IMF Staff Papers
Vol. 46, No. 2 (June 1999)
© 1999 Infernarional Monefary Fund

Financial Market Contagion in the Asian Crisis

TAIMUR BAIG and ILAN GOLDFAJN*

This paper tests for evidence of contagion between the financial markets o
Thailand, Malaysia, Indonesia, Korea, and the Philippines. We find that correla-
tions in currency and sovereign spreads increase significantly during the crisis
period, whereas the equity market correlations offer mixed evidence. We construc
a set of dummy variables using daily news to capture the impact of own-countn
and cross-border news on the markets. We show that after controlling for own:
country news and other fundamentals, there is evidence of cross-border contagio
in the currency and equity markef3EL F30, F40, G15]

Following the collapse of the Thai baht's peg on July 2, 1997, the financial markets ol
East and Southeast Asia—in particular, Thailand, Malaysia, Indonesia, the Philippines
and Korea—headed in a similar, downward direction during late 1997 and early 1998. Th
regional markets faced increasing pressure in the aftermath of the devaluation of the bal
and this pressure was reflected in the subsequent unraveling of the managed currencies
Malaysia and Indonesia. As the crises became full-blown, intense foreign exchange ar
stock market turmoil spread in the entire region, culminating in the collapse of the Koreal
won. News of economic and political distress, particularly bank and corporate fragility,
became commonplace in the affected countries, and it appeared as though anything tt
brought one market down put additional pressure on the other markets as well.
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Goldsbrough, Laura Kodres, Paul Masson, Jonathan Ostry, Roberto Rigobon, and seminar participants at
the IMF (Asia and Pacific Department), the World Bank (Research and Analytics Division), and the
University of Illinois (Department of Economics) for helpful comments and suggestions. They also thank
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What was the driing force behind this transmission of shocks from one-coun
try to the other®as it fundamentals dien, or vas it a case of irrational, herd
mentality displayed by panic-striek investors? Could the reaction of the nesk
simply be @&plained avay by their historically close relationships? Finatlyd
some countries play a fer role in terms of cross-border impact than others?
These questions prie the motiation behind this papeie carry out three sets
of analysis to tackle these issues. First, we use correlationseatol \aute
regressions (XRs) to see thexéent of comeement in the maits during the
crises. Second, we test whether the correlations in thesetmarkreased signif
icantly during the crises. Finallyve estimate the impact ofva-country and
cross-border nees on selectedrfancial markts of the rgion.

We use three and a half years of daily data (1995-98) fronivéhedlected
countries for our empirical analysi/e first study the correlation between the
countries of their respegé foreign &change, equityinterest rate, and gereign
debt markts, &amining which mar&ts seemed morefaéted and postulating
why this was the casélMe apply aVAR methodology to estimate the impulse
responses to shocks in each of the cugremd stock mawts. This allovs us to
see if there &s indeed sigrifant transmission of pressure in the respeatiar
kets, as well as o persistent those shocks were.

Then, we test if the correlations in tha@ieus markts increase sigiigantly dur
ing the crisis period in comparison to historical, “tranquil” periaglie If there is
no signifcant increase in the correlation, then it igljkthat the pressure felt by the
markets is more due to some common cause or ggillefects. The poliy implica
tion would be to focus on the source of the shock and try to tacklergtaOn the
other hand, if the increase in correlation is sigaiftly and substantially higher than
the historical correlations, then there is reason to suspect thadt martamentals
and/or sentiments @ shifted, resulting in a d&rent set of maet dynamics. In
such circumstances, there is amraue for measures to calm the nedsk

Finally, we distinguish between the impact of fundamentals and possible herd
behaior on stock mar&ts and echange rates. But our use of high-freqyenc
daily data limits our capacity to obtain nyarepresentations of fundamentaiée
remedy this by creating a set of dumnayriables to tad into account the signif
icant, marlet-moving news for the respectée countries.

The dummy wariables ser a dual purpose; thare proxies of wn-country
fundamentals, as well as a source of contagion for other coultiéesstimate
the impact of these dummies, as well as other selected fundamentals,ioarthe f
cial marlets through country-by-country geessionsWe further our study by
analyzing the residuals of thesgmessions to see th&tent of cross-border cor
relation after controlling for fundamentals.

In addition, we compare the correlation result of our sample countries (the
“Asia-5") against a “control” group. &1 this purpose, we choosgd European
countries that were not undgming ary sort of fnancial crises, and check
whether the mart variables of thé\sian crisis countries bebed diferently
than their European counterpaifge male our comparisons among the crisis
group and the control group, and test for sigaifit changes in correlations
within the control group.
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I. Conceptual Discussion of Contagion

The fact that theihancial crises in thAsian countries occurred almost at the same
time has led to the widespread use of ternestlileAsian “flu,” with the implica
tion that this is a case of contagion, where one cousrnthyate transmits to other
vulnerable countries. Use of such terminoldgywvever, tends to obscure \seral
pertinent issues wolving simultaneous occurrence afdncial crisesThe term
contagion itself is too broad, as there aneesd distinct forms of shock that can
transfer across borders, each wittry different poliy implications! Masson
(1998) highlights thearious concepts of contagiofhe simultaneous nvement
of markets could be>gplained by commonxternal fictors (e.g., a rise in U.S.
interest rates or the daluation of the yen), trade linkage, or third-merk
competition-related spilieers, or markt sentimentswWhile ary of these &ctors
could lead to what is pereeid as contagiousnancial crises, it is crucial to iden
tify which one of them is actually dihg the markt mayhem. One also needs to
take into account whether the presence of a higieseof correlations is didient
proof of contagion. If markts are historically cross-correlated, then a sharp
change in one maek will have an &pected change in ygn magnitude in the
other marlkts. If there is no appreciable increase in correlations during the crisis
period, then the maeits are simply reacting to each ottes dictated by their tra
ditional relationshipThe scenario is quite dgrent if the correlations change sub
stantially subsequent to the onset of the crises, in which case one can indeed mak
the case for contagion. In this section, we analyze thearete of thesearious
concepts in the conteof theAsian crises.

External or “monsoonal” &fcts, like the rise in German interest rates in 1992
(in the contgt of the ERM crises) or the U.S. interest rateehik 1994 (for the
Tequila episode), va been widely held to be triggers of contagious cuyrenc
crises among commonlyfatted countried.It has been gued that the sustained
depreciation of the Japanese yen vis-a-vis the U.S. db#iginning in the sum
mer of 1995, \as a signitant eternal factor contrilnting to the pressuraced by
Asian marlets.This agument is highlighted by thadt that theife most dected
countries—Thailand, Malaysia, Indonesiar&a, and the Philippines—had sub
stantial trade linkages with Japan and the United StateSgbée 1).The yens
depreciation led to real appreciation of the currencies that were predominantly
pegged to the U.S. dollathus hurting thexport sectors of these countri@he
declining ports in turn put pressure on the currencies ahead of the 1997 crises.
There are, hoever, several problems with this gument.As agued in Baig
(1998) and Chinn (1997), notwithstanding the depreciation of the yen, the real
exchange rates of thefatted economies (with theeeption ofThailand) did not
shov ary clear case of wervaluation relatie to their historical mgements.
Furthermore, there &g a substantial time lag between the y@®preciation and
the onset of the crises Asia.

1For further vork on contagion, seeofbes and Rigobon (1998), Glick and Rose (1998), Kamiask
Schmukler (1998)Agénor andAizenman (1998)Valdés (1997), and Sacf®rnell, andvelasco (1996).
2See Masson (1998).
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Table 1. Export Share of the Asia-5 in 1997
(As a percentage of fotal exports)

Thailand Malaysia Philippines Indonesia Korea United States Japan

Thailand — 4.6 1.2 2.0 1.8 19.8 15.0
Malaysia 3.7 — 1.3 15 3.2 18.3 12.4
Philippines 2.4 3.0 — 0.4 1.8 34.7 16.1
Indonesia 1.7 24 1.4 — 7.1 16.3 24.7
Korea 2.0 Al 1.6 2.9 — 16.6 10.6

Source: IMEDirection ofTrade Statistics Quarterly

While trade linkages between countries with geographic proximity canam
impact in eplaining spillover efects (see Glick and Rose, 1998, and Eichengreen,
Rose, andVyplosz, 1996), theare not adequate to account for what happened in
EastAsia. The trade linkages among theef countries in discussion are netry
striking (seeTable 1). Consider thea€t that theihancial marlets in the rgion
came under sere pressure after the collapse of Thai baht on July 2, 1997. It is
difficult to reconcile the trade linkagegament with the transmission ofahange
rate pressure fromhailand to other countries of tAesia-5. The eport share to
Thailand constituted less than 4 percent of totpbes for each of the four coun
tries in discussion, making intracountry trade an ehjilsource of pressure on
financial marlets.

