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This article proposes a new approach to evaluate contagion in financial markets. Our
measure of contagion captures the coincidence of extreme return shocks across
countries within a region and across regions. We characterize the extent of contagion,
its economic significance, and its determinants using a multinomial logistic regression
model. Applying our approach to daily returns of emerging markets during the 1990s,
we find that contagion is predictable and depends on regional interest rates, exchange
rate changes, and conditional stock return volatility. Evidence that contagion is
stronger for extreme negative returns than for extreme positive returns is mixed.

Since 1997, economists, policymakers, and journalists have talked about
the “Asian flu.” It has generally been perceived that the adverse currency
and stock market shock that first affected Thailand in July 1997 propa-
gated across the world with little regard for economic fundamentals in the
affected countries. Before the Asian flu, there was the 1994 Mexican
“Tequila crisis,” and since then, the 1998 “Russian virus.” Emerging
markets economic crises, in general, have been characterized as
contagious. According to Webster’s dictionary, contagion is defined as
“a disease that can be communicated rapidly through direct or indirect
contact.” Emerging markets economic crises have led to massive bailouts
to quell contagion and have reduced support for free capital mobility.
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The International Monetary Fund (IMF) deputy managing director at the
time, Stanley Fischer, rationalized the 1994 Mexican bailout in this way:
“Of course, there was another justification: contagion effects. They were
there and they were substantial.”! Contagion has led Bhagwati (1998) to
argue that “capital flows are characterized ... by panics and manias.” If
markets work this way, it is not surprising that Stiglitz (1998) called for
greater regulation of capital flows, arguing that “. .. developing countries
are more vulnerable to vacillations in international flows than ever
before.”

Even though this contagion connotes powerful images of economic and
financial plagues, it is difficult to study scientifically. Evidence of this
difficulty is that there is little agreement on even defining what financial
contagion means.” Since equity market valuations reflect future economic
activity, much of recent research attempts to learn about contagion by
investigating whether equity markets move more closely together in tur-
bulent periods. There are considerable statistical difficulties involved in
testing hypotheses of changes in correlations across quiet and turbulent
periods and recent investigations of this issue find at best mixed results [see
Baig and Goldfajn (1999) and Forbes and Rigobon (2001)]. Nevertheless,
there does not seem to be strong evidence that stock returns in one country
are more highly correlated with returns in other countries during crisis
periods once one takes into account the fact that correlation estimates are
likely biased. A related literature demonstrates that, even though correla-
tions change over time, it is difficult to explain changes in correlations.’

Perhaps the most important limitation of these investigations of finan-
cial contagion is that they focus on asset return correlations in the first
place. None of the concerns expressed about contagion seem to be based
on linear measures of association for macroeconomic or financial market
events. In fact, these concerns are generally founded on the presumption
that there is something different about extremely bad events that leads to
irrational outcomes, excess volatility, and even panics. In the context of
stock returns, this means that if panic grips investors as stock returns fall
and leads them to ignore economic fundamentals, one would expect large

! See his statement in Calvo (1996, p. 323).

2 For a review of the difficulties in defining contagion, see Dornbusch, Park, and Claessens (2001). A recent
book by Claessens and Forbes (2001) published this and more than 20 other articles from a February
2000 World Bank/IMF conference, International Financial Contagion: How it Spreads and How it Can be
Stopped. These articles include theoretical models, a conceptual contribution, country case studies, and
broad-based empirical studies. Other important recent contributions include Eichengreen, Rose, and
Wyplosz (1996), Glick and Rose (1999), Masson (1999), Kaminsky and Reinhart (2000), Allen and Gale
(2000), and Kyle and Xiong (2001). Eichengreen, Rose, and Wyplosz (1996) estimate probit regressions to
relate the occurrence of a currency crisis in a country to predictive variables. Though their seminal
analysis is a precursor of our approach, it is not focused on the probability of the joint occurrence of
extreme events across countries.

3 See, for instance, Erb, Harvey, and Viskanta (1995), King, Sentana, and Wadhwani (1995), Longin and
Solnik (1995, 2001), and Karolyi and Stulz (1996). See also the recent survey by Karolyi and Stulz (2003).
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negative returns to be contagious in a way that small negative returns are
not. Correlations that give equal weight to small and large returns are not
appropriate for an evaluation of the differential impact of large returns. It
could be that large shocks, because they exceed some threshold or gen-
erate panic, propagate across countries, but this propagation is hidden in
correlation measures by the large number of days when little of impor-
tance happens.

To address these concerns, a number of recent studies have extended
models of international asset return volatilities and correlations to allow
for these observed threshold (large absolute return) and asymmetric
(negative return) effects. Some researchers have employed univariate
and multivariate extreme value theory (EVT) from statistics [Longin
(1996), Danielsson and de Vries (2000), Longin and Solnik (2001),
Straetmans (1998), Starica (1999), Kaminsky and Schmuckler (1999),
Pownall and Koedijk (1999), and Hartman, Straetmans, and de Vries
(2001)]. Others have developed multivariate GARCH-M models allowing
asymmetry [Ang and Chen (2002), Bekaert and Wu (2000)], Poisson jumps
[Das and Uppal (2002)], and even Hamiltonian regime-switching [Ang
and Bekaert (2002)] in the joint dynamics of returns. In contrast, in this
article we abandon the correlation framework that previous researchers
have focused on to study contagion and direct our attention instead to
the large positive and negative return days. To avoid a situation where our
results are dominated by a few observations, we do not compute correla-
tions of large returns, but instead measure the joint occurrences of large
returns. In order to determine whether there are more frequent joint
occurrences of large absolute value returns than expected, we calibrate
these outcomes using Monte Carlo simulations of the joint returns-
generating processes of international stock market returns with different
assumptions about their structure. We then develop an econometric
model of the joint occurrences of large absolute value returns using multi-
nomial logistic regression.

In part, we are influenced in our choice of methodology by the
extensive use of multinomial logistic analysis in epidemiology research
on contagious diseases [Hosmer and Lemeshow (1989)]. In epidemiology,
the model is used to answer questions such as: Given that N persons have
been infected by a disease, how likely is it that K or more other persons
will be affected by that disease? We use multinomial logistic regres-
sions to model occurrences of large returns, which we refer to as “excee-
dances.” With this model we can determine how likely it is that two
Latin American countries will have large returns on a particular day
given that two countries in Asia have large returns on that day or the
preceding day.

An important advantage of this multinomial logistic analysis, especially
relative to those based on EVT, is that we can condition on attributes and

719



The Review of Financial Studies | v 16 n 3 2003

characteristics of the exceedance events using control variables (or covari-
ates) measured with information available up to the previous day. We find
that exchange rate changes, interest rate levels, and regional conditional
volatility of equity market returns are statistically important covariates
that help explain and predict exceedances in this model. We define
contagion within regions as the fraction of exceedance events that is
not explained by our covariates (exchange rates, interest rates, market
volatility). We find that contagion differs across regions. Contagion
appears to be much stronger within Latin America than it is within
Asia. Further, large positive and large negative returns are equally
contagious in Asia, but not in Latin America, where large negative returns
are more contagious.

Another advantage of our approach is that it enables us to consider
contagion across regions as well as within regions. An earlier literature has
looked extensively at the transmission of information across advanced
markets during the calendar day.* Our investigation is related to this
literature in that we consider the impact of exceedances among countries
in one region on the probability of observing exceedances among coun-
tries in other regions. More specifically, we define contagion across
regions as the fraction of the exceedance events in a particular region
that is left unexplained by its own covariates but that is explained by the
exceedances from another region. We find evidence of cross-regional
contagion. Remarkably, the United States seems completely insulated
from any Asian contagion, even during the Asian crisis in 1997.

To apply our approach, we construct daily index returns from stocks in
the monthly investible indices of the International Finance Corporation
(IFC indices) from April 1992 to December 1995 and then use the daily
index returns provided by the IFC from January 1996 to December 2000
for 17 Asian and Latin American markets of the Emerging Markets
Database (EMDB, now owned by Standard & Poor’s). The sample period
extends from April 1992 through December 2000. These returns are
particularly well suited to our analysis because they correspond to the
returns of portfolios that can be held by foreign investors.

The article proceeds as follows. In Section 1 we present our data,
provide statistics on joint occurrences of extreme returns, and calibrate
the joint occurrences of extreme returns using Monte Carlo simulation
evidence. In Section 2 we motivate the use of a multinomial logit model to
explain joint occurrences of extreme events and estimate such a model.
The model is then used to show how contagion takes place within regions.

