that they possess good empirical size and power

properties.

4, Results for the Entire Sample Period
As an initial set of empirical evidence, this section presents the results obtained
using the entire sample data. Table 3 displays the estimation results of (1) for the Asian

and Latin American markets using the 1990-2001 sample. For most markets, the SBIC

11



selects AR(1)-GARCH(1, 1) specification. The data on Thailand and Argentina,
however, exhibit strong serial correlations, and consequently, AR(2)-GARCH(1, 1) and
AR(3)-GARCH (1, 1) are adopted, respectively. Ekcept for Brazil, the LB Q-statistic
and Q’-statistic indicate no further serial correlations in the resulting standardized
residuals and their squares, respectively, at the conventional levels of significance. The
Brazilian stock return exhibits highly persistent ARCH effects that is not fully captured
by GARCH(1, 1) specification. The problem is not easily resolved by fitting alternative
GARCH specifications. Thus, we tentatively report the result for AR(1)-GARCH(I, 1),
while noting that a caution needs to be exercised when interpreting the causality in
variance test results for Brazil. We will return to the issue in section 5 where we discuss
the possibility of parameter instability of the stock return models.

Using the standardized residuals and their squares obtained from the estimated
AR-GARCH models, we next implement the CCF tests to examine inter-market
causality in mean and variance. Testing for causality in both mean and variance for all
market pairs at lags and leads will generate a voluminous amount of information. To
highlight essential information, we define the regions’ focal markets and focus on their
linkages with others.!! Considering how the 1994-95 Mexican and the 1997-98 Asian
crises - arguably the two most momentous crises in the sample - were initiated, we
define Thailand and Mexico to be the focal markets of Asia and Latin America,
respectively,

4.a Causaql Linkages within Each Region
We begin with the results for cross-market causality within each region,

summarized in Table 4. In conducting the tests, we set j=k in (5) and (6) and the

"' The results for other market pairs, not reported due to space limitation, are available upon request.

12



maximum lag to be five trading days. Thus, the reported statistics are for causality at a
specific lag k, where 0<|k|<5. The test results are organized by market-pair and lag order.
For a pair of markets in the same region, a significant test statistic with lag k¥ < 0 should
be interpreted that the stock return of the first-listed market causes that of the
second-listed in mean and/or variance with a |k}-period lag. Similarly, if the test statistic
is significant with &£ > 0, the second country’s stock return is found to cause the first
country’s in mean/variance with a &-th lag. A significant test statistic with #=0 indicates
contemporaneous causality.

Panel A of Table 4 presents the causality in mean test results. Apparently,
market returns in the same region share significant contemporaneous causality in mean.
This is consistent with the sizeable contemporaneous correlations between markets
within a region reported in this and many previous studies. In addition, the test statistics
are significant also for one-day lag and lead for the Asian pairs. For the Latin American
pairs, the causal pattern does not appear uniformly symmetric. Besides the significant
instantaneous causality, Mexico causes others with one period lag. However, the
reversed causality with k=1 is significant only from Argentina. Overall, the results
suggest that shocks travel across markets in the same region within one trading day.

The causality in variance test results reported in Panel B of Table 4 suggest that
market volatility is also shared in a contemporaneous fashion within each region. The
pattern of noh-contemporaneous causality, however, varies substantially by market pair.
While the overall causal pattern defined by the significance, directions, and lag
structures, is not unanimous, it is indicated that intra-regional market interactions over
the past twelve-year period have taken place not only in the first moment but also in the

second moment of stock returns.

13



4.6 Causal Linkages between Asia and Latin America

Let us turn our attention to causality across regional boundaries. Tables 5 and 6
summarize the results of inter-regional CCF tests. It is noted that the Asian markets and
the Latin American markets operate in different time zones while the market
operating-hours overlap within each region.'* The interpretation of the lag & has to be
modified accordingly. Specifically, significant inter-regional cross-market correlation on
the same calendar day (i.e. £=0) should be interpreted as evidence of the Asian market
causing the Latin American market, but not vice versa. Thus, for a given pair of markets,
a significant test statistic with lag & < 0 indicates that the stock return of the first-listed
Asian market causes that of the second-listed Latin American. If the test statistic is
significant with £ 2 1, the Latin American market’s stock return is found to cause the
Asian one.

