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ABSTRACT

This paper provides empirical evidence that international investor asset holdings have
an effect on global transmission of stock market crisis. By separating stocks into two
categories, those eligible for purchase by foreigners (investable) and those that are
not (non-investable), we estimate and compare the degree to which investable and
non-investable stock index returns co-move with the crisis country index returns.
Our results indicate greater co-movement during high volatility periods, especially
for investable stock index returns. The more pronounced impact on investable stocks
than non-investable stocks provides evidence that crisis spreads through international
investors’ asset holdings rather than through changes in countries’ market fundamen-

tals.
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A series of emerging market stock market crises interspersed the decade of the 1990s:
the Mexican peso collapse in 1994, the East Asian crisis in 1997, and the Russian
default in 1998. One striking feature of these crises is how an initially country-
specific event seemed to rapidly transmit to markets around the globe. These events
have prompted a surge of theoretical and empirical interest in “contagion” and in
the determinants of a country’s vulnerability to crises that originate elsewhere.

On the empirical side, Karolyi and Stulz (1996) and Connolly and Wang (1998a)
find that macroeconomic announcements and other public information do not affect
co-movements of Japanese and American stock markets. King, Sentana, and Wad-
hani (1994) find that observable economic variables explain only a small fraction of
international stock market co-movements. Forbes (2002) finds some evidence of trade
linkage: Countries that compete with exports from a crisis country and those that
export to the crisis country have significantly lower stock market returns. However,
these trade effects can only partially explain the sizably lower stock market returns
observed during crisis periods. In addition, the correlations between market returns
computed by Longin and Solnik (2001), Connolly and Wang (1998b), and Ang and
Chen (2002) are especially large in market downturns, suggesting asymmetry in the
contagion for market downturns and upturns.

Motivated by the lack of evidence that macroeconomic fundamentals serve as
determinants of contagion, researchers have sought for alternative explanations. In
particular, restrictions imposed on international investors’ asset holdings may lead

to limited arbitrage in the international asset market.? Kodres and Pritsker (2002)

lContagion, in this paper, is defined as a significant increase in cross-market link-
ages during periods of high volatility, similar to other work in this literature (for ex-
ample, Forbes and Rigobon (2002)). This is a more restrictive definition than conta-
gion defined as spillover effect from one country to another. For a detailed discussion of
the definition, go to “Definition and Causes of Contagion” at the World Bank Website,

http://wwwl.worldbank.org/economicpolicy /managing%20volatility /contagion /index.html.
2Qur paper focuses on contagion among equity markets. Other contagion literature explores

contagion due to currency crises, as in Corsetti, Pesenti, and Roubini (1999), Goldfajn and Valdes
(1997), Chan-Lau and Chen (1998), and Kaminsky and Reinhart (2000). Another branch explores
contagion due to linkages among financial intermediaries, as in Allen and Gale (2000), Lagunoff
and Schreft (2001), and Van Rijckeghen and Weder (2000).



develop a theoretical model of financial contagion through cross-market portfolio re-
balancing. One implication of their model is that market co-movements should be
symmetrical in market upturns and downturns. Kyle and Xiong (2001) suggest that
contagion occurs through the wealth effects of investors. When investors suffer a large
loss in investment in the crisis country, they may have to liquidate their positions
in other countries, thus causing equity prices to depreciate elsewhere. Moreover,
Calvo (1999) and Yuan (2004) find that wealth effects persist even when only a
small fraction of investors are wealth-constrained, as long as they are relatively more
informed. They argue that uninformed rational investors are not able to distinguish
between selling based on liquidity shocks and selling based on fundamental shocks. In
the presence of margin-constrained informed investors, it is possible for contagion to
result from confused uninformed investors. Kyle and Xiong (2001), Calvo (1999), and
Yuan (2004) predict that crises spread to stock markets by their wealth-constrained
investors, and that correlations among markets are greater in market downturns.
Although theoretically convincing, there is little empirical evidence for the investor-
induced contagion hypothesis.

To test whether crises spread across countries by asset holding patterns or, in-
stead, by correlated country fundamentals, we utilize a unique attribute of emerging
stock markets. In emerging market countries, not all publicly listed stocks are eligible
for purchase by foreigners. By differentiating between those stocks that are readily
accessible to foreign investors (investable) and those that are accessible primarily to
local investors (non-investable), we form testable implications that allow us to distin-
guish between the investor-induced contagion hypothesis and the fundamental-based
contagion hypothesis. In order to illustrate these testable implications, we describe
a simple thought experiment.?

Consider an economy with two emerging markets (A and B) that have inde-
pendent economic fundamentals. There are investable and non-investable stocks in
each country. Suppose there are three types of investors. First, there is a group

of investors, called global investors, who can invest in investable stocks in countries

3This simple thought experiment can be thought as a reduced form of models in Kyle and Xiong
(2001), Calvo (1999), and Yuan (2004).



A and B. For concreteness, one might interpret these investors as institutional in-
vestors from developed countries. Second, there is a group of investors from emerging
market country A, called local investors in country A, who only invest in country
A’s stocks (investable and non-investable). Similarly, there is a third group of in-
vestors from emerging market country B, called local investors in country B, who
only invest in country B’s stocks (investable and non-investable). One might think
of these last two groups of investors as local investors in emerging market countries.
We first assume that investors from country A (B) invest locally. We motivate this
assumption by pointing out that theoretically local investors face large transaction
costs when investing in assets in other countries. These costs may be a reduced
form of institutional constraints* or information asymmetries.® Moreover, we mo-
tivate this assumption by referring to the extensive empirical evidence established
by the “home bias” literature.® We further assume that all investors face trading
constraints.” One form of trading constraints is the borrowing constraint (i.e., in-

vestors have to deposit collateral in margin accounts). In this case, when country

4For example, most governments in emerging market countries impose capital outflow restrictions

on their citizens.
5One simple story in the spirit of information asymmetry could be as follows. Suppose there is

a language barrier between the two countries, A and B. Then Country A investors will be reluctant
to hold an asset with information written in country B’s language for fear of holding a worthless

piece of paper. The reverse is true for investors in country B.
SFrench and Poterba (1991) are the first to observe the home bias among equity investors in

developed countries, that is, they invest mostly in domestic markets. Recently this bias is shown
to be much stronger among equity investors in developing countries (Bertaut and Cole (2004)).
Furthermore, for emerging market countries, studies have shown that the net capital flows are

inflows rather than outflows (Lane and Milesi-Ferretti (2001)).
"We motivate this assumption on trading constraints using the findings on international mu-

tual fund behavior by Kaminsky, Lyons and Schmukler (2001), Kaminsky, Lyons and Schmukler
(2003), Kaminsky and Reinhart (2002), Broner, Gelos, and Reinhart (2003), and Kallberg, Liu,
and Pasquariello (2003), where investor constraints are shown to affect investment decisions and
stock prices. For example, in their study of net monthly flow of equity funds in Indonesia, Malaysia,
the Philippines, South Korea, Taiwan, and Thailand during the Asian crisis, Kallberg, Liu, and
Pasquariello (2003) find that information spillover and investor constraints such as portfolio rebal-
ancing, rather than common information shocks, represent major channels for the transmission of

crisis across countries. We will relate our findings with this literature in details.



A is struck by a country-specific crisis, foreign investors suffer losses in country A’s
investable stock investment and have to withdraw country B’s investable investment
in order to meet margin calls. This selling of country B’s investable stocks is unre-
lated to country B’s economic fundamentals but, nevertheless, leads to a price drop
in country B’s investable stocks. If the price drop in country B’s investable stocks is
severe enough, it may affect country B investors’ wealth constraints and force them
to liquidate their holdings in non-investable stocks. Hence, the idiosyncratic shock
in country A, if severe enough, may spread to country B’s non-investable stocks.

We draw three testable implications from this thought experiment. First, if conta-
gion is investor-induced (either through portfolio re-balancing or wealth constraints),
stocks that are owned by international investors, i.e., investable stocks, should have
a higher than normal level of co-movement with the crisis country stock market
than non-investable stocks during the turmoil period. Alternatively, if contagion is
fundamental-based, the increase in co-movement between investable stocks with the
crisis country stock market during the turmoil period should not exceed the increase
in co-movement between non-investable stocks with the crisis country stock market.
Second, the investor-induced contagion hypothesis also predicts that within a coun-
try, movements of investable stock returns should lead movements of non-investable
stock returns through local investors’ wealth constraints during the turmoil periods.
Finally, if crises spread through investors’ wealth constraints, correlations should be
asymmetrically higher in market downturns than in market upturns due to wealth
constraints.