Since théAsia-5 countriesxported a lage portion of their goods to the United
States and Japan, it is tempting to ha&ithat some indirect trade linkage due to
third-marlet competition \as instrumental in repeated rounds of competiti
devaluation.We do notiind much &idence in support of thisgument eitherThe
Asia-5 countries do not sharery similar third-countrygort profles that vould
amount to seere competitieness pressures. Going back to Thai case, \een
after taking into account bilateral trade and competition in third countries, the
importance oflhailand is rather small for the countries concerned.

In addition to &ternal shocks and spillers, therexdsts a strand obg@lana
tion that looks at the magks from the point of vig of global irvestors. Caly
(1996) agues that emging marlets are susceptible to herd mentality by
investors. Since it is too costly foviestors to address the state of each economy
it is optimal for them to pull out of a group of related neasksimultaneously
when thg spot signs of neousness in just one of them. Masson (199§ues
somavhat along the same lines in higp&anation of inestor psychology in a mul
tiple equilibria framevork. Small triggers can be precipitatingcfors for
investors, leading to across-the-board loss ofidente and a higher perced
risk of holding ivestment in a set of countriéss investors follev each other and
pull their mong out, the herd bek&r pushes these countries to the bad equilib
rium of financial distress.
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The subsequent sections of this paper empirically test forxibterece of
possible inestor herd behdor in Asia. We use tw types of testsThe frst veri-
fies if there is a signifant increase in correlations between the precrisis and the
crisis period. Bllowing Forbes and Rigobon (1998), we use a-sample or het
eroscedastid-test for this purpose. If the correlationsvhancreased signif
cantly, then there are grounds for beligg that the markts hae moed avay
from the relationships dictated by traditionalvements of fundamentals. On the
other hand, if the correlations are not simaiftly different, then marts are
simply reacting to shocks that are common-cause or epillgeneratedThe
hypothesis behind this test is that the correlation between the fundamentals has
not increased substantially after the crisis and, therefore, we can assign the
increase in comeaements to shifts in maek sentiments &kcting the entire
region.We also apply a log-l&dihood ratio test for the signtince of groupwise
correlations. In the second test, we check whether after controllingfecoun
try news and other fundamentals, there is still an impact of cross-bondsrame
the marlets.The assumption is thatvm-country nevs and the selectecnables
capture the essential maments in fundamentals, and that the etteamtry
dummy coeficients capture contagionfeéts.

In the recent literature on tAsian crises, an alternadi interpretation for the cen
tagion was adanced, stating that the spread of the crisisvierat\sian countries as
the consequence of a ake-up call” efect. Accordingly, after the collapse of thighai
baht, irvestors started pere@ig other countries diérently, interpreting the same fun
damentals to be a sign of wealeconomies. Since the obsahfundamentals ka
not changed, this paper will not be able to distinguish between the hevibbahd
the wake-up call éiect. Therefore, one could interpret the resulggrding herd beha
ior in the rest of the paper as possibielence in &or of the vake-up call €ect.

Il. Financial Market Correlations (Evidence and Tests)
Currency Market Correlations

We bayin our analysis by estimating correlation ¢wo&nts of the daily change in
nominal &change rate§.he sample period bas from the day of the bahtvddu-
ation, July 2, 1997, andiends up to May 18, 1998fter calculating the werall
correlation in the sample period, weaend our analysis by repeating txereise for
subsamples consisting of three-month wimgloand rolling them till the end date.
This allows us to tak a deeper look at the dynamics of cross-border correlations.
The full sample (se&ble 2) shars positve coeficients for all pairs, with sen
of ten pairs with correlations of 0.25 or highadonesia cross-correlations with the
other countries stand out, with correlation Goents of its daily change inxehange
rates with Korea, Malaysia, Philippines, afidhailand being 0.25, 0.36, 0.26, and
0.28, respectely. The other cases of sizable correlations are Malaysigh the
Philippines andThailand, 0.28 and 0.35 respeetly, and Thailand-Philippines
(0.31). It is interesting to note that despite the mayhem associated witbréan K
won’s davhward plunge between October 1997 and January 1998, the full sample
correlation matrix shas barely an influence of the wn on rgional currencies.
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Table 2. Exchange Rate Correlation
(Full sample and rolling panel with three-month window)

7/1/1997 to 5/18/1998 (full sample) LRest: 37.38**
Indonesia Korea Malaysia Philippines
Korea 0.25 — — —
Malaysia 0.36 0.10 — —
Philippines 0.26 0.14 0.28 —
Thailand 0.28 0.10 0.35 0.31

7/1/1997 to 9/30/1997 LR Test: 5.11 8/1/1997 to 10/31/1997 LR Test: 5.79
IndonesiaKorea Malaysia Philippines IndonesiaKorea Malaysia Philippines

Korea —-0.01 — — — Korea 0.05 — — —
Malaysia 0.28 -0.10 — — Malaysia  0.38 —0.09 — —
Philippines 0.08 0.10 0.27 — Philippines 0.12 0.11 0.08 —
Thailand 0.01 -0.12 0.05 -0.22 Thailand 0.04 -0.06 0.22 -0.01
9/1/1997 to 11/30/1997 LR Test: 11.66 10/1/1997 to 12/31/199TR Test: 18.08*
Korea 0.02 = = = Korea 0.53 = = =
Malaysia 0.60 0.03 — — Malaysia 0.31 0.05 — —
Philippines —-0.01  0.09 0.07 — Philippines 0.30 0.16 0.06 —
Thailand 0.03 -0.10 0.20 0.04 Thailand 0.17 0.14 0.23 0.46
11/1/1997 to 1/31/1998LR Test: 16.81* 12/1/1997 to 2/28/1998LR Test: 25.08**
Korea 0.28 — — — Korea 0.28 — — —
Malaysia  0.12  0.14 — — Malaysia  0.31  0.11 — —
Philippines 0.30 0.20 0.48 — Philippines 0.39  0.23 0.40 —
Thailand 0.19 0.16 0.36 0.62 Thailand 0.39 0.21 0.58 0.75
1/1/1998 to 3/31/1998 LR Test: 26.03** 2/1/1998 to 4/30/1998 LR Test: 26.34**
Korea 0.16 — — — Korea 0.09 = = =
Malaysia 0.35 0.22 — — Malaysia 0.57 0.04 — —
Philippines 0.45 0.23 0.53 — Philippines 0.30 0.02 0.40 —
Thailand 0.49 0.08 0.57 0.63 Thailand 045 -0.06 0.51 0.59

Notes: LR test attempts to reject the null that all pairwise correlations are zero. Oneoand tw
asterisks imply rejection at the 10 percent and 5 perceslf kespectiely.

The problem with using the full sample is that it smoothes out a lot of shorter
duration interactions between the nm&k For instance, eents in korea and
Indonesia had a substantial impact on the etarkor periods of three to four
months during certain phases of the crisasffinse meements are diminished by
the use of the full sampld@he rolling correlations aléate this problem to some
extent (sedable 2) It is instructive to note that the correlation between Indonesia
and Korea is barely diérent from zero in theirkt three months of the crisis.
Subsequentlythe correlation increases substantially fronvé&ber onward, as
both countries came underveee &change rate pressureoiteas correlation
with Thailand nearly doubles from late 1997, and similar increases are seen vis-
a-vis Malaysia during thérét three months of 1998he rolling correlations also
reveal \ery high vlatility in the reion. The correlation coétient between
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Thailand andhe Philippines goes from —0.22 to 0.75 from July—September 1997
to December 1997—February 1998.

The results also veal that the Indonesian and Malaysian currencies were the
most consistently and highly correlated through the sample. Except for isolated
sample windws and with thexxeption of Indonesia, thedfean currencseems
to be roughly uncorrelated with the rest of the currencies. Fimabpite being
the primary source of the shock that triggerediian crises, th&hai baht shas
no sign of appreciable correlation with other currencies, with xception of
Malaysia, until the October—December 1997 wind®he correlations become
noticeably lage in December 1997 and thesf three months of 1998.

Stock Market Correlations

The full sample panel with cross-border correlations for changes in stock indices
reveals a dirly high level of com@ement in the mgion’s equity markts (see
Table3). As with the curreng correlations, the Malaysian and the Indonesian mar
kets hae the highest dgee of correlationThis is perhaps surprisingvgin the
fact that the countries do notp®rt more than 1.5 percent of their totaperts to
each other (se€able 1), and there are signént structural and political dr-
ences between the ewcountries as well as &ifing levels of fnancial sector
development.The two countries also display sizable pogtcorrelations with the
rest of the countries under consideraion.

In the rolling correlations, frotAugust 1997 onard, the Malaysian anthai
stock markts demonstrate strikingly highgtees of correlation, up to 0.70 in the
December 1997-February 1998 wimdd his mimics their close relationship in
the foreign &change mankt during the same period. Similarly highgdees of
correlations are seen in the Malaysia-Philippines caseralyvthe stock magk
correlations (both full sample and rolling panel) argdamwhen compared to the
respectie correlations in the currepanarkets. for instance, the Malaysia-
Thailand equity returns correlations iarious windas are 0.1-0.2 greater than
the curreng market correlation counterparts.