Table 5 presents strong evidence that the Asian markets and the Latin American
matkets cause each other in mean. For all inter-regional market pairs, the causality in
mean test statistics are significant for both 4=0 and £=1. In other words, market
disturbances realized in Asia hours ago significantly affects the return for the Latin
American markets now. Similarly, shocks to the Latin American markets now exert
significant influence on how the Asian markets will do tomorrow. It is noted that highly
significant inter-regional causality in mean is observed mostly within a twenty-four

hour lag or lead.

The results of the inter-regional causality in variance test are reported in Table

"2 The market operating hours in local times are as follows: Hong Kong 10:00-12:30, 14:30-16:00;
Malaysia 9:00-12:30, 14:30-16:30; the Philippines 9:30-12:00; Thailand 10:30-12:30, 14:30-16:30;
Argentina 14:00-18:00; Brazil 11:00-13:30, 14:30-17:45; Chile 9:30-17:30; Mexico 8:30-15:00,
Hong Kong, Malaysia, and the Philippines are in the same time zone. Thailand lags behind them by
one hour. Argentina and Brazil are ten hours behind Thailand. Chile and Mexico lag behind -
Argentina by one hour and two hours, respectively.

14



6. It is revealed that, unlike the two-way causality in mean, significant causality in
variance runs primarily from the Latin American markets to the Asian markets. In fact,
for the majority of the examined market pairs, causality in variance is significant only in
one direction, from Latin America to Asia, with k=1. The results suggest that while the
Asian markets contract volatility in Latin America significantly and swiftly, volatility
spillover in the opposite direction is less likely, These observations apply also to the
direct relationship between the two focal markets such that Mexico causes Thailand in
variance, but not vice versa, The result reveals that, despite the strong two-way causality
in mean, the relationship between the two regions is not symmefric since the

information flow that drives the behavior of conditional variance is uni-directional.

5. Market Linkages in and out of Crises: Evidence from Rolling CCF Tests

The results in the previous section provide a general idea of the inira and
inter-regional causality among the markets in Asia and Latin America over the past
twelve-year period, They suggest the presence of significant market linkages within
each region and across the two. During the 1990-2001 period, however, the market
environments fluctuated considerably as rapid growth was repeatedly interrupted by
market disorder such as the 1994-95 Mexican and the 1997-98 Asian crises,
Consequently, it is conceivable that the dynamics of stock return processes also shifted
over time. Therefore, in this section we remove parameter stability constraints from the
stock return models, and examine how the inter-market causal dynamics has evolved
since 1990 as the markets experience booms and busts. It is noted that, within our
sample, crisis incidents are distributed primarily in the following three tifne intervals:

1990-91 (Argentina and Brazil); 1994-95 (Mexico, Argentina, and Brazil); and 1997-98

156



(Thailand, Malaysia, and the Philippines), These sub-periods are considered as turning
points of market environment when interpreting the empirical results below,

Addressing the possibility of shifting model parameter is worthwhile due also
to the following reason. The estimation results of the stock return models reported in
Table 3 imply that the conditional variance processes are highly persistent. Specifically,
the obtained GARCH parameters are often such that the estimates of o, and f sum
up close to unity, exhibiting a symptom of the so-called integrated GARCH (IGARCH)
process. This applies especially to the Brazilian data, whose conditional variance
process is so persistent that it {s not fully captured by GARCH(I, 1) specification as
mentioned in section 4, Diebold (1986) and Lamoureux and Lastrapes (1990) point out
that such seemingly excessive persistence may be a result of a structural break in the
conditional variance processes. If this is indeed the case, imposing parameter stability
. over the entire sample period may lead to inaccurate inferences.

To trace how the cross-market causal linkages have evolved since 1990 while
alleviating effects of possible parameter instability, we conduct rolling CCF tests as
follows. Starting from January 1990, we perform the residual CCF test using a fixed
window of 240 observations and roll it through the entire sample period.” With an
addition/deletion of each observation, the AR-GARCH models are re-estimated to
update all paramaters.14 The resulting standardized residuals and their squares are used

to test for cross-market causality for the corresponding 240-trading day sub-periods, To

B The 240-observation window corresponds roughly to a one-year period In calendar time, In
deciding the length of the rolling window, there is a trade off between the degrees of freedom for the
AR-GARCH estimations and possibility of including a structural break within the window. A longer
window provides a greater degree of freedom in estimating the AR-GARCH models. However, it
will also create a greater number of sub-petiods that contain a possible structural break.

4 The AR-GARCH model specifications selected in section 4 are used for all sub-periods. Since the
parameter values are renewed in each estimate, the resulting (squared) standardized residuals and
their correlations change over samples.