4 Important investigations of international “spillovers” of returns and volatility include studies by Eun and
Shim (1989), Hamao, Masulis, and Ng (1990), King and Wadhwani (1990), Engle, Ito, and Lin (1990),
Bae and Karolyi (1994), Lin, Engle, and Ito (1994), and Susmel and Engle (1994). More recent contribu-
tions include Ramchand and Susmel (1998), Ng (2000), Connolly and Wang (2003) and Dumas, Harvey,
and Ruiz (2003).
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In Section 3 we investigate contagion across regions. We conclude in
Section 4.

1. Measuring Financial Contagion as Coexceedances

In this section we first discuss our data and its properties. We then turn to
the distribution of extreme returns that we use throughout the study and
calibrate using Monte Carlo simulations whether the frequency of joint
extreme returns within regions is consistent with various assumptions
about the joint dynamics of returns.

1.1 Data

A number of explanations of contagion are based on actions by foreign
investors. We therefore use indices that are representative of the capitali-
zation of stocks that foreign investors can hold. Originally the Interna-
tional Finance Corporation (IFC) produced such indices for emerging
markets; currently these indices are produced by Standard & Poor’s.” We
use the IFC indices from Asia and Latin America. To study the extent to
which contagion affects the United States and Europe, we also use the
S&P 500 index for the United States and the Datastream International
Europe index for Europe. Our focus is on daily returns. Daily returns are
available for the IFC indices since December 31, 1995. Using these data,
the sample of daily returns therefore starts on December 31, 1995, and
ends on December 29, 2000 (1305 observations). While the sample period
does include the 1997 Asian crisis as well as the 1998 Russian crisis, we are
concerned that the sample is too short and that it excludes another
important crisis event, namely, the Mexican peso devaluation of
December 1994. As a result, we proceed to construct value-weighted
indexes of the stocks in the respective emerging markets using daily
stock prices from Datastream International. Our effort is also facilitated
by the availability of the monthly IFC indexes from the EMDB 2000
CD-ROM. Our index construction procedure follows a series of steps
and checks and is detailed in the appendix.

Table 1 provides sample statistics, including correlations for the full
sample period—April 1, 1992, to December 29, 2000 (2283 observations).
Not surprisingly, the properties of the indices vary dramatically across
countries. China has the highest average daily return (0.087%), but Brazil
has the highest daily return standard deviation (3.370%), almost four
times that of the United States and Europe. The largest positive extreme
return (58.708%) obtains for Pakistan, whereas Peru experienced the

3 Detailed information can be obtained from The IFC Indexes: Methodology, Definitions and Practices
(February 1998, International Finance Corporation, Washington, DC) or Standard & Poor’s Emerging
Market Data Base EMDB 2000™ Version 6.0 (CD-ROM).
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largest negative extreme return (—41.908%). All IFC indices have a
greater standard deviation than indices for the United States and Europe.

Correlations within regions are higher than correlations across regions.
However, none are particularly high except for the correlations among
Brazil, Argentina, Chile, and Mexico, which are all above 0.30. Another
cluster of moderately high correlations includes the markets of Southeast
Asia (Philippines, Indonesia, Malaysia, and Thailand). On a given day,
trading starts in Asia and ends in the Americas. Consequently information
that becomes available in Latin America at noon cannot affect stock
prices in Asia the same day. We consider, therefore, correlations between
returns in Asia and Latin America on the same day as well as those
between returns in Asia today and Latin America on the preceding day.
The correlations between returns in Asia and Latin America separated by
one day (upper right matrix with average correlation of 0.07) are roughly
the same size as the same day correlations (lower left matrix with average
correlation of 0.05). But the correlations of returns in Asia and
those of the United States lagged by one day are greater (average correla-
tion of 0.13) than the contemporaneous correlations (average correlation
of 0.03).

1.2 Exceedances and coexceedances

Correlations have been much studied. We focus instead on occurrences of
extreme returns. At this point we arbitrarily define an extreme return, or
exceedance, as one that lies either below (above) the 5th (95th) quantile of
the marginal return distribution. Alternative definitions are used later.®
We treat positive extreme returns separately from the negative extreme
returns. In Table 2 we report our counts of the number of joint occur-
rences of extreme returns, or coexceedances, within a region on a parti-
cular day. The left side of the table focuses on negative return (“bottom
tail”) exceedances and the right side on positive return (“top tail”) excee-
dances. We define a coexceedance count of 7 units for negative returns as
the joint occurrence of i exceedances of negative returns on a particular
day. The table is to be read in four parts for the top and bottom tails of the
Asian (top panel) and Latin American (bottom panel) regional markets.
In each part, the 2283 days in the sample period are divided into those in
which there are no exceedances in any country (e.g., 1526 such days in
Asia for negative extreme returns), only one country exceedance (e.g., 530
such days in Asia for negative extreme returns), and multicountry coex-
ceedances. Note that we count not only the total number of days with

% Longin (1996), Kaminsky and Schmukler (1999), Pownall and Koedijk (1999), and Longin and Solnik
(2001) employ conditional parametric or nonparametric measures of extreme returns. Later we employ a
conditional approach as a robustness check on our (co-)exceedances using an EGARCH model of
conditional volatility. We also employ different sizes for the tails.
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coexceedances of a given count, but we also identify which countries
participate in those events and how often.

In Asia, the distribution of coexceedances is mostly symmetric between
negative and positive extreme returns. There are five days with six or more
countries in the bottom tail and seven days with six or more countries in
the top tail. The same symmetry holds for other numbers of coexcee-
dances. The one case where there is a substantial difference between the
bottom-tail coexceedances and the top-tail coexceedances is for the cate-
gory of five coexceedances. In that case, there are 16 days with
five countries in the bottom tail and only 6 days with five countries in
the top tail. Indonesia was in the bottom tail for 14 of the 16 days with five
countries and all 5 days with six or more countries. Malaysia was the next
most regular participant in bottom-tail coexceedance events. During the
Asian crisis, crisis countries (Thailand, Korea, Malaysia, and Indonesia)
seem more likely to be in the bottom tail when other countries are in the
bottom tail. Looking at the correlations of Table 1, these patterns in
extreme returns are not a complete surprise since the crisis countries
have higher correlations among themselves than with the noncrisis coun-
tries. We report in Table 2 the average returns for each of the 10 Asian
countries when six or more Asian countries experience an exceedance on a
given day. Surprisingly the crisis countries do not always have larger
negative returns on such days than noncrisis countries. The absolute
value average return is higher for positive returns (7.47%) than for nega-
tive returns ( — 7.08%) on such days.

Though Latin America has only seven countries, there are 7 days where
six or more countries are in the bottom tail at the same time and 28 days in
total when four countries or more have extreme negative returns. This
contrasts with the case for positive extreme returns in which there is only
one day when six countries or more have returns in the positive tail. In
Latin America, and unlike Asia, there is clearer evidence of asymmetry in
that coexceedances of negative returns are more likely than coexceedances
of positive returns. Argentina, Chile, and Mexico are in each of the
bottom-tail events with five or more coexceedances; by contrast,
Colombia has a disproportionately large number of single-country excee-
dances (73 out of 371). Among top-tail coexceedance counts, Colombia is
again less likely to be involved with other Latin American countries, like
Argentina, Chile, and Mexico, but much more likely to experience a
top-tail event alone (86 of 448).

We compare but do not report coexceedance counts during the periods
before and after the July 1997 devaluation of the Thai Baht for Asia and
before and after the December 1994 devaluation of the Mexican peso. All
but five of the Asian bottom-tail and all but one of the top-tail coexcee-
dances involving four countries or more (38 and 30, in total, respectively)
take place after the devaluation of the Thai Baht. There are also clusters of
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large numbers of coexceedances in Latin America but they are distributed
more evenly over the period. Latin American coexceedances involving
four countries or more experiencing negative extreme returns take place
in early 1994 (four events) and around the December 1995 Mexican peso
crisis (seven events), but two more clusters appear in July 1997 and
especially in August 1998, the Russian default crisis period. The differ-
ences before and after the Thai Baht devaluation for Asia and around the
Mexican peso and Russian default periods for Latin America reflect the
same result as that observed by Forbes and Rigobon (2002) and others of
an increase in correlations during the crisis periods. Indeed, such a result is
difficult to interpret because we should naturally see higher correlations
once we condition on the occurrence of large returns. The reason for this is
that, in the presence of a common factor, large returns are more likely to
be associated with large realizations of the common factor. To understand
whether the existence of coexceedances can be explained by conditioning
on large absolute value returns, we have to investigate what the distribu-
tion of coexceedances would be if correlations were constant during the
sample7 period. To this end we perform Monte Carlo simulation experi-
ments.