To formally test these implications, we estimate and compare the degree to which
investable and non-investable stock returns co-move with the stock market returns
of the crisis country. If the investable stocks and non-investable stocks have no fun-
damental differences in cash flow, the differences in co-movement can be attributed
to differences in investor activity, with investable stocks more susceptible to outside
shocks through the need of portfolio re-balancing or wealth constraints. Furthermore,
because both exchange rate and local stock return shocks affect investor constraints

and may be transmitted through investor holding, we decompose co-movements to



assess the relevant importance of the two.®

Although seemingly straightforward to implement, calculating return correlations
during the crisis period (in volatile times) is not a trivial statistical exercise. Some
misleading results have been reported in the past that ignore the relationship between
correlation and volatility. Stambaugh (1995), Boyer, Gibson, and Loretan (1999),
and Forbes and Rigobon (2002) note that calculating correlations conditional on high
(low) returns, or on high (low) volatility, induces a conditional bias in the correlation
estimate. To correct for the conditional bias, Forbes and Rigobon (2002) propose a
bias correction methodology based on the assumption of independent and identically
distributed (i.i.d) returns. However, Corsetti, Pericoli, and Sbracia (2002) show that
if the returns are not i.i.d. (for example, if variances increase during crisis periods)
the bias correction errs in the direction of not finding contagion. They modify the
Forbes-Rigobon (2002) test to account for changes in volatility. In this paper, we use
two different methodologies to calculate correlations. First, we estimate a regime-
switching model, in which return variances are allowed to change across regimes.
Second, we estimate correlations of tail observations using extreme value theory,
which is robust under any distributional assumption of returns.®

To determine the beginnings and ends of crisis and non-crisis regimes, we use
a dynamic model of stock returns that allows for endogenous structural breaks. In
particular, we estimate a regime-switching model where the unobserved state variable
is assumed to follow a two-state Markov process. Regime-switching models have
been found to successfully exhibit important features of the correlation dynamics of
financial times series (Ang and Chen (2002), Gibson and Boyer (1997)). We find that

(1) an overwhelming portion of emerging markets in our sample have an increased

8We thank an anonymous referee in pointing out that co-movement due to changes in currency
is of a great interest. Index returns measured in U.S. dollars is a sum of two components: index
return measured in local currency and exchange rate return. Therefore, by decomposing the co-
movement, we can measure the change in co-movement due to change in the equity market value

and change in the currency.
9Farlier versions of this paper included another measure of correlation, following the bias cor-

rection suggested by Forbes and Rigobon (2002). The results are similar, and therefore omitted for

the clarity of exposition.



correlation in their investable returns with the crisis country during the volatile
regime; and (2) the correlation increase during the crisis time is more pronounced
with investable returns than with non-investable returns. These findings support the
investor-induced contagion hypothesis.

We also consider the time dimension in the transmission of crises between coun-
tries. As a preliminary measure, we test the lead and lag relationship between
investable and non-investable stock index returns for each country. If financial crisis
shocks spread through investors, the more accessible investable stocks should lead
the non-investable stocks during the crisis period. Specifically, we compare the sizes
of the cross-autocorrelations between investable and non-investable stock index re-
turns. Campbell, Lo, and MacKinlay (1997) use this methodology to determine if
large stocks lead small stocks. Our analysis shows that investable stock returns lead
non-investable stock returns during the crisis period. This suggests that crises are
absorbed into investable stocks first, thus providing additional support that interna-
tional investors are responsible for spreading the crises.

After finding empirical evidence supporting the investor-induced contagion hy-
pothesis, we conduct further tests to determine how crises spread through investors.
We test whether market co-movements are symmetric in extreme market upturns
and downturns. If crises are transmitted due to investor constraints, such as investor
wealth constraints, market co-movements should be greater in market downturns
than upturns. Instead, if crises spread due to investor constraints such as the need
for portfolio re-balancing, co-movements should be symmetric. A test of symmetry
at extreme tails helps to distinguish between these two hypotheses. To do so, we
estimate exceedance correlation, implemented by Ledford and Tawn (1997) and Lon-
gin and Solnik (2001). This methodology is based upon the non-degenerate limiting
distribution of the extreme tails, and is free of any assumptions on the underlying
joint distribution. In estimating exceedance correlation, we find that correlations in
negative tails are higher than correlations in positive tails, and that this effect is
more pronounced for investable returns than non-investable returns. This indicates
that some constraint, which causes investors to respond more to negative external

shocks than to positive external shocks, may be responsible for transmitting crises.



Investor wealth constraints could be one such constraint. Alternatively, we estimate
the correlations of index returns on stocks and government bonds during the crisis
and stable periods to shed light on the mechanism of the crisis transmission chan-
nel.'% This is to determine whether we observe portfolio re-balancing activities such
as “flight to quality” during the crisis period, where the correlation between stock
and government bond index returns decreases (and may become negative), or we
observe that investor are pulling out of the asset markets all across the board due
to wealth constraints, where the correlation between stock and bond index returns
increases.

These tests of the investor-induced contagion hypothesis against the correlated
country fundamental hypothesis hinge on two crucial assumptions. The first assump-
tion is on the feasibility of foreign investors to move the market.!! Empirically, it
has been shown that foreign investors are an important class of shareholders given
their observed information superiority and its impact on prices.!? Furthermore, in
emerging markets. foreign investors are extremely important due to their substan-
tial asset holdings.'®> The second assumption is that investable firms share similar
cash-flow fundamentals with non-investable firms, and different only in investor own-
ership. Otherwise it is difficult to attribute the difference in co-movements strictly
to investor ownership. We establish the validity of these assumptions prior to our
analysis of co-movements.

Our paper is closely related to the literature on limited arbitrage (Shleifer and

10We thank an anonymous referee for this suggestion.
1'We thank an associate editor for pointing this out.
12Clark and Berko (1996) find that unexpected foreign capital inflows of 1% of the market capi-

talization drive prices up by 13% in Mexico during the late 1980s through the crisis in 1993. Using
international portfolio flow data to 44 counties (both emerging and developed countries) from 1994
to 1998, Froot, O’Connell, and Seasholes (2001) have shown that foreign equity inflows have posi-
tive forecasting powers for future equity returns, statistically significant in emerging markets. They
interpret their evidence to be consistent with the view that foreign investors are better informed
than local investors. Seasholes (2004) and Froot and Ramadorai (2001) provide evidence support-
ive of this assessment of the information content for foreign equity flows. This finding is plausible

considering most foreign inflow comes from institutional investors.
13Choe, Kho, and Stulz (2003) find for the Korean market as a whole, foreigner investors own

about 14.7% in 1997.



Vishny 1997). The literature on limited arbitrage emphasizes that market frictions
or noise trader risks break the link between asset price movements and economic fun-
damentals. This is in contrast to the traditional asset pricing theory where the view
is that co-movement in prices reflects co-movement in fundamentals in an economy
with rational investors. For example, in a recent paper, Barberis, Shleifer, and Wur-
gler (2003) find evidence for investor-induced co-movements by showing that some
co-movements of stock returns can be attributed to asset re-classification. Our paper
is complementary to this line of research since it provides cross-country evidence for
non-fundamental-based, investor-induced theory of co-movements.

Our paper also is related to the literature on measuring contagion across mar-
kets. In the literature on measuring contagion across markets, contagion is defined
as correlation between markets in excess of what would be implied by economic
fundamentals. Different approaches have been adopted to model the linkage be-
tween economic fundamentals and asset market co-movements. For example, Bae,
Karolyi, and Stulz (2003) estimate the joint occurrences of large absolute returns us-
ing multinomial logistic regression and define contagion within regions as the fraction
of exceedance events that is not explained by fundamentals (exchange rates, interest
rates, and market volatility). Instead of studying correlations of returns, they focus
on analyzing the joint occurrences of extreme events. Another approach is to use
a factor model. For example, Bekaert, Harvey, and Ng (2003) apply a two-factor
model with time-varying betas and measure contagion as correlation among model
residuals. By defining the contagion as excess correlation over and above what one
would expect, they measure the extent to which the crisis spreads due to reasons
other than changes in economic fundamentals. Tang (2001) uses a similar approach
but restricts the factor model to a world CAPM. In our analysis, by demonstrating
that investable and non-investable stocks share similar economic fundamentals, we
can measure the excess correlation over and above beyond what one would expect
from economic fundamentals as the difference-in-difference of co-movement with the
crisis country for investable and non-investable stock returns. Hence, we circumvent

the need of specifying and estimating a factor model.**

14The theoretical literature on international asset pricing under mild segmentation (e.g., unequal



Our paper is also closely related to the studies on equity fund portfolio holdings
by Kaminsky, Lyons and Schmukler (2001), Kaminsky, Lyons and Schmukler (2003),
Kaminsky and Reinhart (2002), and Broner, Gelos, and Reinhart (2003). Similar to
our findings, these studies find that investor asset holdings is a mechanism through
which crisis shocks propagate. Kaminsky, Lyons and Schmukler (2001) demonstrate
that the Mexican, Asian, and Russian crises triggered withdrawals by mutual funds
from other countries. In their study of mutual funds specializing in Latin American
countries, Kaminsky, Lyons and Schmukler (2003) also find mutual funds withdrew
money from other Latin American countries, following the initial shock in Mexico
during the Mexican crisis of 1994. Moreover, they find this contributed to the conta-
gion in the region. Kaminsky and Reinhart (2002) mention some anecdotal evidence
which shows that countries with negligible representations in the portfolios of mutual
funds were hardly affected by regional crises (for example, Colombia and Venezuela
during the Mexican crisis). Broner, Gelos, and Reinhart (2003) find that when some
funds are over-exposed to the crisis source, the extent to which other countries share
these over-exposed mutual funds, i.e. interdependence through mutual funds, pre-
dicts poor stock market performances in these countries, indicating crises spread
through mutual fund asset holdings. An analogue of our finding of asymmetric co-
movements between investable and the crisis country in the country fund research is
that the interdependence though mutual fund asset holdings demonstrated in these

studies would not have a price impact during the stable period, a hypothesis that

access to certain asset markets) predicts that restricted securities command a “super risk premium”
over unrestricted securities (Errunza and Losq, (1985) and (1989)), where the “super risk premium”
is related to three elements: (1) the risk aversion coefficients of two types of investors (those who
have restricted and those who have unrestricted access to the market), (2) the market capitalization
of all ineligible stocks (available only to those with unrestricted access to the market), and (3) the
return covariance of the ineligible stock with the portfolio of all ineligible stocks. This risk premium
does not vary with returns of eligible stocks. This theoretical finding lends support to the formation
of our testable hypotheses, since it predicts the “super risk premium” is the same over the volatile
and stable regimes. By examining the difference in pricing between investable (eligible) and non-
investable (ineligible) stocks (see Test 2A in Section II), we test two views of how crises spread:
fundamental-based versus investor-induced. We thank one of the participants at the AFA 2003

winter meetings in Washington, DC, for bringing this to our attention.



would be interesting to test.