16



summarize the results succinctly, we plot the significance level of the causality test
statistics as time series.
5.a  Evolution of the Causal Linkages within Each Region

Before discussing the results in detail, it is worth mentioning that the symptom
of IGARCH is indeed alleviated in the rolling estimations. in general, the sum of the
estimates of «, and f stay well below unity, and the resulting LB Q*-statistic
suggests that the GARCH (1, 1) specification is sufficient to capture the conditional
variance dynamics for the Brazilian data as well as others.

Figure 2 portrays the time series behavior of thc; signiﬁcance of the intra-Asian
causality in mean/variance statistic under the null hypothesis of no causality within two
trading-day lags.” In Figure 2.A, the p-values of the test statistics for causality in mean
from Thailand are plotted by destination market, Figure 2.B depicts the significance of
the reversed causality. The labels on the horizontal axis denote the beginning dates of
the 240-trading-day rolling window. The two figures, which appear largely symmetric,
indicate that the intra-Asian causality in mean concertedly turn highly significant in
three sub-periods: 1990; mid-1993 through 1995; and from early 1997 to mid-1998 or
later.

As Figure 1.A shows, the first sub-period of 1990 contains the joint decline of
the Asian stock indices, including a plunge of the Philippine and Thai markets.'® The
second sub-period corresponds to the collective market slide of early 1994, and the

subsequent market mayhem started in Mexico. It is noted that the causal relationships

1 The displayed results in Figures 2 and 3 are for j =0 and k = 2, We consider £ = 2 an appropriate
choice based on the results in section 4 that significant causality is observed within two lags/leads in
most cases. Increasing & would mask the significance of causality at a shorter lag. On the other hand,
k=1 is too restrictive to fully capture non-synchronous causality.

1% The incidents roughly coincide in timing with the currency crises in Argentina and Brazil.
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become insignificant between the first and second sub-periods as the Asian markets
experience fairly steady growth as seen in Figure 1.A. The third sub-period of 1997-98
coincides with the Asian crisis. These results altogether seem to suggest that the causal
interactions in mean within Asia are intensified when the markets are faced with adverse
environment.

The remaining two figures 2.C and 2.D describe time variation of the
intra-Asian causality in variance from and to Thailand, respectively. The significance of
the test statistic appears highly time dependent, and it often varies widely also by
market pair. Nevertheless, in Figure 2.C unanimously significant results in two
occasions are discernible. In mid-1993 the causality in variance for all destinations
become significant and remain largely so through 1995, After an interval, the significant
results simultaneously recur in the spring of 1997 to last for approximately one year.!”
These sub-periods of firm market linkages in variance coincide in timing with the
Mexican and Asian crises. In view of these results, it should be noted that the causality
in variance within Asia become highly significant not only at the time of the Asian crisis,
but also around the time of the Mexican crisis.

Figures 3.A and 3.B plot the significance of intra-Latin American causality in
mean directed from and to Mexico, respectively. The message in the figures is clear. The
causality-in-mean relationships were unstable and generally insignificant until 1993. In
the summer of 1993, however, they become highly significant in a remarkably

concerted fashion.”® Except for the temporarily insignificant Mexico-Chile relationship
p p

"7 As seen in Figure 2.D, the significant causality from Thailand is reciprocated by Hong Kong and
the Philippines, but not by Malaysia,

' 1t is reminded that we refer to 240-trading day sub-samples by their beginning dates. Thus, this
result should be interpreted that the test statistic becomes highly significant as the sample draw more
observations from 1994 and fewer from 1993,
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in 1995, the intra-Latin American causal linkages have remained highly significant ever
since mid-1993, exhibiting no sign of instability. In other words, the market
relationships appear to have been permanently transformed. This point, although
important, has not been well taken into consideration by previous studies when
assessing market contagion. When disturbances leave persistent effects on the market
linkages, it becomes rather difficult to provide an accurate evaluation of the contagion
hypothesis by simply comparing only two particular sub-samples, By illustrating the
behavior of market linkages continuously through the wiwle sample period, out
empirical results reveal a more comprehensive picture of the issue.