Interest Rate Correlations

We look at the cross-border correlations of interest rates with someatesesy

The wvernight call rates used in thigezcise may not be comparable/egi the
variation in the ey the are set across countries. Besides, interest rates were
widely used as tools of monetary pglio all the countries in discussion; thus, the
rates reflected the policstance rather than matkdetermined kels. During spe

cific periods of seere markt mayhem, interest rates were raisedety Wigh lev-

els for a short period to tackle specwatattacks in Indonesia, Malaysia, and the
Philippines, resulting inxdéreme outliers in the dataAs they were used as men
etary poliy instruments, the interest rates are not necessarily refladtimarlet

3With the eception of relatiely small correlation between Indonesia aratdé (0.09).
4For example, in Indonesiavernight interest rates were raised to 91 percedtugust 20, 1997.
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Table 3. Stock Index Correlation
(Full sample and rolling panel with three-month window)

7/1/1997 to 5/18/1998 (full sample) LRest: 60.53**
Indonesia Korea Malaysia Philippines
Korea 0.09 — — —
Malaysia 0.45 0.26 — —
Philippines 0.44 0.16 0.38 —

Thailand 0.38 0.23 0.39 0.27
7/1/1997 to 9/30/1997 LR Test: 13.37 8/1/1997 to 10/31/1997LR Test: 27.17**
IndonesiaKorea Malaysia Philippines IndonesiaKorea Malaysia Philippines

Korea 0.11 — — — Korea 0.23 — — —
Malaysia 0.37 0.11 — — Malaysia 0.48 0.09 — —
Philippines 0.43  0.06 0.23 — Philippines 0.61 0.15 0.35 —
Thailand 0.38 -0.05 0.19 -0.03 Thailand 0.57 0.19 0.40 0.26
9/1/1997 to 11/30/1997LR Test: 23.85** 10/1/1997 to 12/31/199KR Test: 21.80**

Korea 0.07 — — — Korea 0.05 — — —
Malaysia 0.52 0.24 — — Malaysia 0.46 0.31 — —
Philippines 0.52 0.15 0.27 — Philippines  0.47 0.14 0.35 —
Thailand 0.41 030 0.35 0.28 Thailand 0.26 046 0.33 0.39
11/1/1997 to 1/31/1998LR Test: 27.56** 12/1/1997 to 2/28/1998LR Test: 29.63**

Korea 0.02 — — — Korea 0.11 — — —
Malaysia 051 0.32 — — Malaysia 0.50 0.29 — —
Philippines 0.51  0.18 0.40 — Philippines 0.48 0.23 0.56 —
Thailand 0.47 031 0.55 0.53 Thailand 0.47 023 0.70 0.52
1/1/1998 to 3/31/1998 LR Test: 36.14** 2/1/1998 to 4/30/1998 LR Test: 17.23**

Korea 0.13 — — — Korea 0.20 — — —
Malaysia 0.48 0.26 — — Malaysia 0.09 0.41 — —
Philippines  0.47 0.27 0.60 — Philippines 0.03 0.27 0.46 —
Thailand 0.46 0.17 0.69 0.51 Thailand 0.18 0.26 051 0.36

Notes: LR test attempts to reject the null that all pairwise correlations arelaerasterisks
imply rejection at the 5 percentvid.

forces.As illustrated inTable 9 (p. 180), the interest rate correlatioay widely
from pair to pairwith five of the correlations gative and the otheive positve.
The Indonesia-Krea, Indonesia-Thailand, afthailand-Malaysia interest rate
correlations appear to be consistent with their cuyrand stock mawt relation
ships. Other than these, it is hard to discern much from the results.

Sovereign Spread Correlations

A superior alternatie to domestic interest rates inasticating the mar&t assessment
of country risk is the interest rates on foreign curyedenominated debt that is traded

SFor brevity, we omit the rolling correlations for the interest rates; the results arenyanstructve.
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Table 4. Sovereign Spreads Correlation
(Full sample and rolling panel with three-month window)

7/1/1997 to 5/18/1998 (full sample) LRest: 538.95**
Indonesia Korea Malaysia Philippines

Korea 0.74 — — —
Malaysia 0.91 0.69 — —
Philippines 0.73 0.83 0.59 —
Thailand 0.66 0.82 0.51 0.90

7/1/1997 to 9/30/1997 LR Test: 166.13**
IndonesiaKorea Malaysia Philippines

8/1/1997 to 10/31/1997LR Test: 211.44**

Korea 0.95 — — — Korea 0.95 — — —
Malaysia  0.60  0.60 — — Malaysia  0.13  0.17 — —
Philippines 0.60 0.62 0.52 — Philippines 0.75 0.89 0.30 —
Thailand 092 0.89 058 0.76 Thailand 0.92 093 0.26 0.87

9/1/1997 to 11/30/1997LR Test: 236.46** 10/1/1997 to 12/31/199R Test: 136.56**

Korea 0.92 — — — Korea 0.89 — — —
Malaysia  0.50 0.66 — — Malaysia  0.66  0.76 — —
Philippines 0.87 0.95 0.68 — Philippines 0.60 0.56 0.19 —
Thailand 095 097 0.62 0.94 Thailand 0.64 053 0.18 0.88

11/1/1997 to 1/31/1998LR Test: 78.29**

Korea 0.47 — — —
Malaysia 081 0.71 — —
Philippines 0.29 -0.06 0.15 —
Thailand 0.65 0.16 0.56 0.46

1/1/1998 to 3/31/1998 LR Test: 80.30**

12/1/1997 to 2/28/1998LR Test: 58.86**

Korea 0.09 — — —
Malaysia 0.69 0.14 — —
Philippines 0.53 0.50 0.08 —
Thailand 0.56 0.41 0.25 0.70

2/1/1998 to 4/30/1998 LR Test: 31.80**

IndonesiaKorea Malaysia Philippines

Korea 0.19 — — — Korea 0.16 — — —
Malaysia —0.09 -0.54 — — Malaysia  0.50 0.06 — —
Philippines 0.57 0.69 -0.63 — Philippines 0.16 0.03 -0.42 —
Thailand 0.31 0.88 -0.52 0.78 Thailand 0.42 0.16 0.85 -0.46

Notes: LR test attempts to reject the null that all pairwise correlations areTaer@sterisks
imply rejection at the 5 percentvid.

in offshore markts.We obtain such rates on selected dallemominated debt for the
five countries, and then calculate the spread by subtracting the U.S. treasury bill yield
with the corresponding maturifyhe resulting spreads are proxies foradéfrisk for
the respectie countrie$.Details about the data used to construct the spreadsilre a
able in the wrking paper grsion of this papeBaig and Goldijn (1998).

The cross-correlation matrix of theveoeign spreads presents striking results
(seeTable 4).The cross-country correlations angremely high, ranging from
0.51 (Malaysia-Thailand) to as high as 0.91 (Indonesia-MalaysiayioBsty
obsened high correlations between Indonesia-Malaysia continue to demonstrate
similar results. Een pairs that sho relatively small dgrees of correlation in the

6Although in crisis periods a sigitént liquidity premium can get incorporated into the spreads as well.
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curreny and the stock maeks, such aghailand-Philippines, are mag#d by
remarkably high coétients (0.90 in this caselhis extremely high dgree of cor
relation between the spreads indicates that the globadtors treated thesivéd
countries’financial fragility with a broad strekby demanding high-risk premi
ums for all of them during the crisiShe probability of prate debt defult was
perceved to hae increased dramatically in all of these countries, ancosness
about one mast transmitted readily to other maik.

The rolling correlations real salient aspects of the matkdynamics.
Beginning with theThai crisis, the cross-border correlations amorareld,
Indonesia, and’hailand go up substantially and remain uniformly strong until
early 1998, The most striking illustration of this is the Septembervdober
window, when the cross-correlations betweenréa-Indonesia,Thailand-
Indonesia, and #rea-Thailand are 0.92, 0.95, and 0.97, resgagtiwhile the
Philippines’stock and currerycmarlkets do not she a very high dgree of corre
lation with these three countries, its risk premium appears to bexdiatied to
their fortune. From July to December 1997, the Philippispstads are strongly
correlated with these three countries.

Following the correlations of Malaysia with the rest of the pagkals that,
until early 1998, the were relatrely less correlated with the maitk inThailand
and the Philippines, while remainingifly well correlated with Indonesia and
Korea. Havever, as the spreads for the other countries camendind shwed
some stabilityMalaysias spreadsépt rising and persisted agry high levels. In
the January—March windo Malaysias spreads were gatively correlated with all
the countries in the sample, ranging from —0.09 with Indonesia to —0.63 with the
Philippines.The correlations resered somehat inApril. It must be noted here
though that the mmtive correlations do not necessarily reflect a compalgti
worse fhancial state in Malaysia. During the lastvfeonths of the sample when
it appears as thougrhailand vas recwgering while Malaysia remained stuck in
financial distress, the latter has consistently commandedredydtiwer spreads.