1.3 Contagion versus coexceedances: Monte Carlo simulation evidence
We now consider the following experiment. Suppose that the covariance
matrix of returns is stationary over the sample period and that the returns
follow a multivariate normal or Student’s ¢ distribution. Using that co-
variance matrix, we simulate 5000 random realizations of the time series of
2283 daily returns for the Asian countries. For each realization we identify
the returns below (above) the 5th (95th) percent quantile returns for the
bottom (top) tail of the return distributions and perform the same non-
parametric count across countries by region as in Table 2. Doing so
provides us with a distribution of exceedances and coexceedances. We
use that distribution to calibrate the observed sample of coexceedances.
The results are shown in Table 3 and for each scenario we report the
simulated mean, standard deviation, 5% and 95% quantiles, and the
simulated p-value of the 5000 replications.

The distribution of the coexceedances will depend on the assumptions
made about the returns-generating process. To this end we perform the
Monte Carlo simulation with three scenarios. The first scenario assumes
that returns are jointly distributed as multivariate normal. The second
scenario allows for the possibility of fatter tails with the multivariate
Student’s ¢ distribution. The degrees of freedom equal N+ K — 1, where

Susmel (2001) also documents the unusually large number of extreme negative returns among Latin
American index returns. His focus is on the implication of safety-first principles for U.S. investors who
create a diversified portfolio using Latin American markets added to their purely domestic portfolio.

726



Measuring Financial Contagion

910 00 S0 L80 80 $9°0 cro 000 00°T $6°0 0T'0 100 0070 0070 anfea-d
1 14 4 8¢ 9cl1 18y 9691 00LI 8Ly scl LE 4! 4 I amuenb yige
0 0 4 (44 L6 9ty 991 9991 144 96 [44 € 0 0 auenb g
wo 611 85T €8 868 Wl ¥ ol 1€°01 Sv91 8L'8 ¥8Y LS'T LT'1 840 UONEIASP plEpuelg
81°0 o'l €9°L 866C LT'TTT €8¢y SL8LIT TIe’9l or'1sy 6T011 6T 6v'L [ LT0 Ueatl paje[nuly
AfewIou ajRLIBANMA 'Y
suore[NUIS O[Ie)) JJUOIA
I S 6 ST Y01 8y 1691 PSLT ILe 96 143 SI 9 L [endy
BOLISWY UNe] g [dued
¥0°0 9¢°0 (430 L0 ¥6°0 09°0 91°0 ¥0°0 w0 w60 86°0 ¥0°0 00 $0°0 anfea-d
S 01 Y4 S9 981 109 scsl 61¢1 L6S L81 65 IT 4! 14 amuenb yige
0 I 01 [44 114! <0s 0svl 8yl LTS sel 6¢ 8 [ 0 amuenb yig
€6'1 483 ILy LL9 LTI 69°LT LSCT S°0T L9°€T 19v1 0L'9 wv 3 9¢'1 UONEIASP pIEpuBl§
wl ¥8'v 0v91 wys 007291 (40439 [zt 0Te8rl 95°09S 0S°L91 90°08 9¢°¢1 96’y 9I'l Ugoll paje[nuuls
HOYUVDO 91eleAnnz "D
090 660 660 660 SL'O 000 00°1 00°1 000 Lo 00°1 £6°0 LT°0 980 anfea-d
4! 81 LE LL €LT 8 6191 Y91 Lyvy CLI LL LE 81 Cl s[nuenb g6
€ L 1T 1 LET 88¢ CLST LLST S8¢ 9¢l1 ¥S 1T L € auenb yig
S See Y8y 60°L €0°11 Ly'81 61yl 601 ¥9°81 6801 LO'L €8y Iee 98¢ UONEIASP plepuel§
0g'L 0Tl 96'8¢C £7'S9 10°661 [4x'84 8T G651 810091 18°C1y SLEST 98'%9 (4R LETI 0T'L Ueatl paje[nuly
(¢ = wopaa1j Jo 99139p) UONNQLIISIP-7 ABLIBANNIA g
0070 90°0 L00O LTO 660 00°T 0070 0070 00°T 860 960 000 000 000 anfea-d
4 9 81 LS 681 629 0LY1 SLY1 LT9 831 9¢ 81 9 4 amuenb yige
0 0 L LE S¢Sl L9S U4} Elagt S9¢ €51 9¢ L 0 0 auenb yig
8L°0 991 0g'e 009 6701 061 S0Cl 16711 6681 ¥9°01 009 9Ce ¥9°1 LLO UONEBIASP pIEpUBIS
w90 ¥8°C €eCl 8°9¥ €0°CLT 80°86S 9C°0s¥1l EL'SSYI 09°56S ST'OLT LO9Y S0Cl 6L°C 19°0 Ueall poje[nuirg
AITewIou 91BLIBANNA Y
SUOIRINWIS O[T JIUOIA
L 9 81 s g} By LOST 9csl (U3 8¥1 9¢ [44 91 S [eny
BISY 1Y [oued
9< S 14 € 4 I 0 0 I [4 € 14 S 9<

S0UBPIIIXI(-09) dANISod Jo JoqunN

SOUBPIIIXI(-09) dANIBTAU JO JOqUINN

SUINJAI J9NjTewl SUISIOWd A[Tep J10J SIIUBPINIXI(-09) JO S)[NSII UOT)B[NIUIS O[1)) JUOIAI

€ dIqeL

727



The Review of Financial Studies | v 16 n 3 2003

‘($661) 218ug pue Suig £q pasodoid uoryeorjroads

9} MO[[0] 0} POWINSSE ST [OPOW HD YYD BLIBANNUI 97} JOPUN UOIFI Yord 10J SUINJAI JO XILIJBUW SOURLIBAOD PUL 9OUBLIBA JO SOIWRUAD OY [, "HDYVO 9IBLBAN[NW € PUL ‘WOPIAIJ
JO s00130p AT YIIM UONNQLIISIP- 9JELIBAN[NW B ‘UONINQLISIP [BULIOU 9JBLIBAII[NUI © [SUONNQLIISIP UINJI JO S[OPOW JUSIJJIP 9911} JOPUN UNI 0I8 SUOTR[NWIS "(SIOUBPISONI0D
Jo Ioquunu [enjor Ay} Surpasoxd K10801ed UAAIS B UI S90ULPIEOX00d )M suonedrdar jo Ioquinu o)) onfea-d pajemuis pue dmuenb o6 ‘omuenb o,g ‘woneiaop prepuels
‘ueaw 2y} apnjour suonesrdar (g oY) 10j sonsnels Arewwng ‘g e, Ul Se ‘PlOYSIY) %G B I0J S2OURPAAOXI(-09) JO Joquinu 3y} A)ndwod dm UONBZI[ET OB 10, "SUONBZI[BAI
WOPULI ())(S 2ILIGUST PUL SUINIAI JO XLIJEW DUBLIEAOI-IUBLIEA ) pue uedw ddures ay) 9)nduwiod oAy "UoISaI Yora UIYIIM SIOUBPIIXS(-09) JO JdqUINU YY) A)LN[LAD 0) UOT)B[NWIIS
o[IeD) UOIA B Ao[dwd oM ‘UOINQINSIP WINJOI PIIR[NWIS B WOIJ UMBIP 918 BOLIOWY UNRT PUE BISY UI SWINIOI Xopul joyIew SuiSiows [euoneu jey) sisoyjodAy [nu oy Jopun

sTo 80°0 090 ¥6°0 6L°0 sTo 850 000 00°1 S6°0 wo 90°0 €00 000 anea-d

1 S ST [44 9t1 0Ly 8ILI LY 991 Scl [44 SI S ! anuenb yige

0 0 ¥ ¥ 96 66¢ 6991 L1 L6t S6 144 4 0 0 amuenb yig

65°0 091 0g'e 65°S 0€6 £V 1T 6wl Syl 68°0C 906 81'S 8C'¢ el SN0) UONEBIASP plepuel§