The evidence of causality in variance within Latin America is summarized by
Figures 3.C and 3.D. Similarly to the causality-in-mean case, the causality-in-variance
test results are generally insignificant until mid-1993, Then, the market linkages seem to
be firmly built in 1994 through the first quarter of 1995, Afier experiencing instability
for some market pairs, the test statistics become highly significant in a unanimous
faghion in early 1997, It should be noted, however, that unlike the causality-in-mean
case, Mexico’s causality-in-variance refationships with Argentina and Chile become
insignificant again in 1999 as the markets enter the post-Asian crisis era. On the other
hand, the linkage with Brazil, which experienced a curtency crisis and a consequent
stock plunge in 1999, has remained highly significant.

In sum, we note that the periods of significant market linkages very often
coincide with the periods of major financial crises. Specifically, we note that, both
within Asia and within Latin America, the causality in mean between markets is cléarly |
strengthened around the time of the 1994-95 Mexican and the 1997-98 Asian crises.

Although not as unequivocal as the causality in mean, the intra-regional causality in
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variance also exhibits a tendency to intensify at the time of the two major crises. Taken
altogether, the evidence from the rolling tests suggests that the market linkages in the
same geographical region tend to be firmly established when markets suffer from crises.
It should be emphasized that both the intra-Asia and intra-Latin America stock return
causality becomes highly significant in both the Mexican crisis and the Asian crisis
periods. The results seem to imply that a crisis in one region can establish significant
causal linkages between stock markets within its own region as well as within the other.
5.6 Evolution of the Causal Linkages between Asia and Latin America

We next examine the time series behavior of the inter-regional market linkages.
Specifically, we study how the significance of causality from each region’s focal market
to markets in the other region has fluctuated. Figures 4.A and 4.B plot the p-values of
the CCF test statistic under the null hypothesis of no causality in mean and variance,
respectively, from Thailand to the Latin American markets at the first to third lags."
The first observation to note regarding Figure 4.A is that significance of the
inter-regional causal relationships in mean appears far less stable than the intra-regional
counterpart. It varies widely over time and by market-pair. Nevertheless, the figure
decidedly points to one striking phenomenon. From early 1997 to mid-1998, the
causality in mean from Thailand to Latin America becomes highly significant in a
remarkably concerted fashion. The results imply that as the financial crises sprawled in
Asia, the Latin American markets became linked to the troubling Asian markets, and
consequently, they were exposed to negative effects of the crises in Asia. It is

emphasized that the change in the significance of the causal relationships at the time of

" For causality from Asia to Latin America, the p-values for j = 0 and k= 2 are plotted, For
causality in the opposite direction, Figure 5 plots the p-values for j = | and k=3 due to the
non-synchronous trading hours of the two regions,
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the Asian crisis is quite drastic and wnambiguous. While there are other sub-periods for
which the test results are significant for some market-pairs, none contains similarly
striking and unanimous indications of robust market linkages. It is also important to
observe that the emergence of the significant causal linkages is only temporary, unlike
the infra-regional cases seen in the previous subsection.

Figure 4.B portrays how the significance of the causality in variance from
Thailand to the Latin American markets behaved, Consistently with the entire-sample
results reported in Table 6, significant causality in variance destined to Latin America,
although occasionally observed, is rather sporadic. Aside from the one destined to
Mexico for early 1990 to mid-1991, the volatility spillover from Thailand to Latin
America does not seem to be firmly established.

Evolution of causality in the reverse direction, from Mexico to Asia, is
portrayed in Figure 5. The significance of causality in mean, in Figure 5.A, appears
highly time varying and destination specific. While exhibiting significance in part of
1990, the causal linkages become largely insignificant and unstable in the following
years.”? In 1995, however, the from-Mexico-to-Asia causality in mean became highly
significant in a unanimous fashion. Although the significance level declines in 1996, it
is revived in 1997 through 1999, except for the one to Malaysia. Although not as
unequivocal as in the intra-Latin American cases, the figure seems to suggest that the
causality in mean from Mexico to Asia, excluding Malaysia, is more stably established
after 1995 than before.

As enunciated by Figure 5.B, the causality in variance from Mexico to Asia

also appears rather erratic. Nevertheless, as compared to inter-regional causality in

2 An exception is the significant causality from Mexico to Hong Kong throughout 1993.
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variance in the opposite direction (shown in Figures 4.B), significant resuits are more
often observed, especially in the second half of the sample. While volatility of the
Mexican market hardly influenced that of the Asian markets before, in 1995, Mexico
came to cause the Asian markets in variance. Although market linkages do not seem
firmly established for all destinations, the causality in variance to Hong Kong during
1995-1996 is evident. Later in 1997, the causality in variance from Mexico to the Asian
markets, except for Malaysia, becomes unambiguously significant. Taken together with
the from-Thailand-to-Latin America results above, it seems that the volatility spillover
around thé time of the Asian crisis took place primarily in one direction, from Latin
America to Asia. That is, the ones in the middle of the crisis were the recipients rather
than the senders of market volatility. The finding should be contrasted with the
Asia-causing-Latin America-in-mean resuls.