VAR Analysis

TheAsian crises were maekl by periods of magt mayhem when currencies and
stock marlets in the rgion tumbled in vaves, with declining makts pushing
each other in a circular and mutually reinforcing manihés very difficult to iso
late the magnitude of shocks that transmitted from oneahtrkhe otheio dis
cern the patterns of currgnand stock mamd pressure, we takadantage of the
VAR methodologyThe methodology is useful in this coxit@s it recognizes the
endogeneity of all theariables in the system. It also ves avay from our earlier
focus on contemporaneous correlations, andvallior the impact of laggedai
ues of the ariables.To keep the analysis simple, we do not estin&s that
include werlapping markts (i.e., incorporating bothxehange rates and stock

"When compared with the correlations in June 1997, tivedIndonesialhailand-Indonesia, and
Korea-Thailand correlations increase from 0.56, 0.60, and 0.22 to 0.95, 0.92, and 0.8%vebspethie
July—September windgo
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market returns on the right-hand sidelit bather look at the interactions between
the fve countries one magk at a time. & a given countrythe sample starts from
the day that countrg’curreng peg unraveled® and ends on May 18, 1998\Ve
then run aife-variableVAR for the change rates, obtain the estimated impulse
response function for the shocks originating from thvergicountry and then do
the same for the stock matkdataWe choose a lag length of one dagd do not
find improvement in our model by including more laghis ecercise vas repeated
for all five countries, ging us a total of ten impulse responses. By virtue of this,
we male use of the data that span a coustfiyancial turmoil phase, and follo

the impact of one standardwiigtion innovation in its curreng and stock mat

on the rest of the maeks under studylhe issue of ordering thesiables for gen
erating the impulse response functions turned out to be inconsequential; changing
the ordering did not e ary significant impact in the results.

The impulse responses shithat shocks originating froffhailands curreng
market have a signiicant impact on the maeks of Malaysia, Indonesia, and the
PhilippinesA depreciation of the baht led to an immediate depreciation of the cur
rencies in these countrieBhe impact of the shocks tends to disappear after about
four days. In the stock mark Thailands mosements had a sigitant and corre
sponding reaction from all of the countries in discussion. Details on these results
are aailable in the warking paper ersion of this papeBaig and Goldjn (1998).

Of the remaining impulse response functions, Malaysia demonstrates similar
results.All four countries responded to shocks in its curyeand stock mauds
with the right sign and signdfance. Indonesia had the most impact on the etsirk
of Thailand and Malaysia, whereas thadence of its impact on the Philippines
and Korea is wealir. Korea stands out in this@rcise as the country that did not
react to or hee a signiicant impact on the rest of the countri€se Philippines
had only a modest impact on Malaysia dimciland.

The common element in the impulse response functions is thevebfati
stronger reaction by the equity mat& to shocks in agn countrywhen com
pared with corresponding results in the curyemarkets. This is consistent with
our earlier results. Heever, it must be noted thatiielence of strong interactions
between markts is not siicient evidence of contagiorAs seen in the e sec
tion, despite the higher correlations, stock mearttynamics changed relaly
less than the currepenarkets’during theAsian crises.

Tables 5 and 6 summarize the correlations and impulse response results.

lll. Testing for Significant Increase in Correlations
Crisis Countries
While the full sample and rolling correlations help us identify the pattern ef con

tagion, thg do not tell us whether these correlations are sagmifly different

8In the case of Krea, we chose the day thembeyan its devnward fall.
9The sample start dates fdhailand, Malaysia, the Philippines, Indonesia, awodeld were July 2,
July 14, July 11August 14, and Neember 6, respestely. All sample end dates are May 18, 1998.
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Table 5. Correlations Summary

Exchange Rates Stock Marlets Interest Rates Sovereign Spreads

From October onard, The Malaysian With the exception From July to December

correlations between and the Indonesian of the Philippines, 1997, the Philippines’

Indonesia and 8rea  stock markts hae all the countries  spreads are strongly

increase substantially the highest dgree  had positie correlated withThailand,
of correlation correlations. Korea, and Indonesia.
among all the pairs.

Rolling correlations In general,

reveal high wlatility. correlations are
greater than the

Indonesia and curreny marlets’.

Malaysia are

consistently correlated.

In general, the Brean
won is uncorrelated with
the rest of the countries
(exception: Indonesia).

Table 6. Impulse Response Summary
(Response to one standard deviation innovation)

Exchange Rates
Thailand Malaysia  Philippines Korea Indonesia

Shocks originating from:

Thailand — 1 + +
Malaysia + — + +
Philippines + +

Korea —

Indonesia + 1 —

Thailand — + + + +
Malaysia + — + +
Philippines + + — +
Korea + —

Indonesia + + + —

Note: Only signiicant results are reported; we omit the country responsesgnaioocks.

from marlet behaior in tranquil timesTo address this issue, we apply th@tw
sample or heteroscedastitest. for the curreng equity price inde, and interest
rates, we défe the crisis period as the one analyzedrapwhich is July 2, 1997
to May 18, 1998. &1 the tranquil phase, we obtain the corresponding data from
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Table 7. Exchange Rates

Crisis Period (7/1/97-5/18/98) LR Test: 37.38**
Indonesia Korea Malaysia Philippines

Korea 0.25%*** — — —
Malaysia 0.36*** 0.10%** — —
Philippines 0.26*** 0.04*** 0.28*** —
Thailand 0.28*** 0.10%*** 0.35*** 0.31x**

Tranquil Period (1/1/95-12/31/96) LR Test: 2.84
Korea —-0.03 — — —
Malaysia 0.008 0.05 — —
Philippines 0.025 —-0.03 —-0.04 —
Thailand 0.03 —0.003 0.09 —-0.05

Notes: LR test attempts to reject the null that all pairwise correlations ardwerand three
asterisks imply rejection at the 5 percent and 1 perceetl, leespectiely, of the null lypothesis
that the crisis period is not sigicintly different from the tranquil period correlation.

January 1, 1995 to December 31, 1996/e run the same cross-correlations, and
then test for a signdant increase in correlations during the crisis peridte
results are presentedTables 7—10The crisis period correlations that are greater
than the corresponding tranquil period correlation within a 1 peroesitdésig
nificance are highlighted. Owing to data limitations, we restrict the crisis sample
for sovereign spreads frovpril 11, 1997 to June 30, 199While this is a con
siderably shorter period than the other cases, wevbdlmat it ngertheless cap
tures the mart dynamics prior to the crisis.

The tranquil period correlations for thechange rates invery single pair are
barely diferent from zeroThis obseration must, havever, be seen in the conte
of the practice of managedahange rates prior to the crises in all the countries in
discussion. In light of theatt that most of the currencies viad \ery little during
the tranquil period, it is hardly surprising that the correlations in the crisis period
are signifcantly greater thanvery single pairwise correlation in the tranquil
period (sedable 7).

The stock mardt tests, hwever, paint a diferent picture. In six out of the ten
pairs, the stock maek correlations are posigé and lage.Among the striking cor
relations, Indonesia-Malaysia, Indonesia-Thailand, and Malaysia-Thailand are most
notable, with codicients of 0.37, 0.32, and 0.41, respedii. Despite historically
high levels of correlation, werid evidence that in the cases of Indonesia-Malaysia
and Indonesia-Thailand, the correlations were dianitly higher in the crisis
period (sedable 8).The Philippines shwed lage correlations with all the countries
(except Korea) during both the tranquil and crisis periods, and none of these results

10To get a comparate idea about the bebiar of the \ariables during the crisis and tranquil phase,
see Baig and Goldfn (1998).
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Table 8. Stock Market Returns

Crisis Period (7/1/97-5/18/98) LR Test: 60.53**
Indonesia Korea Malaysia Philippines

Korea 0.09*** — — —
Malaysia 0.45%** 0.26*** — —
Philippines 0.44 0.16%** 0.38 —
Thailand 0.38*** 0.23*** 0.39 0.27

Tranquil Period (1/1/95-12/31/96) LR Test: 111.46**
Korea —-0.03 — — —
Malaysia 0.37 0.06 — —
Philippines 0.46 0.02 0.41 —
Thailand 0.32 0.005 0.41 0.30

Notes: LR test attempts to reject the null that all pairwise correlations ardwerand three
asterisks imply rejection at the 5 percent and 1 perceet, leespectiely, of the null lypothesis
that the crisis period is not sigiaiintly different from the tranquil period correlation.