1€°0 €1'e 56 L8'CE LOTTL 19°¢ey 81°€691 1€°L691 0L Tey €6°601 e 9T'6 S0C 6C°0 Ueow paje[nuurg
HOYUVD arelreAnnN D

¥8°0 SLo 660 00°1 LLO 0070 00°1 980 €00 S6°0 S6°0 9L0 850 000 anfea-d

14 01 144 39 9¢l 0LE I8LT P8LI 99¢ scl [43 14 0l 14 smuenb yige

0 € 1T 143 S6 Sle WLl LyLl el S6 123 I 4 0 apuenb yig

Se'l e 98¢ 18°¢ 0T'6 0v'91 ELTL 8111 191 €6'8 69°S s8¢ 8¢'C el UONEIASP plEpuel§

€8l 819 6€°LT ov'ey 61011 STeve 95 T9L1 68°SOLI 9¢76¢E€ L9°601 £6'Ch LTLT 609 6L'1 uedW paje[nuIg
(¢ = wopaa1j Jo 22139p) uonnqLISIp-7 ALLBANNIA g

9< S 14 € 4 ! 0 0 ! [4 € 14 S 9<

$90UBPIVXI(-00) 9ANISOd JO IaquInN

S9OUBPIIIXI(-09) dANIBTAU JO JOqUINN

(panunuod)
€ dqeL

728



Measuring Financial Contagion

N is the number of countries (10 for Asia, 7 for Latin America) and K is set
to values ranging from 1 (significant positive excess cokurtosis) to 25 (little
excess cokurtosis, approximating multivariate normal). We explored
a number of choices of K, but report only our analysis for K = 5.8

One of the concerns expressed by Baig and Goldfajn (1999), Dorn-
busch, Park, and Claessens (2001), and Forbes and Rigobon (2001,
2002) is that contagion as measured by changes in cross-market correla-
tions across quiet and turbulent periods can be biased by heteroscedasti-
city. Forbes and Rigobon (2002) show how the bias can be corrected by
a measure of the relative increase in the volatility of market returns, say,
for example, during a crisis period. Neither of these two scenarios allows
for the possibility of conditional heteroscedasticity in the index returns.
Unfortunately there are not many choices available to specify a parsimo-
nious, yet reasonably general structure with time-varying conditional
volatility for a relatively large number of markets. One such parameter-
ization is the multivariate generalized autoregressive conditional hetero-
scedasticity (GARCH) model of Ding and Engle (1994).° This Ding and
Engle model constitutes our third scenario. Specifically, we estimate

Riy=00+¢€i 5t|Qt—1 ~ N(O,H,)

H, = Hox (' —ad — BB') + ad/ xe,_1e,_| + BB« H,_\,

where R, is the return on asset i between time ¢ — 1 and ¢, and , _ {, the set
of marketwide information available at ¢t — 1. §, is a constant parameter
and ¢;, and the associated N-vector, ¢,, are residuals that are conditionally
distributed multivariate normal with symmetric conditional covariance
(N x N) matrix, H;. In the law of motion equation for the conditional
variances, ¢ is an N-vector of ones, « and 3 are N-vectors of parameters
(where * is the Hadamard matrix product, element by element), and H is
an unobserved starting covariance matrix which we set equal to the sample
covariance matrix of the returns. We estimate this system using maximum
likelihood and the Berndt et al. (1974) optimization algorithm for the 10
Asian and 7 Latin American markets and then simulate 5000 random
realizations given the estimated (2N + 1) parameters. It is important to
note that the Ding and Engle model does not impose constant correlation,

8 A multivariate Student’s  distribution could potentially have a vector of degrees of freedom. Our choice
to impose a single value for all returns series is restrictive. We thank the referee for this point.

° This model structure has been successfully applied by De Santis and Gerard (1997, 1998), and more
recently, Ledoit, Santa-Clara, and Wolf (2003). The goal of the Ledoit, Santa-Clara, and Wolf study,
however, is to propose a numerically feasible alternative “Diagonal-Vech” multivariate GARCH model.
We thank the referee for pointing out this alternative conditional covariance structure.
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but rather guides the correlations in time by means of a constrained law of
motion for the conditional volatilities. Readers should also be cautioned
that the law of motion does not allow for the covariance asymmetry
featured in recent work by Ang and Chen (2002), that could generate
high coexceedance counts following large negative return shocks.

Table 3 reports the results separately for Asia (panel A) and Latin
America (panel B). It is immediately apparent that we observe more
coexceedances than one would expect for Latin America, but not neces-
sarily for Asia. This is true regardless of the assumption about the struc-
ture of the joint returns-generating process. For example, we have five
days where six or more countries in Asia have extreme negative returns. In
our simulations we generate an average of 0.61 days with the multivariate
normal scenario, 7.20 days on average in the multivariate Student’s ¢
scenario, and only 1.16 with the multivariate GARCH scenario.'® The
simulation p-values indicate that the multivariate normal scenario delivers
not even one replication out of 5000 in which five or more days of
coexceedances of negative returns of six or more countries occur. How-
ever, the multivariate GARCH and Student’s 7 scenarios do generate the
actual number of coexceedances in 4% and 86% of the replications,
respectively. For coexceedances of positive returns, the results are similar.
In these cases, the sample has seven coexceedances involving six countries
or more and this count is larger than that generated by the multivariate
normal and GARCH scenarios (simulated p-value of 0.00 and 0.04,
respectively), but it is not unusual for the Student’s ¢ scenarios ( p-value
of 0.60).

The results for Latin America are harder to reconcile with the simula-
tions than the results for Asia. In these experiments, the multivariate
normal and GARCH scenarios fail to generate any (simulated p-values
of 0.00) observations of six or more coexceedances of negative returns of
which there are seven in the actual sample. What is more surprising is that
even the Student’s ¢ scenario cannot deliver simulated coexceedance
counts as large as in the actual sample. By contrast, the number of
positive-tail coexceedances in Latin America is not dramatically different
from the simulated counts. There is only one coexceedance event with six
or more countries, so each of the scenarios are able to offer a reasonable
number of realizations that meet this challenge. But even the five

10Tn order to check the validity of the calibration exercise, we examined the skewness and kurtosis of the
simulated returns from the three scenarios and compared them with the actual returns. Overall the
kurtosis implied by the multivariate Student’s ¢ scenario for the marginal distributions of individual
country index returns are reasonably close to the positive excess kurtosis in the actual returns. The
skewness statistics were, however, typically much lower. For the multivariate GARCH and normal
scenarios, the skewness and kurtosis were even smaller than those of the Student’s 7. For example, Peru’s
index returns display excess positive skewness (0.26) and positive kurtosis (6.89). The average skewness
coefficients for the three simulated scenarios (normal, Student’s ¢, and GARCH) were 0.03, 0.28, and
—0.05, respectively; the average kurtosis coefficients were 0.01, 5.79, and 2.48, respectively.
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coexceedance events in which five Latin American countries experience
returns in the top 5% tail occur in more than 2% of the replications for the
multivariate normal scenario, 8% for the multivariate GARCH scenario,
and 75% for the multivariate Student’s ¢ scenario. This asymmetry in
coexceedance events represents another challenge for a model of
contagion.

The bottom line from our simulation experiments is that it is more
difficult to explain the distribution of coexceedances for Latin America
than Asia. Our simulation evidence suggests that the frequency of bottom-
tail and top-tail coexceedances in Asia can be generated (in a large fraction
of the 5000 replications) with a somewhat strong assumption about posi-
tive excess cokurtosis in the Student’s ¢ distribution (though not with the
normal or GARCH models). For Latin America, this is not the case for
the bottom-tail coexceedance events for any scenario. At the same time,
however, it is important to emphasize that the number of puzzling obser-
vations is small. The events that occur too often compared to the multi-
variate Student’s t, GARCH, or normal distribution model are those in
which most countries in a region have extreme returns at the same time.
There are few such days, but from the perspective of contagion studies,
those days are the most interesting.

. Contagion within Regions

In this section we show how our approach is useful for understanding
contagion within regions. In the first part of the section we present our
approach of using multinomial logistic regressions. In the second part of
the section we provide estimates of the regressions for Asia and Latin
America.