Overall, we find the causality across the regions to vary more considerably
over time and by market-pairs than the causality within each region. Nevertheless, as
the Asian crisis is initiated in 1997, the causality in mean from Thailand to Latin
American markets becomes highly significant in an unmistakable fashion. As
demonstrated by Figure 4.A, the causality-in-mean relationships between Thailand and
Latin America during the Asian crisis appears strikingly different from those before or
after the crisis. The evidence is consistent with the prediction of the contagion
hypothesis. Further, it suggests that significant market linkages are established even
across regional boundaries, The.same observation, however, does not apply to causality
in variance, Except for Chile to some extent, the Latin American markets do not seem
susceptible to volatility of the Thai market during the 1997-98 crisis. Regarding the time -

variation of the inter-regiona!l causality in the opposite direction, from Latin America to
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Asia, the message carried by the empirical results is not as unequivocal, Nevertheless,
we tend to see that the Mexican market has been more influential to the Asian markets
since 1995 than it was in the previous period. Taken into account together with the
intra-Latin American results, it seems that the experience of the Mexican crisis had

rather fundamental effects of enhancing various inter-market linkages.

6. Conclusion

One intriguing empirical observation over the past decades is that financial
crises in emerging markets often occur in a clustered fashion in timing. A natural
supposition is that there are significant cross-country casual interactions, or contagion,
in the financial markets as they experience turbulence in a seemingly concurrent or
successive fashion, Whether or not the supposition holds true has critical implications
for the ongoing debate over the desirability of swift financial market liberalization in
many emerging economies. To gain insight into the issue, it is instructive to investigate
how shocks and volatility travel across emerging financial markets within a region as
well as across a regional boundary.

In this study, we examine the causal linkages among several emerging stock
markets in Asia and Latin America using the daily observations of their stock indices
over the past twelve-year period. After modeling the dynamics of the daily stock return
using the GARCH techniques, we conduct the cross-cotrelation function tests for
causality in the first and second moments at various lags and leads using the
standardized residuals and their squares. The empirical results suggest that there are
indeed considerable causal interactions across the emerging stock markets. When the

data for the entire 1990-2001 sample are used, the markets within each region are
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generally found to share significant causality in mean and variance of their stock returns.
Regarding interactions between the Asian and Latin American markets, the empirical
evidence suggests that shocks to the market return in one region exerts a significant
influence on the return in the other region immediately on the following trading day.
Remarkably, however, the transmission of market volatility between the two regions is
found to flow mostly in one direction, from Latin America to Asia.

To better understand if and how the pattern of market interactions alters
significantly as the markets go through volatile and stable periods, we extend our
exercise by conducting the causality tests with a rolling window. It is evidenced that the
significance of the causal linkages between markets varies substantially over the sample
period. Importantly, there are considerable indications that the causal linkages are
strengthened around the time of major financial crises such as the 1994-95 Mexican and
the 1997-98 Asian crises. The tendency is clearly seen for the intra-Asia market
relationships both in mean and variance, as well as the intra—Latin America market
relationships in variance, The causality in mean within Latin America, on the other hand,
seems to be permanently transformed once the markets experience the Mexican crisis.
Furthermore, as clearly seen in the example of causality in mean from Thailand to Latin
America (Figure 4.A), enhancement of market linkages under turmoil is not necessarily
contained within regional boundaries. In view of all the empirical evidence, we
conclude that the causal interactions among emerging stock markets in Asia and Latin
America under crisis circumstances seém to differ from those in stable times, Within
each region as well as zllcross the two regions, the market returns appear to become more

interdependent on each other.

As an additional note, our empirical results also underscore the complexity of
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intet-market relationships, Specifically, time-dei)endent market linkages may be
established through mean and/or variance of stock returns, and the relationships can be
asymmetric between regions. Also, shocks on market linkages can be temporary or
highly persistent. These various possibilities should be taken into consideration when
investigating market contagion.