The remainder of the paper is organized as follows. Section I presents the hy-
potheses we consider and the methodologies we use to construct our tests. Section
IT describes the data and the summary statistics of the index returns (separately for
investable and non-investable stock index returns). This section also compares the
industry and market microstructure characteristics of investable and non-investable
stocks. Section III discusses tests results and the hypotheses laid out in Section I.

Section IV concludes.

I. Methodology

To gauge the cross-market transmission mechanism of financial crises, we employ
two different methodologies: regime-switching model and exceedance correlation.
These methodologies are used to calculate the co-movements of index returns and to

test our hypotheses on the transmission mechanism of crises.

A.  Test Hypotheses and Statistics

We first describe our hypotheses on the transmission mechanism of crises as a
series of tests and spell out the corresponding test statistics.

Our first test is a test for contagion. We estimate co-movement measures (p)
between the crisis country’s total market index returns with another country’s total
market index returns (indexed by T'), investable index returns (indexed by I), and
non-investable index returns (indexed by N) during the stable and crisis periods. We
compare correlation differences between stable and crisis periods. If contagion exists,
no matter what the transmission mechanism is (investor-induced or fundamental-
based), then the investable stock index returns should have a greater co-movement
with the crisis country market index returns during the turmoil period. Therefore,
the relevant test statistic for existence is the difference in correlations across peri-
ods between the crisis country’s total market index returns and another country’s
investable index returns (indexed by I), both in U.S. dollars. We also perform this

test using index returns denominated in local currencies. The co-movement of index
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returns in local currencies represent the portion of co-movement that excludes effects

from currency fluctuation.

Test 1 (Existence of stock market contagion) If stock market contagion exists, co-

movement is higher during the turmoil period for investable index returns (I ).

71 - HO * PI, turmoil — PI, stable S 0

Hl * PI, turmoil — PI, stable >0

For the implementation of this test and those below, we use one-sided tests where
the alternatives support our hypothesis. To summarize the results across countries,
we use the nonparametric sign test to compare the number of positive and negative
differences to determine which sign is more likely overall.

Our second set of tests is a test of how crises spread: through changes in coun-
try fundamentals or through investor constraints (both portfolio re-balancing and
wealth constraints). For this test, we first compare how the crisis affects the index
of investable stocks to how the crisis affects the index of non-investable stocks. By
the argument from the simple thought experiment described earlier, if crises spread
through correlated fundamentals, the effect on investable returns should be the same
as the effect on non-investable returns. In other words, investable co-movements
should not be significantly higher than non-investable co-movements. A finding of
significantly higher co-movements for investable returns during the turmoil period
will reject the fundamental-based hypothesis and indicate that contagion is investor-
induced. Similar to the first test, we also perform this same test with index returns

in local currencies.

Test 2 A (Fundamentals vs. Investor-Induced Hypothesis) If stock market crises
spread due to investor constraints rather than fundamentals, the correlation in-
crease during turmoil periods is more pronounced for investable returns than for
non-investable returns.

T2 — A - Ho : (pL turmoil — PI, stable) - (pN7 turmoil — PN, Stable) <0

Hl : (PI, turmoil — PI, stable) - (PN, turmoil — PN, stable) >0

11



Furthermore, the investor-induced contagion hypothesis also predicts that within
a country, movements of investable stock returns should lead movements of non-
investable stock returns through local investors’ constraints (either due to portfolio
re-balancing needs or wealth constraints) during market downturns. In other words,
if external shocks spread through investors, then investable stocks should respond
first and lead the non-investable stocks. In order to test the lead and lag relation-
ship between investable and non-investable returns for each country, we compare
the cross-autocorrelation between investable and non-investable returns as in Camp-
bell, Lo, and MacKinlay (1997) in their comparison between large and small size
stocks. Higher correlation between non-investable returns and lagged investable re-
turns (than correlation between investable returns and lagged non-investable returns)

suggests that investable returns lead non-investable returns.

Test 2 B (Fundamentals vs. Investor-Induced: Lead-Lag) If stock market crises
spread due to investor constraints rather than fundamentals, the effect first appears

in the investable stock index, followed by the non-investable stock index.

Hy : t— - t— <0
T2 — B 0% Plt,e = PhyNea where I, denotes the investable stock

Hy:pn N, —poN, >0
index return at time t, and Ny denotes the non-investable stock index return at time

l.

Our third test is a further test of how crises spread: due to either portfolio re-
balancing or wealth constraints. We first test to see whether market co-movements
are symmetric in extreme market upturns and downturns. If crises are transmit-
ted due to investors’ portfolio re-balancing needs, market co-movements should be
symmetric in extreme market upturns and downturns. On the other hand, if crises
are transmitted due to investor wealth constraints, market co-movements should be
greater in extreme market downturns than market upturns. A test of whether mar-
ket co-movements are symmetric or not at extreme tails allows us to distinguish
these two hypotheses. More specifically, we estimate and compare co-movements at
two extreme tails: jointly positive, denoted by (+4), and jointly negative, denoted by
(—). If the cross-market linkage is through investor stock ownership, the relevant

test statistic is the co-movement difference for investable index returns. Despite the
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similarity of this set to Test 1, there is one important difference: Instead of com-
paring co-movement between the turmoil period and the stable period, we compare

correlations at two extreme tails: extreme market upturns (+) and downturns (—).

Test 3 A (Portfolio Re-Balancing vs. Wealth Constraints) If stock market crises
are spread by constraints such as investor wealth constraints rather than the need for
portfolio re-balancing, co-movement is higher during extreme market downturns than

upturns, especially for investable stock index returns.

H, : _y — <0
T3 - A: 0°PLE) T PLH =

Hy:pr -y —pr+) >0

Alternatively, we test this by analyzing the co-movement between the stock and
the government bond markets during crisis and non-crisis periods. If there are in-
creased portfolio re-balancing activities during the crisis period, the correlation be-
tween risky (i.e. stock) and safe (i.e. government bond) should be smaller (and
may even be negative) than in the stable period. This is due to “flight to quality”:
investors re-allocate investment to safer assets and cause the prices of safe assets
such as government bonds to increase. On the other hand, if during crisis peri-
ods, investors are wealth constrained, we would observe depressed prices in the risky
and the corresponding safe asset in each country, i.e., increased correlations between
safe and risky assets during crisis periods. This is because foreign investors have to
liquidate safe assets to cover their loss in risky assets. We estimate co-movement
measures (p) between the country’s stock market index returns (either investable
or non-investable) with the country’s government bond market index returns (in-
dexed by B) during the stable and crisis periods. We compare correlation differences

between stable and crisis periods.

Test 3 B (Portfolio Re-Balancing vs. Wealth Constraints: Bonds) If stock market
crises are spread by constraints such as investor wealth constraints rather than the
need for portfolio re-balancing, co-movement between equity market and bond market
18 higher during crisis.
T3 B Hy : pB, turmoit — PB, stable > 0
Hy 2 pB, turmoit — PB, stable < 0
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The rest of this section describes in detail the methodologies we employ to esti-

mate the co-movement (p).

B. A Dynamic Model of Correlation: Regime-Switching Model

Our first methodology of estimating the correlation between asset returns is to
specify a dynamic model of stock returns that captures the potential differences in
the co-movements of asset returns. We estimate a parametric model of the joint
data-generating process that allows for endogenous structural breaks, but also nests
a simple model with fixed moments. We then determine if the joint distribution
changes between regimes by testing the differences in estimated parameters.

The model is the regime-switching model where the unobserved state variable
is assumed to follow a Markov process. Regime-switching models have been found
to successfully exhibit important features of the correlation dynamics of financial
time series (Ang and Chen (2002), Gibson and Boyer (1997)). We model the data
generating process of four time-series: the total returns of the crisis source coun-
try, investable and non-investable returns of another country, and the world index
returns.