Table 9. Interest Rates

Crisis Period (7/1/97-5/18/98) LR Test: 64.60**
Indonesia Korea Malaysia Philippines

Korea 0.41%* — — —
Malaysia 0.07*** 0.43*** — —
Philippines -0.17 -0.32 -0.06 —
Thailand 0.37*** 0.42%* 0.27%** -0.25

Tranquil Period (1/1/95-12/31/96) LR Test: 54.95**
Korea -0.14 — — —
Malaysia -0.14 -0.10 — —
Philippines 0.05 -0.12 0.06 —
Thailand —-0.07 0.370 -0.22 0.13

Notes: LR test attempts to reject the null that all pairwise correlations ardwerand three
asterisks imply rejection at the 5 percent and 1 perceet, leespectiely, of the null lypothesis
that the crisis period is not sigiaiintly different from the tranquil period correlation.

increase signitantly in the latter period. @vall, the gidence for contagion in the
stock markts is mixed at best, as the analysis of the tranquil period demonstrated
that there \&s substantial historical conement in may of the markts.

In the case of the interest rates, with tkeeption of Korea-Thailand (0.37),
there are no cases of noticeable correlations in the tranquil phaJal{g=8). In
six out of ten cases, cross-border correlations are isigmily greater in the crisis
period.
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Table 10. Sovereign Spreads

Crisis Period (7/1/97-5/19/98) LR Test: 538.37**
Indonesia Korea Malaysia Philippines

Korea 0.74%* — — —
Malaysia 0.91%** 0.69*** — —
Philippines 0.73*** 0.83*** 0.59%*+* =
Thailand 0.66*** 0.82%** 0.51%** 0.90***

Tranquil Period (4/11/97-6/30/97) LR Test: 24.37**
Korea 0.12 — — —
Malaysia 0.47 -0.28 — —
Philippines -0.11 -0.32 0.27 —
Thailand 0.18 -0.21 0.48 —-0.08

Notes: LR test attempts to reject the null that all pairwise correlations ardwerand three
asterisks imply rejection at the 5 percent and 1 perceet, leespectiely, of the null lypothesis
that the crisis period is not sigiciiintly different from the tranquil period correlation.

The tranquil period correlation matrix for theveceign spreads, despite being
limited by the sample size, is instrugti(se€lable 10) While Indonesia-Malaysia
(0.47) andThailand-Malaysia (0.48) are the onlyawountries with lage corre
lations in the tranquil phase, all of the pairwise correlations increasedcsigtiif
and substantially in the crisis pha$aus, the choice of diding the samples from
the day of the baht deluation is deemed sensible, as it captures the breaking
point in marlet behaior in all the diferent \ariables studied in this section.

In sum, the analysis of th&sia-5 demonstrates that therasva clear case
of increased correlations in the currgroarkets. This result comes with the
caveat that the currenciesiovements were minimal prior to the crises due to
the «istence of pgs. The eridence is not &ry clear in the case of the equity
markets and the domestic call ratd$ie spreads on dollalenominated debt,
representing deiult risk, display the most striking gieee of correlations and
evidence of contagion.

Control Group

In addition to looking atvddence of changes in correlation within the crisis group,

we also use a control group divé European countries (United Kingdom,
Germalry, France, Spain, and Italylhe goal vas to see whether the data of the
Asia-5 during the crisis periockeibited signifcantly different beheior than data
originating from noncrisis countries during the same peiidgel.concentrate on
sovereign spread correlations since these are the strongest results found for the
Asia-5 caseThe equity and domestic interest rate correlation® hess clear
results and the currepenarlets hae the problem that in tranquil times currencies
were pgged in theAsia-5.
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Table 11. Sovereign Spreads (Control Group)

Crisis Period (7/1/97-5/29/98) LR Test: 774.57**
England France Germary Italy
England — — — —
France 0.13 — — —
Germary 0.49 0.91 — —
Italy 0.90%** 0.18 0.54%** —
Spain 0.90*** 0.33*** 0.66*** 0.95
Tranquil Period (7/1/97-5/29/98) LR Test: 260.06**
England — — — —
France 0.43 — — —
Germary 0.51 0.94 — —
Italy 0.60 0.05 0.08 —
Spain 0.62 0.07 0.21 0.88

Notes: LR test attempts to reject the null that all pairwise correlations ardwerand three
asterisks imply rejection at the 5 percent and 1 perceetk, leespectiely, of the null lypothesis
that the crisis period is not sigicéntly different from the tranquil period correlatiddetails about
the swereign spreads data used for the control group\eiéable from the authors.

The use of seereign spreads for Europeanvdped countries requires
explanation. First, we calculated the spreads for the European countries using the
same methodology as for tAsia-5 (by taking the digérence between yields on
sovereign debt and U.S. treasury bill yields of comparable maturity and coupon)
to male the comparison uniform. Second, controlling fovements in U.S. inter
est rates alles us to look at the rela8 risk of holding such bondgVhile the
spreads used here include a curyergk portion, within the conk of the ERM
curreng, risk may not be sigridant during this period. In gncase, as sk
belaw, correlations did not change sigoéntly after theAsian crisis.

The swereign spreads correlations for the control group do nat slcooss-
the-board increases in correlation between thimeltfcrisis and tranquil period
(seeTable 11). Only ive pairwise correlations are sigondntly highey and of
these just tw pairs demonstrate jumps in correlations comparable tadiae5
case. Since we washarp and sigrifant increases in almost all pairwise correla
tions in theAsia-5 case, the sereign debt maet continued to prade us with
the strongestvédence of contagion in the crisis countries.

The results for the equity magts for the control group are less clé&far
They shaw that the equity maek correlations rose between 1995-96 (tranquil
period for theAsia-5) and 1997-98 (Asian crisishhis is in contrast to the
Asia-5 equity markt results, where thevielence of increase in correlations is
mixed at besfThus, we cannot assert that equity nedik theAsia-5 displayed
significantly different behaior during the crisis period.

11The correlation results for the equity metk are @ailable from the authors upon request.
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IV. Incorporating Dummy Variables

Dummy Variables

One can deéfie contagion as cormements in ihancial \ariables in rcess of
those that can bexplained by comeements of fundamentals. Under thisidief
tion, to identify contagion, it is essential to distinguish between fundamentals-
and non-fundamentals-gegn comeements. Empiricallyif after controlling for
fundamentals onerfds signifcant com@ement among the maets of two coun
tries, then the remaining ux@ained correlation may be attuted to contagion
(for example, panic or westor sentiment shift).

Significant empirical dificulties ist when implementing this methodol
ogy of identifying contagion. ®en that most fundamentals are measured
infrequently at least in comparison with the frequegraf financial data ail-
able, one has to be sure that comprelhenand reliable data arealable that
represent meements in fundamentals. In general, and inAtbia-5 case in par
ticular, there are no high-frequeneariables (e.g., daily data) that can approx
imate fundamentals in each counthy the absence of such data, one approach
is to create a set of dailyakiables constructed fromwe reported by the press
that could proxy for meements in fundamental3his approach follws
Ganapolsl and Schmukler (1998) and Kamins&nd Schmukler (1998), who
attempt to estimate the impact adrious nas evzents on maré&t mosements.
These articles map daily ws of a country into a set of dummyniables to
guantify the impact of policannouncements and othemrseon fnancial mar
kets.We followed this literature and createddweries of dummyariables—
good and bad mes—for each country

The mapping of fundamentals towseand then to a couple of dummariv
ables iwolves an ineitable dgree of subjectity. However, to ensure a rigorous
and replicable procedure, we pite belav a set of guidelines that we foled.
The dummy wariables were created by foling a strict fitering process.

1. We began by collecting dailyifancial nevs for each of théAsia-5 countries.
Our sources were the Reuters daily wire and the Blogniggtate The goal
was to separate ws that truly represented fundamentals fromvsithat vas
mostly noise, or an attempt of theansewriter to somehws explain the moe-
ment in the mardt in the absence of wmajor eents We brole davn the rav
news for each country

2. For each countrthe nevs was separated into unambiguous “good” and “bad”
news catgories. Distinction between good and bad/si@as made by using
simple guidelines—credible attempts to restructure the economy were deemed
good, whereas gmaews that represented further deterioration of tharfcial
or real sector as designated as bad.this point, we had ten lists ofwegood
and bad nes for the ifve countries under study ready to beefed. The fl-
tering was done by the foll@ing criteria.

3. For good nevs we ignored the gen eplanations of wi the marlet did bet
ter and instead focused orwsethat met ay of the follaving criteria:

« successful formation of bailout arrangements;

e announcement of a rescue package by internatiogahizations;
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» betterthan-epected economic mes (GDP gravth better inflation lower,

etc.,); or

» specifc measures to stabilize the metk

4. For bad naevs we used n&s that met ay of the folloving criteria:
 collapse of the curregaegime or of long-standingrfancial arrangements;
e breakdevn in neyotiation with multilateral agencies;
 large-scale bankrupycor firm closure;
 credit rating dangrade;

e worse than wpected announcements about dekpasure, inflation,

growth, confusing polig moves;

* threats or announcement of capital controls imposition;

* resignation orifing of high-profle officials; or

e civil unrest.

5. Using the good and badwe series for each countrwe constructed tov
series of dummy ariables. On the dates that therasvwgood (bad) mes we
placed a number one on the good (badysndummy series. Otherwise, we
placed a zero on that date.