The exercise conducted in this paper provides useful information for
understanding the nature of dynamic interactions among the emerging financial markets
within and across the Asian and Latin American regions. Unlike the correlation analyses
between two particular sub-samples, our empirical procedure illustrates how the market
linkages, via the first and second moments of stock return, have evolved over the past
twelve years. With the use of the daily frequency data, the CCF tests identify causal
structure between markets operating in different time zones while explicitly accounting
for conditional heteroskedasticity. |

Unfortunately, implementation of our empirical exercise also bears a cost.
Sinc:t? data on key macroeconomic variables are not available at a daily frequency, we
are unable fo infer to the sources of market shocks and volatility, Thus, our finding
simply portrays changes in the pattern of causal interactions across markets over time.
As a possible extension in the future, it would be useful to see if data on other financial

variables such as exchange rates and interest rates depict a similar picture,
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Table 1 Descriptive Statistics _
Mean Std. Dev. Skewness  Kurtosis Normality  LB-Q(10)  LB-Q*(10)
Asia

Hoﬁg Kong 0.0317 0.0172 -0.0457 8.4503 *x 38.0455%*%  915.594**
Malaysia -0.0084 0.0213 -0.7187 51.4698 * 88.6108**  155.302%%*
Philippines -0.0245 0.0172 0.8020 13.6505 *k 139.598**  178.394**
Thailand -0.0549 0.0224 0.4427 6.6383 *k 109.975%*  1135.73**
Latin America
Argentina 0.0215 0.0334 -5.8169 201.9157 ** 135.027**  164.454**
Brazil 0.0279 0.0291 -0.3761 8.0527 o B2.775%* 1016.14%*
Chile 0.0367 0.0125 0.0401 6.1661 *E 201.684** 392 839%*
Mexico 0.0524 0.0202 -0.1088 13.4732 ** 55.000%* 490.063**

Notes: Descriptive statistics of the daily stock returns are provided for the countries noted in the first column. “Std. Dev.” is the standard
deviation. Mean and standard deviations are in percentage terms. LB-Q(10) and LB—Qz(IO) give the Ljung-Box Q-statistics calculated from the
first 10 aatocorrelations of the estimated standardized residuals and their squares, respectively. The entry under “Normality” indicates the

significance of the Jarque-Bera test for normality. ** indicates the statistical significance at one percent level.



Table 2

Correlation Matrix of the Stock Returns

Hong Malaysia Philippi. Thailand Argenti.  Brazil Chile Mexico
Kong

Malaysia 0.3470

Philippines  0.2958  0.2367

Thailand 0.3564 03649 0.3208

Argentina  0.0738  0.0504 0.0501 0.0668

Brazil 0.1089 0.0598 0.0593 0.0845 0.2255

Chile 0.1726  0.0885 0.1126 0.1425 0.2598 0.3062

Mexico 0.1562 0.1043  0.1012 0.1098 0.2812 0.3934 0.3447

Note: Each entry gives a sample correlation between the daily stock returns of the
corresponding markets,
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Table 3 Estimation Results of AR-GARCH Models

Parameter Hong Kong Malaysia Philippines  Thailand Argentina Brazil Chile Mexico
do 0.0008%* 0.0005%* 0.0002 0.0000 0.0007* 0.0009** 0.0000 0.0012**
(0.0002) (0.0002) (0.0004) (0.0002) (0.0003) (0.0003) (0.0002) (0.0002)
¢ 1 0.0922%* 0.2013%* 0.1939** 0.1356%* 0.1105** 0.1296%* 0.2474%* 0.1802**
(0.0219) (0.0217) (0.0268) (0.0207) (0.0200) (0.0196) (0.0329) (0.0224)
b2 - - - 0.0577** -0.0474 - - -
(0.0216) (0.0267)
d2 - - - - 0.0510* - - -
(0.0244)
Qg 0.0000** 0.0000* 0.0000%* 0.0000* 0.0000%* 0.0000 0.0000 0.0000**
(0.0000) (0.0000) (0.0000) (0.0000) {0.0000) (0.0000) (0.0000) (0.0000)
@ 0.1092%* 0.1048** 0.1204** 0.1144%* 0.1430** 0.1300%* 0.1291 0.1953**
(0.0207) (0.0129) (0.0213) (0.0257) (0.0210) (0.0196) (0.1362) (0.0508)
B 0.8692%* (0.8974** 0.8699** 0.8755%* 0.8461** 0.8739** 0.8393%* 0.7485%*
(0.0247) {0.0136) (0.0243) (0.0290) (0.0195) (0.0202) (0.2116) (0.0557)
- LB-Q(10) 10.8741 14.0635 11.8897 17.4154 16.3710 12.9777 14.1852 15.4066
LB-Q%(10)  3.5230 10.8047 0.5494 17.6290 12.6340 19.8025*  3.1412 13.3926