The unobserved state variable in our model, s;, is allowed to take on one of two
values, s; € {1,2}. Conditional on being in state s, returns are assumed normally
distributed,

(vdsi = 5) ~ N (as, 5,) (1)
where r; is a 4 x 1 vector of index returns realized at time ¢ and t ranges from 0 to
T, ay is a vector of expected returns, and X, is a 4 x 4 covariance matrix. Let 1
incorporate all information at time . The unobserved state variable s; defines the

regime at time ¢ and is assumed to follow a two-state Markov process:
P (sy =b|py—1) = P (s; = blsy—1 = a) = pa (2)

where a,b = 1,2 thus resulting in a 2 x 2 transition matrix. For any two indices
out of four (crisis, world, investable, and non-investable), let o;; ; be the covariance

between index ¢ and index j given s; = s (an element in 3;):
0ijs = Cov(rit, Tji| sy = 5) (3)
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where 7 is the return for index . In addition, to clear up ambiguity in the definition
of states, let s, = 1 be the regime in which estimated volatility for the crisis index
is higher. The correlation estimate p;; s between r;; and rj given state s, = s is as

follows:
Oij,s
Pijs =~ (4)

\/O-ii,so'jj,s.
Once we have estimates of X, for each state, the test for contagion is a test for a

significant increase in the correlation in the crisis period.

B.1. Two-Step Estimation

The parameters of the regime-switching model are estimated using a two-step
estimation process.' In the first step, we define the two regimes (volatile and stable)
by estimating a regime-switching model using two index returns: the crisis country
index return and the world index return.!® The crisis country index helps associate
the regimes with a particular financial crisis; while the world index allows for a clearer
distinction between the regimes by helping to define the high volatility regime as
a regime of high global volatility rather than country-specific volatility. Maximum
likelihood estimates of the model parameters, including the elements of the transition
matrix, are obtained using the approach discussed in Hamilton (1989), and robust
standard errors are generated using the method of White (1980). This involves
estimating a total of 13 parameters: two vectors of means (each with two elements),
two covariance matrices (each with three unique elements), the two diagonal elements
of the transition matrix, and the initial state probability.

Once we obtain the parameters that define the two regimes, we estimate the
probability of being in the high volatility (correlation) regimes using an algorithm
developed by Kim (1994) and discussed in Hamilton (1989). This algorithm provides
an estimate of P(s; = a|¢r) under the model assumption described above, where ¢p

is all information at last period, T. That is, we are able to estimate the probability

15We have revised the estimation method to maintain the same endogenously specified regimes

across all countries.
16 Adding U.S. index return to define the regimes yields similar results. We thank our anonymous

referee for this suggestion.
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of being in a state a given all information of the entire sample. Hamilton (1989)
estimates smoothed inferences using data on GNP growth to determine time periods
of economic recession. Hence, the regime switching model estimated in this paper
not only provides us with a basis to test the existence of two separate regimes,
but also allows us to objectively distinguish the time periods that are more likely
representative of a crisis (or stable) regime.!”

In the second step, we estimate parameters of a regime-switching model of the
five index returns: the crisis country index return, the investable and non-investable
index returns of another country, the world index return, and the U.S. index return
conditioned on the estimated first-step parameters'® The second step parameters are

estimated using conditional maximum likelihood. The asymptotic variance of the

second-step parameter (Murphy and Topel, (1985)) is:
S = Vs + Vo [CViC' — RViC' — CViR V (5)

and the asymptotic covariance between the first-step parameters (6 ) and second-step
parameters (6y) is:
Y12 =ViRVy = V1OV, (6)

where V] is the asymptotic variance of the first-step parameters based on the first
likelihood function, In(Ly); V5 is the asymptotic variance of the second-step parame-
ters (0y) based on the second likelihood function conditioned on first-step parameters
In(Lsy|6,), and C' and R are expected cross derivatives. For details, see Appendix A.

In addition, it is of particular interest to determine the extent to which the
dollar-denominated correlations among the international indices studied in this paper
are driven by correlations in exchange rates. To control for currency fluctuations
(in other words, increase or decrease in co-movement due to changes in exchange
rates), we use local currency denominated returns in our estimation. We re-estimate

the second step, a regime-switching model of five index returns: the crisis country

7In the earlier versions of this paper, we estimated a separate four-variable regime-switching
model for each country, with the crisis country, as a one-step process. The average regime proba-

bilities obtained from that approach are very similar to the regime probabilities of this approach.
18The second stage estimation using four index returns, excluding the U.S. index return, yields

similar results.
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index return, the investable and non-investable index returns of another country, the
world index return, and the U.S. index return conditioned on the estimated first-step
parameters. The difference in this model is that the crisis country, investable and
non-investable index returns are all denominated in their local currencies.

We also observe the effect the crisis have on the government bond market. With
portfolio re-balancing, investors would re-allocate between risky assets (investable
and non-investable stocks) and safer asset (government bonds). Here, we re-estimate
the second step to be a regime-switching model of three index returns: the investable
and non-investable returns and the government bond index return of that country.
If investors tend to re-balance their portfolios during crisis, by shifting from risky
assets to safer ones, prices of bonds would increase and bond index return would
increase. If investors tend to be wealth-constrained during crisis, so that they shift
from safer asset to cover their positions in risky assets, prices of bonds would decrease
and bond index return would decrease. Therefore, portfolio re-balancing would be a
decrease in positive correlation or more negative correlation, while wealth constraint

would be an increase in positive correlation or less negative correlation.

B.2. Currency Decomposition

In our analysis, we estimate co-movement with index returns denominated in
U.S. dollars and separately in local currencies. We show in this section that co-
movement of index returns in local currencies represent the portion of co-movement
that excludes effects from currency fluctuation.

For any two countries, the log US dollar return can be written as

*
TA4+1 = TAer1 — Agats (7)

%
B+l = Tpiy1 — AQB,H—I

where 7,4, is the log US dollar return, r;,; is the log return in terms of foreign
currency, q;+1 is the log exchange value of US dollars in terms of the foreign currency,

and A denotes a first difference. The covariance between 74441 and rp 41 is therefore

Covlra,rp] = Covlry, rg] — Covlrly, qp] — Covlry, qa] + Covlga, gs].
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Therefore, co-movements in terms of correlations of returns denominated in dollars

can be decomposed into the following four components:

Covlrirs)  Covlriyasl  Covlrip,aa) | Covlaa,as)

(8)

plra,rs] =
0AOB 0AOB 0A0B 0AOB

JAOB, AOB 0A0B

.

_ « 410408 T 0404 o 0B0ga 0AO0qp
= I T (gl sl P i 0 7 plan, 0502 )

J/

vV Vo
Local Stock Market Shock Exchange Rate Shock

where the first term represents the effect on the co-movement due to local stock
market shock and the remaining terms represent the effect on the co-movement due
to exchange rate shock. The objective has been to estimate the first term:

P[TZ, TB]
OA0RB

since this is the only term in the above correlation equation that is not influenced
by any exchange rate. By decomposing the co-movements, we assess the relative
importance of local stock market shocks and exchange rate shocks in influencing the
co-movements.

It is of particular interest to determine the extent to which the dollar-denominated
correlations among the international indices studied in this paper are driven by
correlations in exchange rates. As such, we re-estimate our models (second step)

using index returns defined in terms of the local currency.!”

C.  FExceedance Correlation

An alternative estimate of correlation between returns is obtained from the ex-
treme tails of the joint distribution. We estimate the extreme tails of the joint
distribution using extreme value distribution methodology as in Longin and Solnik
(2001). This method is attractive in that we do not need to specify a joint distri-
bution function and do not need to define a crisis period. Instead, we rely strictly
on the tail distribution, which is a non-degenerate limit distribution that converges

to a generalized Pareto distribution, regardless of the underlying joint distribution.

9Work is in progress.
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This enables us to estimate the correlation without enforcing the underlying joint
distribution of returns to be normal. The result is also robust for non-i.i.d. returns.
In addition, this methodology allows us to distinguish the differences in correlation
during market upturns and downturns within periods of high volatility.

We estimate this limiting distribution to characterize the exceedance correlation
between returns of the crisis country and another country for the two tail ends of the
joint distribution function: positive tail (for jointly positive returns or bull market)
and negative tail (for jointly negative returns or bear market). If the joint distri-
bution is indeed a bivariate normal, the exceedance correlation is asymptotically
independent, which means that for high values of threshold (away from the mean),
the exceedance correlation will tend to zero, symmetrically in both tails. In their
study of correlations between equity markets, Longin and Solnik (2001) find decreas-
ing exceedance correlation in the bull market (positive tail) and increasing or flat
exceedance correlation in the bear market (negative tail), thus providing evidence
for asymmetry. Here, in addition to estimating the exceedance correlations of inter-
national equity markets at both tails, we estimate separate correlation measures for
the investable and non-investable portions of the markets, to see if the asymmetry
also appears at the disaggregate level.

Following Ledford and Tawn (1997) and Tawn (1988), the joint tail distribution
is as follows:

-1 -1 -1
F* Ty) = -D 9
(#1,22...20) exp{ (logﬂm(%)’ logFy" (x2)’ l‘)“ﬂ’ﬂqm@q)ﬂ o

where D() is some selected dependence function and Fj"() is the marginal distribu-
tion of the jth variable:

Fr(e) = (1— )+ A, (1 + M) " (10)

of N

with A; as the tail probability. The marginal distribution combines two parts: prob-
ability (1 — \;) that the observation is not in the tail and probability A; that the
observation is in the tail and represented by the limiting tail distribution. In the mul-
tivariate case, although the limiting marginal distributions are known to be Pareto,

the dependence function is not known and has to be chosen. We use the most widely
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used dependence function, which is the equal-weighted (symmetric) logistic function:

—1/a

D(z1,29...24) = (% e

+ 2, _|_..._|_Zq—1/0¢)06 (11)

where the dependence parameter is a, 0 < o < 1. With only one parameter to
estimate, this dependence function is simple and tractable. Furthermore, with this
dependence function for ¢ = 2, the measure of exceedance correlation is 1 — o2,
which is also very simple to compute. We proceed with this dependence function to
estimate the correlation between markets. With the symmetric logistic dependence
function, the bivariate tail distribution has seven parameters: two tail probabilities
(A), two tail indices (£), and two dispersion parameters (o) and parameters from the
dependence function, which in this case is one («). See Appendix B for details.