2.1 The logistic regression approach
Extreme value theory (EVT) has proposed three possible types of limiting
distributions for minima or maxima of a variable which are the Gumbel,
Fréchet, and Weibull distributions [Longin (1996)], and each of these has
been applied to time series of financial returns. These studies typically
estimate the parameters of these distributions using parametric (maximum
likelihood) and nonparametric approaches. We know of only a few appli-
cations of multivariate EVT to stock returns [Straetmans (1998), Starica
(1999), Hartman, Straetmans, and de Vries (2001), Longin and Solnik
(2001)]. But even in these cases, a dependence function between the
Fréchet, Gumbel, or Weibull distributions across variables must be
assumed and it is typically a logistic function [Longin and Solnik
(2001)]. Our approach is different.

Exceedances in terms of extreme positive or negative returns in a
particular country can be modeled as a dichotomous variable. However,
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our interest in coexceedances to capture contagion across many countries
within a region requires classification into many categories using a poly-
chotomous variable. Multinomial logistic regression models, not very
different from the multivariate EVT applications, are popular approaches
to estimate the probabilities associated with events captured in a poly-
chotomous variable [Maddala (1983, chap. 2), Hosmer and Lemeshow
(1989, chap. 8)]. If P; is the probability associated with a category i of m
possible categories, then we can define a multinomial distribution given by

m—1

Pi=G(Bx)/[1+ Y G(Bx), (1)

Jj=1

where x is the vector of covariates and (3; the vector of coefficients
associated with the covariates. Often the function G(5/x) is simplified
using a logistic function exp(5/x) which reduces Equation (1) to a multi-
nomial logistic model. The model is estimated using maximum likelihood
with the (log-) likelihood function for a sample of n observations given by

logl = i i IjjlogPy, (2)

i=1j=1

where J;;is an indicator variable that equals one if the ith observation falls
in the jth category, and zero otherwise. Because P;; is a nonlinear function
of the 3’s, an iterative estimation procedure is employed and, for this
purpose, we choose the Broyden, Fletcher, Goldfard, and Shanno algo-
rithm. The matrix of second partial derivatives delivers the information
matrix and asymptotic covariance matrix of the maximume-likelihood
estimator for tests of significance of the individual estimated coefficients.
Goodness-of-fit is measured using the pseudo-R? approach of McFadden
(1974) where both unrestricted (full model) likelihood, L, and restricted
(constants only) likelihood, Lq, functions are compared:'!

pseudoR? =1 — [logL,,/logLq)]. (3)

In our application to coexceedances across countries within Asia and
Latin America, we balance the need to have a model that is parsimonious
and yet one that richly captures the range of possible outcomes. We
therefore choose to restrict our categories to five in number: 0, 1, 2, 3,
and 4 or more coexceedances. For a simple model of constants, only
m — 1, or four parameters, need to be estimated. But for every covariate
added to the model, such as the conditional volatility of returns for the
regional index, four additional parameters need to be estimated. We
choose to estimate the coexceedances separately for positive and negative

Greene (2000, chap. 19) warns about the limitations of using pseudo-R? for comparisons across models.
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extreme returns (though we test the importance of this distinction later).
Finally, we compute the probability of a coexceedance of a specific level,
P;, by evaluating the covariates at their unconditional values,

P! = exp(8x) /

m—1
1+ Z exp(ﬂ;x*)], (4)
i=1

where x* is the unconditional mean value of x. From this measure and
following Greene (2000, chap. 19), we compute the marginal change in
probability for a given unit change in the independent covariate to test
whether this change is statistically significantly different from zero.

Because it is often difficult to judge whether changes in probabilities of
a given coexceedance level are large or small economically, we further
compute the sensitivity or response of our probability estimates to the full
range of values associated with different covariates instead of just at its
unconditional mean. These probabilities across the five categories add up
to one and we use plots to illustrate visually the changes in these prob-
abilities, a new approach in finance that we call the “coexceedance
response curve.”'?

Note that our key hypotheses relate to the existence of contagion across
regions as well as measuring contagion within regions. Specifically we will
assess the importance of the coexceedance events within Asia and Latin
America for the likelihood of an exceedance in the United States and
Europe. To this end we will need to estimate a logistic regression model for
the United States, but it must necessarily be for a dichotomous variable or
binomial logistic regression. This is a simple version of our multinomial
logistic regression model, and all estimation procedures, inference tests,
pseudo-R?, and even “exceedance response curve” plots are computed
accordingly. For simplicity, we compute the analogous models for Europe
as a single entity.

2.2 Contagion within regions

Table 4 provides estimates of our multinomial logistic regressions for Asia
and Latin America. We estimate the regressions separately for the bottom
tails and the top tails. The first panel shows estimates for Asia and the
second panel has estimates for Latin America. At the end of each table we
also report results for the binomial models for the United States and
Europe. Column (1) reports estimates of regressions for the bottom tails
for Asia that provide us with estimates of probabilities of coexceedances.

2 s S .
Our coexceedance response curve analysis is inspired by the epidemiology study by Gillespie, Halpern,
and Warner (1994) which examines lung cancer deaths per year among ex-smokers and employs covari-
ates such as age, gender, college attendance, smoker, and years since quitting for ex-smokers.
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We find (not reported) that there is a probability of 66.84% that no Asian
country has a bottom-tail return. If bottom-tail exceedances were inde-
pendent, this probability would be 59.87% (or 0.95'%). The coefficient Bo;
is associated with the event “Y =1,” or the case where one country has an
extreme return, and its probability is 23.22%; for example, computed as
the special case of the logistic function, exp(Bo1)/[1 + >_rexp(Box)]- Since
there are no covariates, these probabilities are the sample frequencies
reported in Table 2; for example, 530 occurrences of single-country nega-
tive return exceedances in Asia during the 2283 days. In column (2) we
add the conditional volatility of the Asian index (h,,) as a covariate.'> We
find that the conditional volatility increases the probability of extreme
returns significantly. To see the impact of conditional volatility, it is useful
to evaluate the marginal probability of exceedances with respect to the
conditional volatility. An increase in conditional volatility increases the
probability of all exceedances, but the effect decreases as we look at higher
numbers of joint occurrences. For instance, a 1% increase in the condi-
tional volatility increases the probability of one exceedance by 0.058% and
the probability of four or more occurrences by 0.009%. All the partial
derivatives are significant at the 5% level. The pseudo-R? is 5.09%.

In column (3), we add the average exchange rate change in the region
(eir) a well as the average interest rate level (i;) in the region.'* This allows
us to answer the question of whether the probability of co-exceedances is
affected by exchange rate shocks to the region and by the level of the
interest rates. We see that this is indeed the case if we look at the regression
coefficients. If currencies fall on average (e rises), extreme returns are
more likely. Few of the interest rate coefficients are significant. The
significant bottom-tail coefficients are positive, making it more likely
that a negative exceedance will occur when interest rates are high. The
two significant upper-tail coefficients are of opposite sign, which is puz-
zling. Moreover, the magnitude of the partial derivatives for changes in e;
is two to three times larger than for the partial derivatives for A;. The
partial derivatives are computed at the means of the regressors and are not
significant for one, two, or four or more exceedances. Adding exchange
rate changes and the level of interest rates almost doubles the pseudo-R>
to 9.21 percent. The economic and statistical significance of exchange rate
changes raises the question of whether the stock retun contagion we

13 The conditional volatility is estimated from a univariatt EGARCH(1,1) model to the value-weighted
Asian and Latin American regional indexes, as created by IFC after 1995 and reconstructed back to April
1992 as described in Section 2.

!4 Data on daily exchange rates relative to the U.S. dollar and mterest rates for each country are tamed from
Datastream International. The interest rate series chosen is typically the short-term rate of interest
available in Datastream with availability back to 1992. We computed simple equally-weighted average
rate changes and average interest rates by region for these covariates.

736



Measuring Financial Contagion

measure is actually foreign exchange contagion since we measure returns
in dollars. To examine this issue, we estimated our models in local cur-
rency returns, but do not report the results because they are similar to
those we do report.

When we look at the top-tail events (models 4-6 in Table 4), we find no
evidence that coexceedance events are less likely for positive extreme
returns than for negative extreme returns. A pairwise comparison of the
coefficients in columns (1) and (4) cannot reject that the coefficients are
equal (Wald chi-square statistic of 0.21, p-value of 0.65, not reported).'
Hence, for Asia, there is no evidence that contagion is somehow more
important for negative returns than it is for positive returns. Conditional
volatility is a statistically important covariate for positive coexcee-
dances.'® The exchange rate coefficients are negative and significant. In
other words, the likelihood of seeing positive extreme returns in more than
one country increases when on average the exchange rate in the region
appreciates. The interest rate variables provide almost no information for
positive coexceedances. The pseudo-R*s are much lower for positive
returns than they are for negative returns, so that our covariates are
more successful at explaining coexceedances for negative returns than
for positive returns.