Notes: The estimated coefficients and standard errors in parentheses are reported for (1)
in the main text. LB-Q(10) and LB-Q*(10) give the Ijung-Box Q-statistics calculated
from the first 10 autocorrelations of the estimated standardized residuals and their

squares, respectively, ** and * indicate statistical significance at 1 % and 5 % levels,
respectively.
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Table 4

Intra-Regional Causality Test Results

Thailand/  Thailand/  Thailand/  Mexico/ Mexico/ Mexico/
Hong Malaysia  Philippines Argentina  Brazil Chile
Lag & Kong
A. Causality in Mean
-5 0.0002 1.4849 0.9877 1.7695 0.3581 2.3776
-4 2.2781 0.0134 0.5135 2.9143 0.4599 0.0693
-3 0.3525 0.4399 1.7141 0.1825 0.0638 1.4156
-2 34378 2.9258 0.9299 2.1027 (.1853 0.0928
-1 6.7212%%  4.8442* 41.6771%%  255941%%  257498%*  20.1899**
0 319.336%%  270.652**  131.203** 360.231**  402.,538**  233,127%*
1 37.5247%* 25.5580%*% 6,9469**  5.6424* 1.0865 0.1213
2 1.2866 0.1965 2,0916 0.3011 0.0058 0.2411
3 0.7254 0.2293 2.5761 2.8104 0.5053 0.0038
4 0.0203 0.3095 0,1322 22216 0.7377 0.0284
5 1.2291 3.7752 0.1542 0.9165 0.0752 0.2336
B. Causality in Variance
-5 0.1820 0.9962 0.0639 0.8964 0.5753 0.7608
-4 0.5628 0.5130 0.0079 0,5574 1.6295 0.2600
-3 0.4247 0.0017 8.8226**  0.0741 0.0575 0.5102
-2 2.6569 2.1092 0.1215 2,6429 0.9600 0.0761
-1 1.5091 0.4619 3.3625 13.5426**%  4.5129* 0.1775
0 227.536**  T4.8377**  6.2313* 267.648%% 225 715%%  73.3569%*
1 27.5124*%%  2.4942 0.0052 3.7523 0.2417 3.8669*
2 7.2683*%%  (1.4433 0.5254 8.9002**  242562*%%  (.0027
3 1.2884 0.0978 0.0482 0.0679 1.2806 0.1333
4 0.0129 0.1662 1.0163 0.1549 0.1801 0.0015
5 24192 0.1544 0.0036 0.1633 1.1439 0.5045

Notes: Each entry in Panels A and B respectively gives the causality in mean and
causality in variance statistics, defined by (5) and (6) in the main text, between the stock
returns of the countries noted in the top row. The lag k denotes the number of periods by
which the stock return of the first market lags or leads that of the second market. A
negative (positive) value of % indicates lags (leads). ** and * indicate statistical

significance at 1 %, and 5 % levels, respectively. The sample petiod is from January 1,
1990 to November 14, 2001,
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Table 5 Inter-Regional Causality in Mean Test Results

. Lag Thailand/ Thailand/ Thailand/ Thailand/  Hong Kong/ Malaysia/ Philippines/
Argentina  Brazil Chile Mexico Mexico Mexico Mexico

-5 0.1487 0.4614 7.434** 1.2348 0.0098 3.1890 1.8286

-4 0.0052 0.5015 2.3671 0.5127 1.2332 0.6074 0.1593

-3 0.3631 0.0619 0.5783 0.0659 0.5936 0.4197 0.9671

-2 0.1021 0.7162 0.4445 1.6977 1.2650 0.9237 1.3821

-1 0.5501 1.3994 0.2146 | 0.3270 0.0000 0.7088 0.9307

0 27.4757**  31.6773%*%  45.3213*%%  30.9769**  69.2352%%  38.0248**  17.0803**
1 45.7044%%  23.9973*%*  43.0869**  74.7691*%*  164.5102** 51.2159**  70.4784**
2 7.5820%* 6.2501* 1.1286 3.1779 0.0026 1.4921 1.4134