6. We avoided typical biases in the presentation oveidy the agenciesVe
ignored typical markt commentary statementsdiKthere vas widespread
pessimism among the traders toddye also soided focusing on the actual
movement in theihancial marlts for a gien dayWe simply included nes
that fell into ay of the abwe catgories instead ofriding good ne/s on days
the marlets went den and vice ersa.

7. News that came out at the end ofusiness day as dated the folleing day

8. The nevs was checkd across the ddrent sources toerify date and content.
It is important to realize that although some of these pieces wk"neere in

some dgree gpected by the maet and, therefore, alreadgdtored in theihan

cial variable prices, therewaalys remains some uncertainty that is realized the day
the announcementfettively occurs. Br example, days when bailout packages
are announced or central bank statements are released are weallikrazhance,

but the markt nevertheless reacts to themyealing that there as some dgee

of uncertainty about whether these announcements were ta Béuherefore
included “nevs” that was partially anticipatedThe entire chronology of the
selected n&s is aailable in Baig and Goldjn (1998).

The &ercise that follars first regresses tharfancial ariables of the countries
on their eavn nevs and other selected fundamentals araduates the correlation
of the residualsThe idea is thatwen news is a proxy for changes in fundamentals,
whereas a change in the fortune of another country is a potential source of conta
gion. Second, we geess for each country itin&ncial \ariable aginst all ten
dummies (tw for each of theive countries) on the right-hand side aleate the
impact of cross-border nes.

Impact of Own News and Other Fundamentals

In this subsection, we present the results of the impaetretountry nevs and other
fundamentals on thénfincial markts. In addition to thewan-country dummiesye
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add two more \ariables on the right-hand side: the daily stock markturn in
the S&P 500 and the yen-dollaxabhange rateThese tw variables are included
as additional proxies of fundamentalfie yen-dollar rate also accounts for the
monsoonal déct.

Table 12 presents the results of thelmnge rate gFessionsThe results are
strong across the board. Own-country bagsnbad strong denward impact on
the exchange rates in all the countries in discussion. Perhaps more interestingly
with the eception of kKorea and the Philippines, the other three countries’
exchange rates reacteavbrably and signi€antly to good ne&s esents.The
exchange rate reaction togegive navs was 1.7 percent for Malaysia and 2 -per
cent forThailand. Indonesia’ exchange rate, maekl by etraordinary wlatility
even by the standards of thegienal mayhem, reacted with greater magnitude in
both directionsThe bad ne's dummy codicient is 0.044, while the good we
coeficient estimate is —0.05Fhe U.S. stock mast had advorable impact on
the currencies ofhailand and Malaysid he estimates of the impact of the yen-
dollar exchange rate are quite strong. Except for Indonesia, each of the four other
countries’exchange ratesated pressure wherer the yen depreciate@his is
hardly surprising, gien their lage trade shares with Jap&nl percentage point
depreciation of the yen brought a 0.35-0.82 percent depreciation of the currencies.

The residuals from thesegressions, hang controlled for fundamentals, rep
resent another measure of contagionldhle 13 we present the residual corela
tions. The results appear to v&a diminished sonwhat from the original
correlations obserd in Table 2. Havever, the LR test reeals statistically
significant groupwise correlation of the residualswus, despite controlling for
fundamentals, the correlations between the currencies remain substantiat and sig
nificant. Contagion écts persist well abh@ and bgond the identied funda
mentals.The &idence also pnes that theifiancial markts correlations are not
principally driven by some big mes esents.

The reression results with the stock prices are also strongTgdde 14).
Except for the Philippines, all the other stock negslreact signitantly, with the
right sign, to bad and goodws events. InThailand, Korea, and Indonesia, reac
tions to bad nes were of a greater magnitude than those to goad.idl five
stock marlts in the sample were strongly correlated the U.S. stockemahe
yen-dollar rate, on the other handaswsignifcant only for Korea.The ngative
coeficient associated with the yen implies that a percentage depreciation of the
Japanese curreypded to a 0.6 percent decline in ther&an stock magk. This
result is reinforced by the yenpersistent decline during the entirety of Alsean
crises, which put inordinate pressure on tloee&n &ports industryAfter con
trolling for these wriables, the residual correlations (Seble 15) remain refa
tively high and statistically signdant. Once aain, avn-country nes and
selected fundamentals do not account adequately for the correlationsedbserv
among the rgional stock mardts.

We etend our analysis to domestic interest rates amdremn spreads (see
Tables 16 to 19). In thesegressions, the mes dummies do not veal aly con
sistent patterns/ery fav of the rgressors are sigmifint, and thg often hae
counterintuitve signs.The regyressionsdil to explain much of the meéements in

185



Taimur Baig and llan Goldfajn

Table 12. Regression Results with Own-Country Dummy
and Other Fundamentals

(Dependent variable: change in nominal exchange rate)

Thailand Malaysia Korea Indonesia Philippines
Constant 0.001 0.002 0.001 0.004 0.002
(0.40) (2.08) (0.23) (0.83) (1.17)
Bad nevs 0.020 0.017 0.021 0.044 0.043
(4.13)** (3.75)** (2.57)** (3.71)** (3.34)**
Good n&vs -0.022 -0.016 0.001 —-0.059 -0.014
(3.37)** (2.40)** (0.04) (4.28)** (1.05)
U.S. stock inde -0.248 -0.226 -0.238 -0.494 -0.012
(2.16)** (1.88)* (1.35) (1.50) (0.11)
Yen/dollar rate 0.375 0.828 0.583 0.657 0.35
(2.13)** (4.56)** (2.26)** (1.29) (1.95)**
AdjustedR? 0.17 0.21 0.06 0.17 0.07
Number of obsemtions 180 163 162 183 183

Notes:Absolute alues oft-statistics in parentheses. One and asterisks imply signdance at
the 10 and 5 percent/g, respectiely. Except for the dummies, aksiables are in logrkt differences.

Table 13. Residuals Correlation
(from regressions in Table 12)

Sample: 7/2/97-5/18/98 LR Test: 16.08*
Indonesia Korea Malaysia Philippines
Korea 0.21 — — —
Malaysia 0.21 0.11 — —
Philippines 0.18 0.14 0.20 —
Thailand 0.16 0.12 0.21 0.23

Notes: LR test attempts to reject the null that all pairwise correlations are zero. One asterisk
implies rejection at the 10 percentéé

interest rates or spread$ie residual correlations are virtually identical to the ra
correlations.The results for the interest rates can be reconciled with our earlier
argument that the interest rates used in thexyase are not reflest of marlet
forces.Therefore, we do notpect them to react lékother marét variables, such

as the rchange rate or stock matkindex. The lack of a consistent result on the
sovereign spreads, on the other hand, seems to indicate that the defitisnack
driven by fundamental§.his agument is supported by thact that the n& cor
relations between the spreads, obsdrin the preious sections, wereevy high.

This high dgree of correlation indicates that these@ign debt mast is more
prone to be dven by contagiondctors along the lines of Masson (199B)e
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Table 14. Regression Results with Own-Country Dummy
and Other Fundamentals

(Dependent variable: change in stock market index)

Thailand Malaysia Korea Indonesia Philippines
Constant —-0.001 -0.004 —-0.003 —-0.0004 -0.003
(0.47) (1.81)* (1.13) (1.60) (1.45)
Bad nevs —-0.025 —-0.023 —-0.026 -0.013 -0.018
(3.36)** (3.51)** (3.02)** (2.90)* (1.01)
Good nevs 0.021 0.053 0.018 0.014 0.013
(2.21)** (5.34)** (2.23)** (1.81)* (0.73)
U.S. stock inde 0.493 0.629 0.456 0.725 0.58
(2.86)** (3.62)** (2.37)** (3.87)** (3.50)**
Yen/dollar rate -0.208 -0.319 -0.67 -0.163 0.04
(0.79) (1.23) (2.36)** (0.56) (0.14)
AdjustedR? 0.11 0.26 0.14 0.11 0.06
Number of obsemations 170 170 172 174 179

Notes:Absolute alues oft-statistics are in parentheses. One amul dgterisks imply signi

cance at the 10 percent and 5 percergl|gespectiely. Except for the dummies, aléxiables are
in log first differences.

Table 15. Residuals Correlation

(from regressions in Table 14)

Sample: 7/2/97-5/18/98 LR Test: 34.97**
Indonesia Korea Malaysia Philippines
Korea 0.15 — — —
Malaysia 0.33 0.21 — —
Philippines 0.40 0.16 0.27 —
Thailand 0.35 0.17 0.30 0.15

Notes: LR test attempts to reject the null that all pairwise correlations ardwerasterisks
imply rejection at the 5 percentvid.

comovements of the spreads are well @barything that can be accounted
through changing fundamentals and are possibly dueéstor herd behéor.