We estimate parameters of the bivariate extreme value distribution by maximum
likelihood, assuming independent observations. The likelihood function for each ob-
servation is one of the four functions, determined by whether the pair of observations
each satisfy the threshold condition, # > 6 for upper tail exceedance (and = < 6,
for lower tail exceedance). The details on the construction of the likelihood function
can be found in Prescott and Walden (1980), Ledford and Tawn (1997), and Lon-
gin and Solnik (2001) and it is straightforward to implement. We use asymptotic
properties of the maximum likelihood estimator to obtain our parameter covariance

matrix, and perform inference based on asymptotic normality.

I1. Data

This section offers a discussion of the data. Our analysis requires two types
of stock index returns for each country: returns for investable stocks and for non-
investable stocks. In developed financial markets, such as the U.S., practically all
stocks are accessible to both foreign and local investors, so that the entire market
is investable. However, in many emerging markets, some stocks are only accessible
to local investors. Section A discusses the size of the market and the corresponding
foreign ownership. Section B explains the construction of the index returns for
these two categories. Section C explains the bond data. Section D compares the

characteristics of the firms that are designated investable and non-investable. Section
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E describes the overall sample correlation between investable and non-investable
stock index returns for each country.

We use two sources of financial market data for this paper: International Finance
Corporation’s (IFC) Emerging Markets Data Base (EMDB) and Datastream. Table
1 reports the size of the markets for the 31 emerging market countries and the
16 developed countries, measured in total market capitalization in millions of U.S.

dollars at year-end, 1997.

A.  Foreign Ownership

Table 1 also reports the size of U.S. ownership both in millions of U.S. dollars,
from U.S. Treasury.?’ By computing the U.S. ownership as a percent of total market
capitalization, we find that although only a small fraction of U.S. investment capital
is invested in a foreign stock market, this small fraction account for a large fraction
of market capitalization in this foreign market. In any market, especially in emerging
markets, the fraction of market held by foreign investors is substantial. To get an
idea of the magnitude, in 1996, if U.S. equity investors invest 0.9% of their equity
market capitalization in Korea, they would take over the Korean stock market; if
they put this 0.9% in Thailand, they would be more than taking over the market
there; (Korea equity market capitalization is only 0.9% of the U.S. equity market
capitalization, Thailand is 0.7%, and Argentina is 0.9%.)

B.  Inwestable and Non-Investable Stock Index Returns

In the EMDB, IFC provides two stock market index series for each emerging
market: IFC Global (IFCG), representing the total market,?! and IFC Investable
(IFCI), consisting of firms that are designated to be investable. Both IFC index
series are dividend-inclusive and available in U.S. dollars or in local currency. The

IFC selects stocks for inclusion in its IFCG index by reviewing the trading activities

207U.S. Treasury Department, Table 1 of http://www.ustreas.gov/tic/fits.html
21The totals reported for the emerging market countries are the totals in IFC Global index and

are not totals of all stocks.
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and targets market coverage of 60 percent to 75 percent in market capitalization.??
The stock returns included in the IFCI index consist of a subset of firms that are in
IFCG, and selection for this subset is a three-step process. First, the IFC determines
which securities may be legally held by foreigners.?®> Next, the IFC applies two
further screening criteria for practicality of investment. The first criterion screens
for a minimum investable market capitalization of $50 million or more over the 12
months prior to a stock’s addition to an IFCI index. The second criterion screens
firms for liquidity. A stock must trade at least $20 million over the prior year for
inclusion in an IFCI index, and also must have traded on at least half the local
exchange’s trading days. Thus, the IFCI index is designed to measure the composite
stock market index of what foreign investors might receive from investing in emerging
market securities that are legally and practically available to them (IFC 1999).
Since IFC does not provide an explicit series for non-investable stocks (IFCN),
we construct the index return using the global (IFCG) and the investable (IFCI)

series of index return (R) and market capitalization (M) as follows:

Mirca X Rirca — Mirer X Rrpcr
(Mrree — Mirer)

The stocks in the global index that are not in the investable stock index are desig-

Ripen = (12)

nated to be non-investable. We henceforth refer to the two stock index returns as

investable return and non-investable return.?*

22The IFC trading criteria are as follows: Any share selected must be among the most actively
traded shares in terms of value traded; must have traded frequently during the annual review
period (i.e., one large block trade might skew the value traded statistics); and must have reasonable
prospects for a continued trading presence in the stock exchange without imminent danger of being
suspended or de-listed. Stocks are selected in the order of the trading criteria until the market

capitalization coverage target of 60 percent to 75 percent of total market capitalization is met.
23The first legal test of a stock’s investability is to determine whether the market is open to

foreign institutions. IFC determines the extent to which foreign institutions can (1) buy and sell
shares on local exchanges, and (2) repatriate capital, capital gains, and dividend income without
undue constraint. The second legal test is to determine whether there are any corporate bylaw,

corporate charter, or industry limitations on foreign ownership of the stock.
24For precision, the non-investable index returns are calculated for observations for which the

non-investable portion of the total market capitalization is greater than 0.01%. When the fraction
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For the developed countries, we treat all stocks as investable. We use the U.S.
dollar-denominated country index returns from Datastream (Datastream Total Mar-
ket Index) as the investable index for these countries. The returns are calculated as
the first difference of the natural logarithm of the prices. Friday prices are used for
the weekly returns.?®> We also use the Datastream World Market Index in weekly
frequency as a measure for the overall world market in our estimation of the regime
switching model.

We have 730 observations of weekly (Friday-to-Friday U.S. dollar returns) data
for the period January 1989 to December 2002, for both EMDB and Datastream
data, with the summary statistics in Table 2A.

The percent of market capitalization attributed to non-investable firms varies
greatly across countries. The average, weighted by total market capitalization, is 45%
in 1994 and declines to 20% in 1999 as shown in Table 3. From 1994 to 1999, some of
the countries with consistently high non-investable percentages are in Asia: China,
Sri Lanka, India, Taiwan, and Thailand. Outside Asia, other countries with high non-
investable percentages are Czech Republic, Jordan, and Zimbabwe. The emerging
market countries with low non-investable percentages are Argentina, Mexico, Peru,
Malaysia, Greece, South Africa, and Turkey.

We also use the stock level data from EMDB, in monthly frequency, from 1989
to 2002. IFC assigns a value ranging from 0 to 1 to each stock, representing how
accessible a firm is to foreign investors (“degree of open factor”). When this degree
of open factor is 1, the stock of the firm is completely investable (accessible to
foreigners); at 0, the stock of the firm is completely non-investable (inaccessible) to
foreigners. At the end of 1994, we have data on 1505 stocks across all emerging
market countries, with 480 completely investable, 534 completely non-investable and
491 in between. At the end of 1997, there are 2005 stocks, with 535 completely

investable, 581 completely non-investable and 889 in between.

of non-investable is extremely small, the precisions of the global and investable returns are not
sufficient for accuracy. This criterion was sufficient in deleting most of the very large returns for

weekly frequency data.
251f Friday observations are not available due to closings or insufficient data, we use Thursday

observations.
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Note that the degree of investor accessibility may not be a good proxy for the
degree of actual foreign ownership - a stock that is designated as investable may or
may not be owned by foreign investors. If the measure of investability overstates for-
eign ownership, there will be a bias against finding any systematic difference between
investable and non-investable stocks. In other words, our estimated differences in
co-movements are conservative measures of the more pronounced actual differences

that would be found if exact investor ownership were known.

C. Bond Indez Returns

Ideally to test for “flight to quality,” we need returns on the safest asset in a
country. In most cases, the safest asset in a country is the government bonds with the
shortest maturity. An example is the 3-mont T-bill in the United States. However,
bond index data for emerging market countries are notoriously difficult to obtain.
For 21 of our emerging market countries, we are able to obtain the weekly returns
for the bond index, EMBI (Emerging Market Bond Index), from JPMorgan-Chase.
The duration for most EMBI index, however, is about five years. To maintain the
consistency of our analysis, we also choose to use 5-year bond index returns for 13
developed countries. The source for developed country bond data is Datastream.
Summary statistics for the weekly (Friday-to-Friday returns) data for the period
January 1994 to December 2002 is in Table 2B.