3 3.0534 1.9657 1.0244 5.4847* 1.0846 2.8800 1.2603
4 0.4621 0.4836 1:1 906 5.6467* 0.4416 0.0075 0.0459

5 0.6366 0.1547 0.3690 0.2467 0.1273 0.2030 0.3342




Notes: Each entry gives the causality in mean statistic, defined by (5) in the main text,
between the stock returns of the countries noted in the top row. The lag k denotes the
number of periods by which the stock return of the first market lags or leads that of the
second market. A negative (positive) value of k indicates lags (leads). ** and * indicate
statistical significance at 1 % and 5 % levels, respectively. The sample period is from
January 1, 1990 to November 14, 2001,
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Table 6 Inter-Regional Causality in Variance Test Results
Lag Thailand/ Thailand/ Thailand/ Thailand/ Hong Kong/ Malaysia/ Philippines/
Argentina  Brazil Chile Mexico Mexico Mexico Mexico

-5 0.0600 0.0000 0.4668 0.6882 1.2841 0.7964 0.7330

-4 0.9928 0.0075 0.0438 0.0113 0.3909 0.6920 0.0520

-3 0.7027 1.5483 0.0340 0.9102 3.7749 0.0179 0.9779

-2 0.0973 0.5663 0.2924 0.4911 3.2526 0.0012 0.0202

-1 5.6316* 0.8921 0.9948 0.0141 0.2429 2.7239 0.0589

0 9.2205%* 1.3208 0.6311 2.9418 22 4633%* 0.7341 0.0022

1 27.5019%*  11.0055** 55.1160** 73.6690** 107.5454** 29015 8.0163%*
2 4.5895% 0.3682 0.8035 0.7396 0.2233 0.0378 0.0838

3 1.2041 0.4108 0.3095 - 2.3251 2.0339 0.7029 0.0034

4 2.0603 0.0279 1.9982 0.4502 0.1691 0.6781 0.0073

5 0.2691 1.4379 0.6174 0.0135 0.2118 6.4528% 0.1347




Notes: Each entry gives the causality in variance statistic, defined by (6) in the main text,
between the stock returns of the countries noted in the top row. The lag k denotes the
number of periods by which the stock return of the first market lags or leads that of the
second market. A negative (positive) value of & indicates lags (leads). ** and * indicate

statistical significance at 1 % and 5 % levels, respectively. The sample period is from
January 1, 1990 to November 14, 2001.
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Figure 1.A
Asian Stock Indices
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Figure 1.B
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Figure 2.A
Causality in Mean from Thailand
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Causality i Mean to Thailand
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Figure 2.C
Causality in Yatiance from Thailand
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Notes on Figure 2: The significance of the cross-correlation function test statistics for
causality in mean/variance within Asia is plotted as time series. Figures 2.A and 2.B plot
the p-values of the test statistic, defined by (5) in the main text, for causality in mean
from and to Thailand, respectively. Similarly, Figures 2.C and 2.D chart the p-values of
the test statistic, defined by (6), for causality in variance from and to Thailand,
respectively. The labels on the horizontal axis denote the beginning dates of the
240-trading-day window, for which the test statistics are calculated.
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Figure 3.A
Cavsality in Mean from Maxico
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Figure 3.1
Causality in Mean to Mexico
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Figure 3.C
Causality in Yariance from Mexico
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Notes on Figure 3: The significance of the cross-correlation function test statistics for
causality in mean/variance within Latin America is plotted as time series. Figures 3.A
and 3.B plot the p-values of the test statistic, defined by (5) in the main text, for
causality in mean from and to Mexico, respectively. Similatly, Figures 3.C and 3.D
chart the p-values of the test statistic, defined by (6), for causality in variance from and
to Mexico, respectively. The labels on the horizontal axis denote the beginning dates of
the 240-trading-day window, for which the test statistics are calculated,

42



Figure 4. A
Causality in Mean from Thailand to Latin America
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Figure 5.A
Causality in Mean from Mexico to Asia
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Notes on Figure 5: The significance of the cross-correlation function test statistics for
causality in mean/variance from Latin America to Asia is plotted as time series, Figure
5.A plots the p-values of the test statistic, defined by (5) in the main text, for causality in
mean from Mexico to Asian markets. Similarly, Figure 5.B charts the p-values of the
test statistic, defined by (6), for causality in variance from Mexico to Asjan markets.
The labels on the horizontal axis denote the beginning dates of the 240-trading-day
window, for which the test statistics are calculated.
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