Impact of Cross-Border News

Tables 20 through 23 present the results gfagsions with the complete set of
newvs dummies on the right-hand sidéese rgressions were done to quantify the
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Table 16. Regression Results with Own-Country Dummy
and Other Fundamentals

(Dependent variable: interest rates)

Thailand Malaysia Korea Indonesia Philippines
Constant 17.91 8.77 17.33 33.26 17.07
(73.42)**  (33.91)** (40.01)*  (23.43)** (19.98)
Bad nevs -1.18 —0.078 2.55 0.774 5.13
(1.37) (0.10) (1.52) (0.20) (0.63)
Good n&vs —2.46 -0.218 4.91 7.24 3.05
(2.13)*= (0.17) (3.36)* (1.57)* (0.37)
U.S. stock inde 24.25 13.87 —2.05 14.19 122.17
(1.21) (0.65) (0.05) (0.12) (1.63)
Yen/dollar rate -8.21 27.28 -21.85 119.68 59.06
(0.26) (0.85) (0.412) (0.71) (0.52)
AdjustedR? 0.04 0.01 0.05 0.01 0.02
Number of obseations 172 177 179 180 182

Notes:Absolute \alues oft-statistics in parentheses. One and &sterisks imply sigrifance at
10 and 5 percentVels, respectely. Except for the dummies, athriables are in logrst differences.

Table 17. Residuals Correlation
(from regressions in Table 16)

Sample: 7/2/97-5/18/98 LR Test: 48.42**
Indonesia Korea Malaysia Philippines
Korea 0.37 — — —
Malaysia 0.02 0.36 = =
Philippines -0.17 -0.29 -0.02 —
Thailand 0.38 0.41 0.26 -0.27

Notes: LR test attempts to reject the null that all pairwise correlations arewerasterisks
imply rejection at the 5 percentvid.

impact of cross-border ms on the margts. In addition to the mes dummies of
the Asia-5, we also include good we and bad nes dummies of Japar.his
inclusion is interesting gen the strong trade linkage araincial ties that Japan
has with the countries in discussiéwalditionally, during the sample period adar
number of n&/s events took place in Japan that hadreaching implications for
the regional marlets. The U.S. stock mast males up the last independerari
able in this gercise.

The rgressions yield interesting results. In additionwmecountry dummies
being signifcant, the bad mes dummy from Indonesia is sigi@ént in the cur
reng/ market regressions of hailand, Malaysia, Philippines, anai€a with the
expected signsThe evidence regeals that een after controlling for fundamentals,
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Table 18. Regression Results with Own-Country Dummy
and Other Fundamentals

(Dependent variable: sovereign spreads, in basis points)

Thailand Malaysia Korea Indonesia Philippines
Constant 265.41 114.62 235.67 349.15 311.56
(28.37)**  (15.72)**  (22.82) (18.35) (58.09)**
Bad nevs -14.69 -12.37 116.93 93.01 -15.74
(0.44) (0.53) (3.01)* (2.71)* (0.31)
Good n&vs —47.07 28.02 122.71 254.43 —45.76
(1.08) (0.79) (3.56)** (4.02)** (0.89)
U.S. stock inde -171.48 278.82  -850.83 37.27 —41.68
(0.22) (0.47) (2.01) (0.02) (0.09)
Yen/dollar rate -1183.05 -356.17 —-209.29 -1483.74 322.48
(1.01) (0.39) (0.16) (0.65) (0.46)
AdjustedR? 0.01 0.01 0.08 0.07 0.02
Number of obsemtions 188 184 188 188 188

Notes:Absolute alues oft-statistics are in parentheses. One arul dgterisksmply signifi-
cance at the 10 and 5 percenele respectiely. Except for the dummies, albxiables are in log
first differences.

Table 19. Residuals Correlation
(from regressions in Table 18)

Sample: 7/2/97-5/18/98 LR Test: 415.56**
Indonesia Korea Malaysia Philippines
Korea 0.75 — — —
Malaysia 0.87 0.67 — —
Philippines 0.69 0.82 0.58 —
Thailand 0.62 0.80 0.49 0.90

Notes: LR test attempts to reject the null that all pairwise correlations arewerasterisks
imply rejection at the 5 percentvia.

these markts were signitantly afected by bad nes coming out of Indonesia.
Thailand and Malaysia also reacteavdrably to good n@s coming out of
Indonesia. Furthermore, goodwsefromThailand led todvorable markt reaction
in Indonesia, and goodws from Malaysia helped thEhai baht. In the case of the
Philippines, good nes fromThailand and bad me from Malaysia had a signif
cant impact. Finallyboth the good and badwe dummies for Japan were signif
cant in the Krea rgressionThe result reinforces our earliéndings, and prades
evidence of the immediate impact of Japanesesran the Krean markt.

The results from the stock maitk are slightly weadt Malaysia and Indonesia
reacted signi€antly to each othes’ navs, whereas good ws originating from
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Table 20. Regression Results Using Across-the-Board Dummy Variables
(Dependent variable: change in exchange rate)

Thailand Korea Philippines Malaysia Indonesia

Constant 0.001  —-0.002 0.002 0.003 0.005

(0.57) (0.85) (1.02) (1.34) (0.94)

Thailand  Bad nevs 0.022 0.004  -0.003 0.011  -0.013
(4.58)*  (0.58) (0.64) @75 (0.91)

Good ns  -0.017  -0.009  -0.016 -0.009  -0.031

(.67  (0.87) (243  (1.13) (1.64)*

Korea Bad nevs —0.005 0.041 0.001 —0.008 —0.006
(0.90) (4.87)** (0.25) (1.42) (0.43)
Good n&vs —0.006 —-0.004 -0.007 -0.003 —-0.009

(1.22) (0.61) (1.65)* (0.50) (0.68)

Philippines Bad nevs 0.028 0.003 0.041 —-0.004 -0.017
(2.27)** (0.01) (3.32)** (0.20) (0.47)
Good n&vs —0.009 —-0.041 —0.004 —0.005 —0.069
(0.67) (1.42) (0.28) (0.20) (1.82)*
Malaysia  Bad nevs —-0.001 —-0.007 0.011 0.015 0.017
(0.24) (0.95) (2.16)** (2.98)** (2.27)
Good nevs —0.008 0.011 0.0002 -0.017 -0.012
(2.34)*= (1.02) (0.34) (2.33)** (0.65)
Indonesia Bad nevs 0.008 0.012 0.008 0.006 0.042
(2.35)* (217  (2.16)* (4.10)**  (4.10)**
Good n&vs —-0.012 —0.003 —-0.007 —-0.010 —0.046
(2.54)* (0.47) (1.52) (1.60) (3.45)**
Japan Bad nevs 0.001 0.015 —0.003 —0.001 0.006
(0.15) (2.66)** (0.75) (0.19) (0.59)
Good n&vs —0.002 -0.021 -0.001 —0.002 0.014
(0.28) (2.55)** (0.08) (0.26) (0.78)
Change in U.S. stock inde -0.231 —-0.285 0.023 —0.244 -0.62
(2.13)*  (1.67)* (0.21) (1.90)* (1.98)**
AdjustedR? 0.21 0.17 0.13 0.12 0.17
Number of obsemtions 202 181 207 185 207

Notes:Absolute \alues oft-statistics are in parentheses. One arwldsterisks denote sighif
cance at the 10 and 5 percenele respectiely. Except for the dummies, albxiables are in log
first differences.
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Table 21. Regression Results Using Across-the-Board Dummy Variables

(Dependent variable: change in stock market index)

Constant

Thailand Bad nevs

Good nevs

Korea Bad nevs

Good nevs

Philippines Bad nevs

Good n&vs

Malaysia  Bad nevs

Good n&vs

Indonesia Bad nevs

Good n&vs

Japan Bad nevs

Good nevs

Change in U.S. stock inge

AdjustedR?
Number of obsemtions

Thailand

0.002
(0.08)

-0.025
(3.21)*
0.023
(2.36)*

-0.009

(1.18)
0.001

(0.19)

0.014
(0.74)
-0.022
(1.14)

-0.006

(0.87)
0.006

(0.59)

-0.001

(0.60)
0.004

(0.53)

-0.002

(0.33)
0.001

(0.07)

0.524
(3.17)*

0.10

187

Korea

~0.003
(0.91)

~0.008
(0.85)
~0.006
(0.48)

-0.025
(2.68)*
0.025
(2.93)*

0.054
(2.49)*
0.008

(0.23)

0.005
(0.01)
-0.014
(1.23)

~0.006

(0.86)
0.004

(0.47)

~0.001
(0.08)
~0.006
(0.62)

0.546
(2.72)*

0.10
190

Philippines

-0.001
(0.40)

~0.008

(1.10)
0.022

(2.28)*

0.006
(0.90)
-0.003
(0.42)

-0.019
(1.07)
-0.002
(0.12)

-0.017
(2.73)*
0.010

(1.13)

~0.002
(0.34)
-0.002
(0.31)

-0.003

(0.63)
0.004

(0.47)