In the second panel of Table 4 we see that the results for Latin America
differ substantially from those for Asia. The probability of having no
extreme return on a day is much higher for Latin America than it is for
Asia. We estimate the probability of having no extreme return to be
76.83% for Latin America, while it is 66.84% for Asia. The probability
of having four or more Latin American countries experience an extreme
return on the same day is higher than the corresponding probability for
Asia (Bos of —4.137 implies a probability of 1.23%). The explanatory
variables are significant for Latin America in the same way that they are
for Asia, except that interest rates do not appear to be useful in explaining
coexceedances of extreme negative returns in Latin America. The partial
derivatives of the probabilities with respect to regressors are significant
except for interest rates, but they are smaller for conditional volatility and
larger for exchange rates than those for Asia. Turning to the positive
extreme returns, we see that the probability of having no positive extreme
return is higher than the probability of having no negative extreme return.
Our test of equality for the probability of positive extreme return and

15We estimate a logit model for all coexceedances, positive or negative, and introduce a dummy variable
covariate equal to one if the coexceedance was positive. The Wald test that the coefficients on the dummy
variable are jointly equal to zero is distributed as chi-square with three degrees of freedom.

16 If high regional market volatility occurs because of high volatility in a common factor, it is not surprising
that a large number of coexceedances arise.

737



The Review of Financial Studies | v 16 n 3 2003

negative extreme return coexceedances confirms the asymmetry for coex-
ceedances of four or more extreme returns. Specifically coexceedances of
four or more extreme returns are more likely for negative extreme returns
than for positive extreme returns (Wald chi-square statistic of 3.17,
p-value of 0.07, not reported).

We also include the United States and Europe in the third and fourth
panels of Table 4. For the United States, the coefficient on the conditional
volatility of the market is positive and significant for both negative-
and positive-tail events, but the partial derivative of the probability of
an exceedance with respect to the conditional volatility is larger for
positive-tail events. Exchange rate and interest rate levels offer only
weak explanatory power.!” The pseudo-R’s are higher for the top tail
than in any other regression. For Europe, there is clear evidence that an
increase in the conditional volatility of returns increases the probability of
tail events. The exchange rate coefficients are significant, but the interest
rate coefficients are not. The pseudo-R’s are substantially higher than
those of the emerging market regions for the positive tail events.

Figure 1 illustrates the coexceedance response curves of Asia associated
with the model in column (3) of Table 4. Note that these plots apply only
to the bottom-tail events. Such curves are important in understanding the
impact of the covariates on the probability of exceedances. In the tables
we provide estimates of the partial derivatives of the exceedance probabil-
ities with respect to the regressors evaluating the partial derivatives at the
means of the regressors. However, these partial derivatives give an incom-
plete picture of the impact of changes in the regressors because the
probabilities are not linear functions of the regressors.

Plotting the probability of exceedances as a function of a regressor over
the whole relevant range of the regressor permits us to better assess how
changes in the regressor affect the probability of exceedances. Consider
the top plot that shows the sensitivity of implied conditional probabilities
of different numbers of coexceedances to the conditional volatility of
Asian index returns. The different areas of the plot correspond to different
coexceedance events. Clearly the probability of various coexceedances in
Asia increases with the conditional volatility, but it does so nonlinearly.
When the conditional volatility of Asian markets exceeds 3% or 4% per
day, for example, the probability of two or more coexceedances reaches
almost 45%. An obvious issue is that one has to be cautious in evaluating
such a result because we end up focusing on a subset of an already small
number of extreme events. The two other figures are associated with the

17 For the United States we employed the equally weighted average exchange rate for all countries in Asia
and Latin America in the binomial tests as well as the daily Federal funds rate. For Europe we used the
deutsche mark-U.S. dollar (or Euro-U.S. dollar) bilateral exchange rate and the short rate in Germany
as a proxy. All data are from Datastream International.
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Coexceedance response curves of negative extreme returns in Asia

739



The Review of Financial Studies | v 16 n 3 2003

model for the exchange rate change and interest rate level covariates. Of
interest is that the sensitivity of coexceedances to interest rate levels is
similar to conditional volatility, but the sensitivity to exchange rate chan-
ges—no doubt in large part due to the Asian crisis period—is dramatic
and highly nonlinear. The response curve slope is relatively flat unless
rather large average exchange rate depreciations of 1% or more per day
occur, after which the probability of regional contagion (two or more
coexceedances) rises to a maximum of 50% to 80%.

Two robustness checks follow. First, we provide a full set of Wald chi-
square tests of the restriction that the regression coefficients are the same
for positive exceedances and negative exceedances to which we have
already referred above. We find that for Asia we cannot reject the hypo-
thesis that positive- and negative-return joint exceedances are equally
likely. For Latin America, there is an asymmetry in coexceedances of
four or more where negative coexceedances are more likely. Second, we
also extended the analysis to incorporate some dynamics in coexceedances
by considering whether knowing the number of extreme returns of yester-
day is helpful in predicting the number of extreme returns today. The
results (not reported) show that the lagged values of coexceedances are
statistically significant for Latin America and Asia, and less so for
Europe, but are not significant for the exceedances in the United States.
This specification ignores, however, the lagged effects of the interest rate,
exchange rate, and regional conditional volatility covariates or a multi-
day horizon for measuring coexceedance events. We address these
supplementary issues in the next section.

How well specified these particular models are is an open question. Our
primary focus is on the extent of contagion across regions, so it is impor-
tant that our tests condition on reasonable covariates that affect conta-
gion within regions. We offer a number of sensitivity tests to address this
concern in the next section.

. Contagion Across Regions

In this section we investigate contagion across regions. The type of ques-
tion we address is whether the number of coexceedances, or joint occur-
rences of extreme returns, of a given number in Asia can help predict the
number of coexceedances or extreme returns in Latin America or in other
regions. To the extent that there is a fraction of the coexceedances in Latin
America that is left unexplained by its own covariates that can be
explained by coexceedances in Asia, we will interpret this as evidence of
contagion across regions. In the first part of the section, we answer
this type of question using a base model. In the second part of the section,
we explore alternate specifications, robustness tests, and calibration
exercises.
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3.1 The base model

To investigate the question we are interested in, we reestimate the models
of Table 4 for Asia, Latin America, the United States, and Europe,
respectively, but add two covariates related to coexceedances (Y;) and
regional market volatility (/},) from each of the other regions during the
preceding trading session that day (except for the United States and Latin
American trading sessions, which are contemporaneous). Timing conven-
tions are important since U.S. and Latin American markets open after the
markets in Asia close. Therefore we add to the Asian contagion regres-
sions the number of extreme returns in Latin America on the previous
trading day and the conditional volatility of the Latin American regional
index as of the previous day. As we are careful to condition on exceedance
events or conditional volatility from the previous trading day, we interpret
these results as evidence of predictability of contagion.

The model for Asia is given in column (1) of Table 5 for the bottom tails
and in column (4) for the top tails. The regression coefficients on the
number of exceedances in Latin America are significant (Bs; for k equals 1
to 4 are all significant at the 1% level) for all but two-country coexcee-
dances. In evaluating the derivative of the exceedance probabilities (“A
prob”) at the unconditional mean of the covariates, we note that an
increase in the number of exceedances in Latin America increases the
probability of all one-country and four-country-or-more exceedance out-
comes in Asia for negative tail events. It seems surprising at first that the
coefficient PBs3 is significant while its associated change in probability is
not, but this no doubt reflects the nonlinear logistic mapping. Because the
slope of the probability function depends on the covariates, the signifi-
cance of this slope depends on the value of the covariates used to estimate
the slope.