D.  Characteristics of Investable and Non-Investable Firms

In order to compare the impact of crises on the emerging market’s investable index
and non-investable index, it is necessary to understand the differences in the sets of
firms that comprise the indices. Our test of the investor-induced contagion hypoth-
esis against the correlated country fundamental hypothesis requires the assumption
that investable firms share similar cash-flow fundamentals with non-investable firms.
That is, investable and non-investable firms differ primarily in investor holdings. To
explore structural differences that may affect our results, we examine the character-

istics of investable and non-investable firms. In these comparisons, investable firms
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are those with a degree of open factor equal to one, while non-investable firms are
those with a degree of open factor equal to zero.26

One concern in our comparison is that the difference in co-movement may be due
to the fact that non-investable firms are in different industries from investable firms.
In particular, tradable sectors are more vulnerable to exogenous shocks originated
elsewhere in the world. Table 4A compares the distribution of investable firms with
non-investable firms among industries during the sample period (1989-2002).27 Tt
shows that investable firms feature more in the Finance, Insurance, and Real Estate
sector (a predominantly non-tradable sector), while the non-investable firms feature
more in the Manufacturing sectors (a predominantly tradable sector). If investable
firms are more concentrated in the tradable sectors (such as in the manufacturing
sector), the higher correlation can be caused by external shocks to tradable firms’
balance sheets (since these firms have a higher § with global portfolio). This is
disputed by the data because non-investable firms are more concentrated in the
manufacturing sector.

As an additional check, we consider the change in distribution of investable and
non-investable firms over time. In Figure 1, we compare the distribution of investable
and non-investable firms at beginning of years 1994, 1996 and 1997, using firm-level
data for December of the previous year (e.g. December 1993 data for 1994).2® We
find that the distribution are similar across years. For example, if we compare the
manufacturing sector, the percentage of firms in that sector is 39.0% in 1994, 39.1%
in 1997, and 39.5% in 1998 for investable firms, and it is 50.4% in 1994, 49.0% in 1997,
and 49.5% in 1998 for investable firms. In Table 4B, we compare the distribution
of firms that switch accessibility during the sample period (1989-2002), either from
accessible to inaccessible or from inaccessible to accessible. These two distributions
are both very similar to the overall distribution in Table 4A, implying that the

changes in the accessibility occurs similarly across the sectors.

26For the comparisons in this section, we do not include firms with the degree open factor between

zero and one.
2TWe get similar distributions using any subset of data, for example 1994-2001, as was in our

previous version of this paper.
280ther years are not shown but the figures are similar for all of the years.
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Overall, there is no significant difference in the distribution of investable firms
with non-investable firms among industries. Bae, Chan, and Ng (2002) also find no
pronounced variation in the investability across industries. Therefore, any differences
we find in correlations cannot be attributed to sector differences in investable and
non-investable firms.

To determine if there are any other differences between the two sets of firms,
investable vs. non-investable, we compare two market microstructure characteristics
of the stocks: size (market capitalization as a fraction of total market capitalization)
and liquidity (ratio of value-traded to market capitalization). Table 5 reports the
one-sided test of the means to see if the average size or liquidity is significantly higher
for completely investable firms than completely non-investable firms. We conduct
this test using January data for 1994 (the year of Mexican crisis), 1997 (the year of
Asian crisis), and 1998 (the year of Russian crisis) respectively. In 1994, out of 16
countries for which comparison was possible, we find that average liquidity for in-
vestable firms is significantly greater in four countries (Mexico, Venezuela, Pakistan,
and South Africa) and average size is significantly greater in seven countries (Colom-
bia, Peru, Pakistan, Sri Lanka, Czech Republic, Greece, and Hungary). In 1997, out
of 16 countries, average liquidity for investable firms is significantly greater in four
countries (Mexico, Venezuela, Pakistan, and Czech Republic) and average size is sig-
nificantly greater in six countries (Colombia, Peru, Venezuela, Pakistan, Sri Lanka,
and Hungary). In 1998, out of 19 countries, average liquidity for investable firms is
significantly greater in three countries (Colombia, Mexico, and Czech Republic) and
average size is significantly greater in seven countries (Mexico, Venezuela, Pakistan,
Sri Lanka, Hungary, Slovakia, and Egypt).?? Our findings of average liquidity across
two types of firms are similar to those of Bae, Chan, and Ng (2002): Average liquid-

ity of investable stocks is not significantly greater than that of non-investable stocks;

29The monthly EMDB stock-level data used in this analysis contain more stocks than are con-
tained in the Global index. At the index level, the difference in liquidity and size between investable
and non-investable may be even less pronounced, because liquidity and size are in the criteria for
selecting stocks into the indexes (which includes both investable and non-investable stocks). Given
that our hypothesis tests are conducted at the index level, the less pronounced differences in market

microstructure characteristics lead to a lesser concern.
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but they found that the average size of investable stocks is significantly higher than
that of non-investable stocks.?® Large exogenous shocks generally have a smaller
impact on large stocks. From this perspective, investable stocks are less susceptible
to external shocks, and, hence, we may expect their co-movements to change less
during crises. Therefore, any finding of increased co-movements for investable firms
during crises cannot be due to size. Furthermore, since cash flows of investable firms
are similar to cash flows of non-investable firms, a finding of higher cross-country
co-movements for investable stocks during crises would reject the correlated country

fundamental hypothesis.

E.  Sample Correlations: Investable vs. Non-Investable

Our methodology tests whether the co-movements of investable returns and cri-
sis country index returns are significantly higher than the co-movements of non-
investable returns and crisis country index returns. For this methodology to be
meaningful, investable and non-investable returns should be different and not highly
correlated. In Table 2A, we show that investable returns are not identical to non-
investable returns. The sample correlations between investable and non-investable
returns for each country also are reported in the right-most column. The average
sample (contemporaneous) correlation between investable and non-investable returns
is 0.651 and all of the sample correlations are positive. The countries with especially
high positive correlations (over 0.9) are India, Korea, Malaysia, Taiwan, Thailand,
and Jordan. We are cautious in interpreting the results for these high correlation
countries. Other moderately high correlations are in Brazil and Philippines. The
low correlation countries are China, Slovakia, and Turkey. We conduct all analyses

at the weekly frequency to avoid market microstructure complications that appear

30Chari and Henry (2003) found the opposite results (they found higher liquidity for investable
but no difference in size between investable and non-investable stocks) using data before stock
market liberalization dates. Bae, Chan, and Ng (2002) conduct the analysis on liquidity and size
using the whole EMDB data sample (1994-2001), and we conduct the analysis using January of
crisis years: Mexico (1994), Asia (1997), and Russia (1998).
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in daily level data.?!

III. Contagion in the 1997 Asian Crisis

We consider the 1997 Asian crisis as our empirical analysis of transmission mech-
anisms of crises. As stated in Forbes and Rigobon (2002), there were multiple events
behind this Asian financial crisis, beginning with the Thailand stock market crash in
June, the Indonesian market crash in August, and then the Hong Kong market crash
in mid-October. As a benchmark case, we first adopt Forbes and Rigobon’s definition
of the Asian crisis, using the Hong Kong equity market as the source of contagion.
We use the measures of co-movement described in the previous section: from the
regime-switching model estimation and from exceedance correlation estimation. For

comparison, we then consider Thailand as the source of crisis.

A.  Test 1: Fxistence of Stock Market Contagion

To test for the existence of stock market contagion, we examine whether there are
any increases in correlation from the stable regime to the crisis regime. We measure
the increase in correlation between all three index returns (investable index returns,
total market index returns, and non-investable index returns) and the crisis country
returns. If the cross-market linkage is through investor ownership, the correlation
change between investable index returns with the crisis country index returns is the
most relevant.

We analyze a regime-switching model where volatile and stable periods are es-
timated rather than exogenously specified. Note that high volatility regimes may
not be limited to the periods surrounding the Asian crisis. For emerging market
economies, we report test results with Hong Kong as the crisis source country in Ta-

ble 6A, and with Thailand as the source country in Table 6B. Table 6C reports test

31In addition to positive contemporaneous correlation with weekly data, we also find but do not
report that contemporaneous correlations are positive and negative with daily data. This pattern
is recognized as a market microstructure effect in the literature (Campbell, Lo, and MacKinlay
(1997)). Moreover, another market microstructure issue is that daily market closing prices are

non-synchronous across the globe.
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results for developed countries. For each country in the tables we separately estimate
the parameters of the regime switching model outlined in Section I.B. Since we are
mainly interested in the change in volatilities and correlations across regimes and
disaggregate index returns, we report only differences in these estimated moments
and do not report levels. In what follows, we first discuss results using Hong Kong
as the crisis country, and then discuss results using Thailand as the crisis country.3?
Changes in volatility have been annualized by multiplying by v/52.

The crisis regime is defined as the state with higher volatility in the crisis country
index returns. In Table 6A, among the 30 emerging market countries, the differences
in volatility (column Volatility) are positive in 28 countries for investable returns (9
statistically significant at five percent) and in 23 countries for non-investable returns
(5 statistically significant at five percent). In Table 6C, the differences in volatility
when Hong Kong is used as the source country are positive and significantly positive
at five percent for all but Japan and U.S. This positive increase in volatility with
investable returns and non-investable returns is evidence for the existence of a crisis
regime during the sample estimation period.indices: crisis country, world market,
investable and non-investable in this regime.

We test for the existence of contagion by determining if the correlation with the
crisis country increases during the crisis period. In Table 6A for investable returns,
26 of 30 countries show increases in correlation with the Hong Kong index returns
during the crisis period (column Corr C). Of these increases, 7 are significant at
the five percent level. For non-investable returns, 19 countries show increases in
correlation with Hong Kong stock market index returns, and of these increases, 4
are significant at the five percent level. The sign test rejects the null that there are
no increases in correlation with the crisis country for investable returns but not for
non-investable returns at five percent significance level.