0.643
(4.16)*

0.11
201

Malaysia

-0.004
(1.43)

-0.001
(0.19)
-0.001
(0.09)

-0.011

(1.35)
0.002

(0.28)

-0.014

(0.73)
0.023

(0.76)

-0.019
(2.71)*
0.051
(5.35)*

-0.010
(1.86)*
0.014
(1.87)*

-0.001

(0.09)
0.007

(0.79)

0.596
(3.54)*

0.24
192

Indonesia

-0.005
(1.78)*

-0.005

(0.63)
0.004

(0.31)

~0.001

(0.15)
0.006

(0.85)

-0.024
(1.21)
-0.031
(0.94)

-0.005

(0.73)
0.029

(2.78)*

-0.021
(3.33)*
0.012

(1.53)

0.005

(0.82)
0.019

(2.06)*

0.591
(3.27)*

0.16
196

Notes:Absolute \alues oft-statistics are in parentheses. One armdsterisks denote signif
cance at the 10 and 5 percemvele respectiely. Except for the dummies, alaxiables are in log

first differences.
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Table 22. Regression Results Using Across-the-Board Dummy Variables

(Dependent variable: interest rates)
Thailand Korea Philippines Malaysia Indonesia

Constant 17.25 16.950  18.82 8.32 33.72
(60.40)*  (32.81)* (16.99)*  (29.93)*  (20.47)**

Thailand Bad nevs -1.340 -2.33 -2.94 -1.28 —4.48

(1.58) (2.51) (0.91) (1.59) (0.94)

Good n&vs -2.18 -2.11 4.89 -1.32 4.31

(1.96)** (1.03) (1.13) (1.12) (0.66)

Korea Bad nevs 0.47 2.83 -2.25 0.87 -4.35

(0.53) (2.73)* (0.67) (1.03) (0.87)

Good n&vs 1.58 4.73 -5.04 1.41 1.55

(1.99)** (3.35)** (1.58) (0.83%) (0.35)

Philippines Bad nevs 1.28 -1.49 5.27 9.61 -11.99

(0.62) (0.22) (0.64) (4.74)** (1.01)

Good n&vs 0.606 0.75 0.66 1.57 5.41

(0.22) (0.12) (0.07) (0.48) (0.28)

Malaysia  Bad nevs 1.81 -0.16 -2.04 0.14 3.14

(2.32)** (0.11) (0.67) (0.19) (0.71)

Good n&vs 2.34 0.69 -5.64 -0.14 2.82

(2.12)** (0.36) (1.34) (0.13) (0.43)

Indonesia Bad nevs 1.08 2.22 -3.14 1.21 2.37

(2.72)* (2.01)** (1.32) (2.04)** (0.68)

Good n&vs 1.27 5.21 -1.56 1.46 6.31

(1.64)* (3.62)** (0.51) (1.89)* (1.38)

Japan Bad nevs -0.07 -0.24 0.88 -0.51 —2.97

(0.11) (0.21) (0.37) (0.85) (0.85)

Good n&vs 1.06 0.07 -4.72 -0.16 5.09

(2.07) (0.04) (1.24) (0.17) (0.91)

Change in U.S. stock inde 11.68 1.03 125.69 19.58 25.38

(0.63) (0.03) (1.72)* (1.08) (0.23)

AdjustedR? 0.11 0.11 0.12 0.09 0.10
Number of obsemtions 214 214 214 210 214

Notes:Absolute \alues oft-statistics are in parentheses. One armdsterisks denote signif
cance at the 10 and 5 percemnvele respectiely. Except for the dummies, alaxiables are in log
first differences.
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Table 23. Regression Results Using Across-the-Board Dummy Variables

Thailand

Korea

Philippines

Malaysia

Indonesia

Japan

FINANCIAL MARKET CONTAGION IN THE ASIAN CRISIS

(Dependent variable: sovereign spreads)

Constant

Bad nevs

Good n&vs

Bad nevs

Good n&vs

Bad nevs

Good n&vs

Bad nevs

Good n&vs

Bad nevs

Good n&vs

Bad nevs

Good n&vs

Thailand

246.62
(23.25)**

—32.580
(1.01)

-61.29
(1.44)

98.76
(2.99)**

107.22
(3.62)*

—26.73
(0.33)

-91.830
(1.08)

-45.58
(1.53)
0.980
(0.02)

4254
(1.82)*
82.22

(2.71)*

7.15
(0.30)
10.75
(0.29)

Change in U.S. stock inde—120.75

AdjustedR?

Number of obsemtions

(0.17)

0.11
214

Korea

240.510
(18.76)*

-46.91
(1.28)

-89.78
(1.75)*

142.23
(3.56)*

110.83
(3.10)*

32.03
(0.33)
-110.33
(1.07)

—28.28
(0.78)
-5.68
(0.11)

52.23
(1.85)
95.27
(2.61)*

-10.15
(0.36)
-15.19
(0.33)

-410.12
(0.48)

0.11
214

Philippines

302.93
(48.14)*

~33.58
(1.76)*

~51.72
(2.05)*

66.46
(3.39)**
59.68

(3.40)**

~18.36
(0.68)

-69.4
(1.38)

-18.95

(1.07)
5.94

(0.24)

20.94
(1.51)
49.44
(2.75)*

1.4
(0.11)
3.75
(0.17)

77.71
(0.19)

0.12
214

Malaysia

109.83
(13.39)**

-44.78
(1.83%)

-49.13
(1.41)

-1.9
(0.08)
51.45
(2.28)*

-82.99

(1.34)
8.05

(0.12)

3.66
(0.16)
17.14
(0.54)

34.43
(1.93)*
89.06
(3.85)**

17.65
(0.98)
26.35
(0.92)

223.24
(0.41)

0.09
210

Indonesia

352.81
(16.83)

~70.59
(1.11)
-99.54
(1.18)

19.47
(0.31)

162.05
(2.77)*

~141.05
(0.88)
-119.17
(0.71)

—22.24
(0.38)
43.24
(0.53)

84.06
(1.82)*

251.67
(4.21)*

—51.65
(1.11)
—44.41
(0.60)

~189.65
(0.14)

0.10
214

Notes:Absolute alues oft-statistics are in parentheses. One amm dsterisks denote sigiif
cance at the 10 and 5 percenele respectiely. Except for the dummies, albxiables are in log
first differences.
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Japan décted the stock maek in IndonesiaGood nevs aboutThailand had a
significant and positie impact on the masel of the PhilippinesAs seen in the
earlier rgressions, the U.S. stock matkhad a signi€ant impact on the
regional stock maréts. On the other hand, the results from the interest rate and
sovereign spreads geessions are an very weak.The findings recorifm our
previous agument!?

We do not presume that thewsedummies capture all the mements of the
fundamental for a gen countryNor do we claim that the vws comprises purely
exogenous shocks. kever, given the lack of ariables with daily frequegcthey
are a waluable source of information about a courstfgindamental changes.

V. Conclusion

The results obtained in this paper suggest discernible patterns of contagion
during the EasAsian crises. Comparing correlations in tranqudlsus crisis
periods, we presentviglence in &vor of substantial contagion in the foreign
debt marlkts, whereas thevielence on stock maet contagion is more tenta
tive. In addition, using dummies constructed from dailwsieve shwed that
after controlling for an-country n&vs and a fe other fundamentals, the
cross-country correlations in the currgrand equity marits remain lage and
significant.

TheAsian crises suggest that during a periodirdiricial marlt instability
market participants tend to nae together across a range of countries. Shocks
originating from one mas readily get transmitted to other metk thus becom
ing a source of substantial instabilifyhe evidence of contagion in the foreign
debt marlkts reinforces the wethat there \as an element ofrfancial panic at
the onset of thésian crises, gien the &ct that correlations increased substan
tially during the crises in contrast to the relatstability of the correlation coef
ficients in the control group.

Despite the inherent constraints associated with high-fregueaia, it is
crucial to deelop methodologies to understand the short-ternvements in
financial markt variables.The polig/ implications associated with fundamen
tals-driven and contagion-dreén maements are quite dérent. In theifst case,
policymakers cannotxpect the marts to receer unless measures aredako
improve fundamentals. On the other hand, if neéskare decliningwing to
panic-driven herd behaor, then credible policactions to soothe the matisen
timents ought to be the priorit€orrect diferentiation between these causes is a
key to tackling fnancial marlkt contagion.

12As a logical &tension of our wrk, we analyze the residual correlations of these cross-country

dummy r@ressions. It is difcult to ascertain the informational content of these residualgngl@on
trolled for fundamentals and we from other countries, we V& accounted for all tangible sources of
marlket factors with daily frequeryc The residuals of thesegmeessions may contain unobsedvmwe-
ments of fundamentals, or pure contagideas, or both. Gien the unclear implication of the results, we
omit them from this papelt is worth noting that thexehange rate residual correlations diminish signif
icantly relatve to the correlations ofam-country dummy rgression residuals, whereas the stock etark
residuals remairairly strong.
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