A concern with these results is that the number of exceedances in Latin
America might proxy for an exceedance in the United States, since Latin
American markets are open at the same time as the U.S. market. This turns
out not to be the case. We reestimated our regressions, adding a variable
that takes a value of one if the United States has an exceedance and zero
otherwise. Adding this dummy variable does not change our results. This
indicates that there is something unique about contagion among emerging
markets. The coefficients are significant for all exceedance outcomes for
positive tails, but the partial derivatives of the probabilities are not. We add
two Wald chi-square statistics associated with tests of the null hypothesis
that the block of coefficients associated with the conditional volatility and
the number of exceedances in the other market are jointly zero. The con-
ditional volatility of Latin America does not seem to be very helpful in
predicting exceedances in Asia. Introducing this variable weakens the
estimates of the impact of changes in the conditional volatility of Asia on
the probability of exceedances in Asia.
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Measuring Financial Contagion

When we turn to contagion from the United States (models 2 and 5), we
see that the coefficients on the U.S. exceedance have significant coeftfi-
cients, and the effect on the probability is larger than the effect from Latin
America. In addition, the conditional volatility of the United States is
helpful to predict exceedances in Asia. Of interest is whether the United
States had an extreme return seems more helpful in predicting the number
of negative extreme returns in Asia than the number of positive extreme
returns, although the Wald statistics indicate that both are significant at
the 1% level. Finally, the results from adding European exceedances as
covariates (models 3 and 6) are weaker than those obtained from adding
U.S. covariates for negative returns, but they are still statistically signifi-
cant. Comparing the regressions of Table 5 for Asia with those of Table 4,
we see that the pseudo-R? is higher in all cases (though, of course, it is not
adjusted for degrees of freedom). We also see that we cannot reject the
hypothesis that the new coefficients on the conditional variances and
on the number of exceedances are significantly different from zero, except
that the Latin American conditional volatility does not significantly affect
the number of positive exceedances in Asia.

The contagion tests for Latin America are presented in the second
panel. Remember that Asian markets close before the markets in Latin
America open on the same day; as a result, we use same-day returns in
measuring contagion from Asia to Latin America. For the negative
extreme returns, we find that Latin America has more negative extreme
returns if Asia has more negative extreme returns, at least for two-country
and four-country-or-more coexceedances. The results for conditional
volatility are mixed and possibly negative, which suggests that there may
be complex interaction effects among the conditional volatility processes
of the different regions. The exceedance shocks from the United States
and Europe have a larger and more consistent impact than those from
Asia. The effect of the conditional volatility from the United States is also
strangely negative, though not from Europe. The pseudo-R>s of the Latin
American regressions increase more by adding covariates from another
region than the pseudo-R’s of Asia. For all the regressions, we cannot
reject the hypothesis that the coefficients on the additional variables are
significant.

Finally, we turn to the United States and Europe in the third and fourth
panels of Table 5. Asian extreme returns or conditional volatility have
little effect on the probability of a negative extreme return for the United
States and none on the probability of a positive extreme return for the
United States. In contrast, extreme returns from Latin America and from
Europe have a significant effect. Since markets in Latin America are open
when markets in the United States are open, a concern is that contagion
from Latin America is really contagion indirectly from the United
States itself. Finally, Europe’s probability of negative extreme returns is
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significantly affected by extreme returns in all other regions. Again, how-
ever, we have to be concerned about the interpretation of this result, since
European markets are open part of the time when U.S. and Latin Amer-
ican markets are open.

The coexceedance response curve plots in Figure 2 for Asia show how
the conditional volatility and the number of extreme returns in Latin
America, the United States, and Europe affects the probability of extreme
returns in Asia. The plots for Latin America are given in Figure 3. We can
see that the probability of exceedances in Asia increases as the conditional
volatility of the Latin American returns increases and as the number of
exceedances in Latin America increases. However, the impact of an
increase in the number of Latin American exceedances on the probability
of four or more exceedances in Asia never reaches 10%. The impact of
Asian exceedances on the probability of one or two exceedances in Latin
America (Figure 3) seems modest and the impact of Asian exceedances on
three and four or more exceedances in Latin America is weaker than the
impact of Latin American exceedances on the probability that Asia will
have three or four or more exeedances. Viewed from this perspective,
contagion seems sharper from Latin America to Asia than from Asia to
Latin America. Further, contagion affecting emerging markets is stronger
than contagion affecting developed countries. Similar plots (not reported
to save space) show that the United States is largely unaffected by coex-
ceedances or conditional volatility from Asia. It is somewhat more dra-
matically affected by coexceedances in Latin America, but as discussed
earlier, the relation between exceedances in Latin America and an excee-
dance in the United States is hard to interpret. Europe is more insulated
than the United States from contagion in Latin America, but more sensi-
tive to contagion from Asia than the United States.

3.2 Calibration, robustness tests, and alternative specifications

The returns among countries of the regions we consider are correlated as
evidenced by Table 1. One would therefore expect that extreme returns in
one region are more likely to be accompanied by extreme returns in
another region and that the coexceedance patterns are just another mani-
festation of these correlations. To evaluate this hypothesis we extend the
simulation experiment in Section 1.3 to evaluate our multinomial logistic
regression model results. In this experiment we perform Monte Carlo
simulations of 2283 daily returns (corresponding to the April 1, 1992, to
December 29, 2000, period) for each country in Asia and Latin America
using 1000 replications of the historical mean vector and variance-
covariance matrix and assumptions about the joint returns-generating
process. As before, we propose the multivariate normal, multivariate
Student’s ¢ (with five degrees of freedom), and the multivariate GARCH
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using the Ding and Engle (1994) specification. This time, however, the
simulation is for all 17 countries in both regions. For each replication we
count coexceedance events in both regions and estimate a simplified
version of the multinomial logistic regression model of Table 5. To pro-
ceed with the experiments, we only examine whether the number of coex-
ceedances in one region can be forecast with the number of coexceedances
in another region. We only perform the experiments for contagion from
Latin America to Asia and from Asia to Latin America.

From Latin America to Asia
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Figure 2
Coexceedance response curves of negative extreme returns in Asia to the conditional volatility and
number of coexceedances of overseas market.
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Figure 2
Continued

The results are available from the authors. Basically we cannot explain
the coefficients on coexceedances from the other region for Asia or Latin
America. For the multivariate normal and Student’s ¢ scenarios, we
cannot explain the magnitude of the f; coefficients associated with Y}
coexceedances for positive or negative extreme returns. The multivariate
GARCH model has only moderate success delivering simulation p-values
of at most 5% for top-tail exceedances and 16% for the bottom tails. The
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pseudo-R? statistics in the simulations reach values as large as in the actual
data in at most 1% of the replications. For Latin America, in particular,
the highest simulation p-value for any coexceedance coefficient is 3% for
the top tail in the multivariate GARCH scenario and 23% in the bottom
tail also for the multivariate GARCH scenario. Perhaps even more strik-
ing for Latin America, the pseudo-R? is at least four times higher in the
data than it is in any of the simulations.
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Figure 3
Coexceedance response curves of negative extreme returns in Latin America to the conditional volatility

and number of coexceedances of overseas market
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Continued

We consider a battery of robustness checks. We reestimated our multi-
nomial logistic regressions with Monday dummies. These dummies are
insignificant. We also reestimated the models of Table 5 using local
currency returns. The results are virtually unchanged, except that the
pseudo-R? are lower in Asia and Latin America. In Table 6 we report
our contagion tests using lagged conditioning variables. Though it is an
in-sample experiment, it allows us to investigate further the predictability
of contagion. We see immediately that the pseudo-R? falls. However, the
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significance of yesterday’s coexceedances from the other regions is not less
than the significance of same day coexceedances. The table provides
evidence that contagion across regions is predictable and that the number
of coexceedances of another region provides useful information in pre-
dicting contagion.

A concern we have expressed is that contagion is just the outcome of
high volatility. We investigated this concern in a preliminary way with our
Monte Carlo simulations using multivariate GARCH scenarios. Another
approach to investigate this concern is to define exceedances differently
from how we have defined them so far. With the exceedances defined in
terms of the sample period returns, we necessarily have an outcome where
we have more exceedances in periods of higher conditional volatility.
Alternatively we can define exceedances using conditional volatility itself,
so that the probability of observing an exceedance is always the same
(assuming multivariate normality for returns and a constant conditional
mean). In Table 7 we define positive extreme returns to be those that
exceed 1.65 times the conditional volatility and negative extreme returns
those that are below — 1.65 times the conditional volatility. The main
impact of defining extreme returns this way is that a region’s conditional
volatility is no longer useful in predicting that region’s coexceedances.
However, coexceedances in one region still provide useful information in
predicting coexceedances in another region. For instance, the number of
coexceedances in Latin America helps explain the number of coexcee-
dances in Asia. Surprisingly, with this definition of exceedances, interest
rates are no longer useful to predict exceedances, but exchange rate
changes still are.