It is also interesting to look at increases in correlation with the world index and
the US index. In Table 6A for investable returns, 28 of 30 countries show increases

in correlation with the world index returns during the crisis period (column Corr

32Full set of parameter results, as well as our original results from estimating a regime switching

model for each country paired with the crisis country, are available from the authors upon request.
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W). Of these increases, 7 are significant at the five percent level. For non-investable
returns, 26 countries show increases in correlation with the world index returns,
and of these increases, 5 are significant at the five percent level. Similar results are
obtained for correlations with the US index. The sign test rejects the null that there
are no increases in correlation with the world index for both investable returns and
non-investable returns. The slightly stronger evidence for increases in correlation
with the world index returns seems to suggest that the increase in correlation with
Hong Kong index returns is due to the increased correlation with the world index
returns. Alternatively, we consider Thailand as the possible source of the contagion,
with the direction of contagion being from Thailand to Hong Kong, and not vice
versa.

Figure 2 is a graph of time-series of the stock index returns for some Asian
countries from January 1997 to December 1997. It shows that the volatile period
started much earlier than October 1997. According to Nouriel Roubini’s account of

the Asian Crisis and its global contagion,

July 2 - The Bank of Thailand announces a managed float of the Baht
and calls on the International Monetary Fund for “technical assistance.”
The announcement effectively devalues the Baht by about 15-20 percent.
It ends at a record low of 28.80 to the dollar. This is a trigger for the

Asian crisis.33

Radelet and Sachs (1998) also document that the Thailand crisis started with this

14

devaluation: . the Thai Baht devaluation triggered the capital outflows from the
rest of Fast Asia.” Given the consensus in the literature that the triggering event
started on July 2, we modify the regime switching model by redefining the crisis
country to be Thailand.?*

Results from estimating the regime-switching model using Thailand as the crisis
country are reported in Table 6B. Again we find that volatilities of investable and

non-investable returns are significantly higher in the crisis regime, the state in which

33 http://www.stern.nyu.edu/nroubini. /asia/AsiaChronology1.html
34Baur (2003) also shows evidence of Thailand shock transmitting volatility to other countries in

between July and September, prior to the Hong Kong shock in October.
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estimated index return volatility of the crisis country, Thailand, is higher at five
percent significance level. The pattern of increased correlations with the Thailand
stock market index returns and the world index returns during the turmoil regime
is also similar to what we find when we use Hong Kong as the crisis source country.
The statistically significant increase in correlation with Thailand stock market re-
turns during the volatile regime is more pronounced in investable index returns (14
countries) than in non-investable index returns (5 countries). For investable returns,
a total of 11 countries show a statistically significant increase in correlation with the
world index returns (column Corr W). For non-investable returns, 5 countries show
statistically significant increase in correlation with the world index (column Corr

The above results indicate that, in general, periods of high volatility are associ-
ated with periods of high correlation. Moreover, in the case of emerging markets,
high correlation is especially characteristic of the investable indices. In Figure 3, we
plot the probability of being in the high volatility (correlation) regime across time.
These are estimates of smoothed inferences (Kim 1994) using Hong Kong as the crisis
country in one and using Thailand as the crisis country in another for a sub-sample
period from January 1996. In Hong Kong (Figure 3A), the probability of being in
the high volatility (correlation) regime jumps from near zero to near unity during
1997. The probability increases from sub-ten percent in May and June of 1997 to
100 percent in November 1997, in three jumps: first in July, then September, and
then finally in November. The downward spikes during 1997 measure at near zero
percent in August and three to four percent in October. From November, 1997, the
probability of being in the crisis regime is between 70 and 100 percent until Febru-
ary 1998. In Thailand (Figure 3B), the probability of being in the high volatility
(correlation) regime jumps dramatically from near zero to near unity slightly earlier
in 1997, in May. Then, it stays near 100 percent level for a longer duration, only
dipping down to 80 percent in April 1999. In comparing Figures 3A and 3B, we note
that the crisis regime begins much earlier for Thailand, and the regime probabilities
graph is much smoother (hence the two regimes are more clearly defined) for Thai-

land. In contrast to these results, Forbes and Rigobon (2002) narrowly define their
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crisis period from October 17, to November 16, 1997. Hence, our results indicate the
Asian crises period could have started much earlier and lasted much longer than one
month. This also points out the difficulties in correctly specifying the regimes with
exogenously defined periods.

The persistence in the regimes is evident in our estimates of the transition prob-
abilities. For Hong Kong, the volatile regime probability is 0.685, with a standard
error of 0.134 and the stable regime probability is 0.923, with a standard error of
0.032. For Thailand, the volatile regime probability is 0.924, with a standard error
of 0.136 and the stable regime probability is 0.969, with a standard error of 0.026.

In summary, when we disaggregate the total market return index into investable
and non-investable stock return index, we find that (1) there are more emerging
market countries that have significant increases in correlation with the crisis country
market returns during the turmoil period (or the volatile regime) and this pattern
is more pronounced for investable returns than for non-investable returns; and (2)
the sign test indicates that correlations generally increase for investable returns, but
not for non-investable returns. These results provide supporting evidence for the

existence of stock market contagion during the 1997 Asian crisis period.

B.  Test 2: Fundamental or Investor-Induced?

In this section, we report results from our second set of tests, which are tests of
how contagion spreads: either through correlated country fundamentals or through
investor constraints such as portfolio re-balancing and wealth constraints. We exam-
ine whether the increase in co-movement is more pronounced for investable stocks
than for non-investable stocks during the turmoil period (72-A), and whether in-
vestable index returns lead non-investable index returns during the turmoil period
(T2-B). We report results based on correlations estimated from the regime-switching
model in Table 8A and summarize the results on the lead-lag comparison between
investable and non-investable stocks during the crisis period in Table 9.

With Hong Kong as the crisis country, out of 30 emerging markets, 26 countries
show positive difference-in-difference statistics for correlation with the Hong Kong

stock market index returns, although not all are significantly positive. With Thailand
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as the crisis country, 19 countries show positive (but not all significant) difference-
in-difference statistics for correlation. The sign test rejects the null hypothesis of
equal probability of the difference-in-difference statistics being negative or positive,
favoring the positive, for Hong Kong, but not for Thailand. The increases in correla-
tion with Hong Kong stock market index returns affect investable and non-investable
similarly, as indicated by the fact that the sign test cannot reject the equality of cor-
relations at the five percent significance level. Whereas the increases in correlation
with Thailand stock market index returns are higher for investable, particularly in
the non-Asian countries. This finding corresponds with the results shown in Figure
3A and 3B, where the high volatility regime in Hong Kong is found to start much
later in September-November 1997 compared with May 1997 in Thailand. Our find-
ing here may reflect that crisis is originated in Thailand and spread to other Asian
countries through investable and non-investable stocks and to non-Asian countries
mostly through investable stocks, and by the time crisis reaches Hong Kong, the
crisis has affected both investable and non-investable stocks global-wide.

We report the results on lead-lag comparisons as specified in Test 2-B in Table 9.
If investable stocks are a larger channel to transmit external shocks, investable stocks
should lead non-investable stocks during the crisis period. In Table 9, the crisis period
is defined by the regime-switching model using Thailand as the source country.?> We
find that the correlation between lagged investable returns and non-investable returns
(p(1,_1,N,)> column 2) is higher than correlation between lagged non-investable returns
and investable returns (p(s,,n,_,), column 4) for most countries: 21 out of 31 countries
for one-week lag and 22 countries for two-week lag. The differences (columns 6 and
7) are small, although positive, relative to the contemporaneous correlation (column
1). This suggests that investable stocks lead non-investable stocks, but the effect is
small.

To summarize, we find strong statistical evidence that during the turmoil period,
increase in co-movement is more pronounced with investable than non-investable
returns; and investable returns lead non-investable returns during the crisis period.

These findings indicate that investable returns act as a larger channel for crisis

35We obtain similar results by defining the crisis period to be from July 2 to November 16, 1997.
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transmission and provide supporting evidence for the investor-induced contagion

hypothesis.

C. Test 3: Portfolio Re-balancing or Wealth Constraint

In this section, we conduct a further test to determine whether crises spread
through investors, by examining market co-movements in market downturns (ex-
treme tails of negative returns) and in market upturns (extreme tails of positive re-
turns). Instead of comparing correlations between the turmoil period and the stable
period as in previous sections, we compare exceedance correlations between negative
and positive tails, which are extreme events. Although this set of comparisons is
similar to those in the previous sections, the interpretations are slightly different.
If crises are transmitted by investor restrictions such as wealth constraints, market
co-movements should be asymmetric for upturns and downturns; in contrast, if crises
spread through the need for portfolio re-balancing, market co-movements should be
symmetric.

We use the extreme value estimation approach to estimate exceedance correlation.
The advantage of this method is that it requires neither distributional assumption
nor exogenously defined turmoil period. We follow Ang and Chen (2002) in set-
ting the threshold values to be multiples of sample deviations away from the sample
mean.? We estimate exceedance correlations both for the positive tail and the neg-
ative tail at weekly frequency using the whole sample. We then check for asymmetry
in correlations in the positive and the negative tail for total market, investable and

non-investable returns.