We use two more definitions of exceedances. We reestimate (not
reported) the base model regression, but use exceedances computed over
three days instead of over one day as regressors. That is, a coexceedance
event is defined as one in which more than one market experiences an
extreme return within a moving three-day window. The objective of this
robustness check is to assess in a rough way the nature of the dynamics in
coexceedances within a region. Overall, the results are similar to those of
the base case in Table 5 for Asia, but weaker for Latin America.'® Finally,
we define exceedances by the 2.5% quantile rather than the 5% quantile.
Proceeding this way, we have fewer exceedances. The results (again, not
reported) reveal a similar pattern in coefficients, partial derivatives of
probabilities relative to covariates, and coexceedance responses to Table 5,
but inference tests lose power.

18 Another possible concern that we do not investigate with the alternative specifications using multiday
horizons and lagged covariates is with nonstationarity of the explanatory variables. Park and Phillips
(2000) demonstrate the complications in the limiting distributions for binary choice models with expla-
natory variables generated as integrated processes. The potential impact on multinomial logit models is
an open question, however. We thank Richard Roll and our referee for pointing this out.
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Finally, we consider alternative estimation approaches for our problem.
Because our multinomial logit model fails to account for the ordinal
nature of our coexceedance measure as the dependent variable, we may
lose efficiency compared to an ordered logit model, which is explicitly
designed to capture the ordering information. The ordered logit, also
known as a proportional-odds ordered logit model, requires the odds of
adjacent categories, defined by different threshold or cutoff points along
the ordinal scale, to have the same ratio for all independent variable
combinations. As a result, there is only one set of coefficients estimated
for the covariates instead of four sets separately for each outcome in the
multinomial logit. However, this model implies that the odds of observing
five coexceedances instead of four are equivalent to the odds of observing
three coexceedances instead of two. Such a constraint will generate less-
efficient estimates if the odds are not proportional [Brant (1990), Peterson
and Harrell (1990)]. With this concern in mind, we chose to feature
the unordered multinomial logit. However, in unreported results, we
replicated our contagion tests across regions using the ordered model
and found that our inferences about the coexceedance variable Y; (coeffi-
cients and marginal effects) and the pseudo-R* were consistent and very
similar. Some propose diagnostic tests for ordered logit models relative to
multinomial (unordered) logit models based on the differences in the log-
likelihood values [Brant (1990)]. One such test is referred to as a
“likelihood ratio test.” It is computed as —2(L°— L), where L° (L) is
the log-likelihood of the ordered (unordered) logit, which is distributed as
a chi-square with p(c¢ —2) degrees of freedom, where ¢ is the number of
categories (c=15 for Asia and Latin America) and p is the number of
covariates (p =5 in our case). This diagnostic regularly rejects the ordered
logit model in favor of the multinomial, with only one exception. Note
that this diagnostic cannot be used as a formal measure of fit, as the
models are not nested.

Another alternative is the negative binomial model, which is a generali-
zation of the Poisson regression model used mainly for count data. This
model specifies that each observation is drawn from a Poisson distribution
with an expected number of events per period that is related to indepen-
dent variables, or covariates. The advantage of the negative binomial
model is that it does not assume equality of the expected mean and
variance. We hesitate to employ this model, as it is typically used in
cross-sectional analysis and less often with time-series data [Greene
(2000, section 19.9)]. In this model we do not need to assign categories,
as in the ordered and unordered logit models, and as a result, the system is
smaller, with only one coefficient estimated for each covariate."” We

19 We tested the restriction in the multinomial logit models in Section 4.1 that the coefficients across the categories
of one, two, three, and four or more coexceedances are equal and rejected these restrictions easily for the case
of Asia and Latin America. These restricted models are closest in spirit to the negative binomial model.
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replicate our tests for contagion across regions with this model (unre-
ported) and find that our inferences about contagion effects are even
stronger between Asia and Latin America and between the emerging
market regions and Europe. Contagion from Asia and Latin America to
the United States is measurably lower, however.

Our multinomial logistic regression model results for contagion within
and across regions are not simply manifestations of the correlations of
returns in those markets, even if we allow for returns-generating processes
with excess kurtosis and time-varying volatility. The findings are robust to
specifications with seasonal dummies, lagged conditioning information,
local currency (versus U.S. dollar) denominated returns, multiday hori-
zons for exceedance counts, and even conditional measures of extremes
based on conditional volatility. We also explore other econometric
methods including ordered logit, proportional odds, and negative bi-
nomial regression models. If anything, these alternative specifications
likely strengthen our main findings on the existence of contagion effects
across regions.

. Conclusion

In this article we propose a new approach to the study of financial
contagion. The key presumption of our approach is that contagion is a
phenomenon associated with extreme returns: if there is contagion, small-
return shocks propagate differently from large-return shocks. We there-
fore investigate the propagation of large-return shocks within regions and
across regions. Such an approach faces two problems. First, focusing on
large-return shocks, by definition, decreases sample size and limits the
power of our tests. One must be careful not to let inferences be dominated
by a few datapoints. As a result, we choose to focus on counts of coin-
cidences of extreme returns rather than on correlations of joint extreme
returns. Our modeling approach employs the multinomial logistic regres-
sion approach to reflect this new and different focus. Second, one would
expect large returns to be more highly correlated than small returns. As a
result, one has to make sure that the apparent contagion of large returns is
not simply the outcome of conditioning a study on large returns. We use
Monte Carlo simulations to calibrate our results with different scenarios
according to what one would find if returns were distributed as multi-
variate normal, Student’s 7, and even with GARCH effects. We find that
we have too many cases where large negative returns occur in most
countries of a region. Further, we find that the number of large negative
returns in one region is more useful to predict the number of large negative
returns in another region than if the returns in the two regions were
distributed multivariate normal, Student’s ¢, or GARCH. We also find
that the number of joint occurrences of extreme returns within a region
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can be explained by regional conditional volatility, the level of interest
rates, and exchange rate changes.

Contagion is a source of great concern for policymakers and has gen-
erated a large and growing academic literature. We find in our study of
emerging markets that the propagation of large negative returns across
regions is anomalous if stock return indices follow a joint returns-
generating model with normal or fat tails or even if the conditional
volatility of returns varies over time. Whether this anomalous propaga-
tion should be a matter of serious concern will depend on the views of
readers. Nevertheless, our article has a number of clear results:

1. Contagion is more important in Latin America than in Asia.

2. Contagion from Latin America to other regions of the world is
more important than contagion from Asia.

3. The United States is largely insulated from contagion from Asia.

4. Contagion is predictable conditional on prior information.

A natural extension of our study would be to investigate whether
alternate distributional assumptions could explain our results. Further,
our study uses daily returns and focuses on same-day, lagged one-day, and
even three-day contagion. But a useful extension of the study would be to
look at longer-horizon contagion. Such an analysis would make it possible
to investigate whether there are thresholds of cumulative returns above
which propagation of returns becomes more intense. It would also be
useful to apply the approach to a broader cross section of individual
stock or sector index returns within countries. The approach developed
in this article would be well suited for such analyses. There is a long
tradition that focuses on modeling the properties of extreme returns.
A factor model might capture both the properties of extreme returns and
of other returns. It would be a challenge to develop a model that would
capture the nonlinearities that we emphasize, but such a model could
provide useful insights about the contagion quantified in this article.

Appendix

Every three month, stocks in the EMDB Global Index for each market are identified and
sorted by market capitalization (adjusted for the free-float if cross-holding data is provided).
Stocks are included until 50 stocks are included or until the threshold of 90% of the EMDB
Global Index capitalization is met. Daily returns are computed from daily log differences of a
value-weighted portfolio of constituent stocks and both local currency and U.S. dollar-
denominated (net of log difference of daily exchange rate) returns. Though we start the
procedure as far back as December 1989, the official start date for all markets is April 1, 1992.
We verify our selection and construction criteria by examining the statistical attributes of the
index series and the correlations with the actual IFC indexes after December 31, 1995.
Overall, the coverage in terms of market capitalization is well over 90% even if the 50 stock
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limit is not met, due to the skewness of the composition in many of these emerging markets.
Most correlations between the constructed and actual IFC indexes are well over 0.95 (median
0.988) for all but three exceptional cases (Colombia, 0.88; India, 0.89; Peru, 0.83) indicating
the construction process is reasonably sound. We report only the results using our con-
structed indexes, but all the tests reported in this article are estimated using the actual IFC
indexes also. Further details on the scope of coverage and components is available from the
authors upon request.
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