C.1. Exceedance Correlation with Hong Kong

First, we estimate the positive and negative tails of the joint distribution of
the total market index returns with Hong Kong as the crisis country. Table 10A

contains correlation estimates at 1.5 deviations away from the mean, the difference

36 A tradeoff exits in selecting the threshold values: The sample distribution converges toward
the true extreme tail distribution as threshold increases, but the precisions of the estimates suffer

from smaller number of observation satisfying the tail criteria.
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between negative and positive tail correlations, and the corresponding t-statistics.3”
At the total market index level, the comparison of the exceedance correlation across
tails, positive vs. negative, yields evidence of asymmetry. Overwhelmingly, most of
the differences show higher correlations in market downturns. Out of 44 countries
(including both developed and emerging markets), 35 have higher correlations during
market downturns, and the sign test clearly rejects the null hypothesis of equal
probability of positive and negative differences. The test favors the alternative of
increased correlations in the market downturns. In general, the correlations in the
positive tail are smaller than the correlations in the negative tail. This indicates
that it is a global phenomenon that stock index returns co-move more with the
crisis country stock index returns during market downturns. The countries with
statistically higher correlations with Hong Kong during the market downturns, at
five percent significance level, are Germany, Switzerland, Argentina, Chile, Mexico,
Malaysia, Pakistan, Philippines, and Greece.

At the disaggregate level (i.e., measuring co-movements of Hong Kong with other
country’s investable returns and non-investable returns), once again, most of the dif-
ferences show higher correlations in market downturns. Out of 31 countries for
investable index returns of emerging markets, 28 have higher correlations during
market downturns turns, and the sign test clearly rejects the null hypothesis of
equal probability of positive and negative differences. The countries with statis-
tically higher correlations with Hong Kong during the market downturns, at five
percent significance level, are Brazil, Chile, Mexico, Indonesia, Malaysia, Greece
and Turkey for investable returns, and Chile, Korea, Malaysia, and Philippines. In
general, the correlation increases in the market downturns are somewhat smaller in
non-investable returns, especially for the non-Asian countries. In fact, the Asian
countries’ correlations are very similar across investable returns and non-investable

returns, expect for China.

3TWe also estimate exceedance correlations at 1 and 2 deviations away from the mean. The
results are similar and therefore are not reported. We do report, however, the shape of asymmetry
whether exceedance correlations are increasing (denoted as +) as the thresholds are moved away
from the mean. An increase in the exceedance correlation away from the mean suggests that the

bivariate distribution is not normal.
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These results on asymmetric exceedance correlation are consistent with hypothe-
ses that predict asymmetry in co-movements. One such hypothesis is that crises
spread through investor wealth constraints. On the other hand, these results are
not consistent with hypotheses such as portfolio re-balancing needs which predict

symmetric co-movements in market upturns and downturns.>

C.2. Exceedance Correlation with Thailand

We also estimate the exceedance correlation using Thailand as the crisis country.
Once again, we find some evidences of asymmetry between the positive and negative
tails, as reported in Table 10B at the total index returns level. Moreover, when we
disaggregate country’s total index returns into investable and non-investable returns,
the pattern is clearer. In general, the correlations in the negative tails are higher than
the correlations in the positive tails, more so for investable than for non-investable.
Similar to the findings in the Hong Kong case, across the board, the correlation
of crisis country returns with investable returns is significantly higher than that
with non-investable returns. In the case of China, the increased correlation in the
market downturns appears only in investable index, not for non-investable index nor
even total index. Also, the pattern of correlations for negative and positive tails
are remarkably similar for both investable and non-investable index returns in most
Asian countries, thus indicating the severity of regional contagion.

Hence, we again find contrasting contagion patterns when we define Thailand as

the crisis source country versus when we define Hong Kong as the source country.

38Moreover, the shape of the positive and negative tails implied by the exceedance estimates
could further our understanding of the distributional properties of underlying stochastic processes
and assist us in building a structural empirical model of correlations. For example, Longin and
Solnik (2001) document a particular shape of asymmetry in their sample — namely, asymptotic
independence in the positive tail and flat or increasing dependence in the negative tail, and conclude
that the data process cannot be described by a bivariate normal distribution. We find similar shape
for some countries, but for most countries, the correlation estimates decrease further out into the
tails, with some more substantially than the others. Hence, he shape implied by most is a tent-
shape, as could be described by two different bivariate normal distributions: one for positive and

another for negative tails.
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Using Thailand as the source country, we find that Asian countries have higher
exceedance correlations with the crisis country, and larger increases in exceedance
correlations during market downturns. However, using Hong Kong as the source
country, we find larger overall correlations. This is consistent with the idea that the
Asian crisis spread regionally from Thailand primarily to Asian countries.?’

In summary, the results on asymmetric exceedance correlation are robust to alter-
native crisis country specifications and hence provide further support for the investor-
induced contagion hypotheses that predict asymmetric co-movements in market up-

turns and downturns.

C.3. Government Bonds

We also consider the government bonds in determining whether the stock market
crisis spread to other countries due to portfolio re-balancing or wealth constraint.
We estimate and compare the bond market index volatility and correlation between
bond and stock market for both stable and turmoil periods. Increase in volatility
during crisis indicates increase in trading activities. If investors tend to re-balance
their portfolios during crisis, by shifting from risky assets to safer ones, prices of
bonds would increase and bond index return would increase. If investors tend to
be wealth-constrained during crisis, so that they shift from safer asset to cover their
positions in risky assets, prices of bonds would decrease and bond index return would
decrease. Therefore, portfolio re-balancing would be a decrease in positive correlation
or more negative correlation, while wealth constraint would be an increase in positive

correlation or less negative correlation.

39Technically, the primary difference in these results from those with Hong Kong as the source
country is in the shape of the exceedance correlation. We observe more cases of increased exceedance
correlation, implying that the asymptotic independence no longer holds and bivariate normal distri-
bution may not describe the data generating process. Whereas the predominant shape with Hong
Kong as the crisis country is tent-shape, this is not so with Thailand. With the total index return,
increasing exceedance correlation is found in the positive tails for a handful of countries and in
the negative tails for most countries. Although the correlations are larger with Hong Kong as the
source country, evidence of increasing dependence in the negative tail is much more prevalent using

Thailand as the crisis country.
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Table 11A summarizes the results for emerging markets with Hong Kong as the
crisis country. Out of 21 countries that have estimates, 16 countries show an in-
crease in volatility (with six countries statistically significant at five percent signifi-
cance level: Korea, Pakistan, Thailand, Egypt, Morocco and South Africa) and five
countries show a decrease in volatility (with only one country statistically significant
at five percent significance level: Slovakia). The sign test indicates that increase
in volatility is more likely. No countries have investable or non-investable stock in-
dex returns with statistically significant increase or decrease in correlation with the
bond market at the five percent significance level. Out of 21 countries, 13 countries
show an increase and 8 countries show a decrease in correlation between investable
stock index return and bond index return. And 17 countries show an increase and
only four show a decrease in correlation between non-investable stock index return
and bond index return. The sign test show that increases in correlation between
non-investable stock index return and bond index return are likely. However, for
non-investable stock index returns, the sign test cannot reject the null hypothesis
that increase or decrease in correlation with the bond index return is equally likely.
The increases in correlations suggests that crisis spread from Hong Kong to other
emerging market countries due to wealth constraints.

Table 11B summarizes the results for emerging markets with Thailand as the crisis
country. Out of 21 countries that have estimates, 16 countries®® show an increase
in volatility (with nine countries statistically significant at five percent significance
level: Korea, Pakistan, Malaysia, Thailand, Colombia, Russia, Egypt, Morocco, and
South Africa) and five countreis show a decrease in volatility (with only one country
statistically significant at five percent significance level: Portugal). the sign test
indicates that increase in volatility is more likely. Out of 21 countries, 14 countries
show an increase and 7 countries show a decrease in correlation between investable
stock index return and bond index return. And 12 countries show an increase and 9
show a decrease in correlation between non-investable stock index return and bond
index return. The sign test show that increases in correlation between investable

stock index return and bond index return are likely. However, for investable stock

4Ogame number as Table 11A results, but different countries.
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index returns, the sign test cannot reject the null hypothesis that increase or decrease
in correlation with the bond index return is equally likely. These results are stronger
than those with Hong Kong as the crisis country. The increases in correlations
suggests that crisis spread from Thailand to other emerging market countries due to
wealth constraints.

Table 11C summarizes the results for developed markets for both Hong Kong
and Thailand as the crisis countries. With Hong Kong as crisis country, out of
13 countries, 8 show a decrease in volatility (none statistically significant) while 5
show an increase in volatility (only one, Japan, is statistically significant at five
percent significance level). All 13 countries show an increase in correlation between
stock market index return and government bond market index return, although not
all are statistically significant at five percent significance level. With Thailand as
crisis country, out of 13 countries, 12 show a decrease in volatility (four: Italy, Spain
Sweden, and Canada are statistically significant) while 1 show an increase in volatility
(none statistically significant). Similarly to the Hong Kong results, all 13 countries
show an increase in correlation between stock market index return and government
bond market index return, although not all are statistically significant at five percent
significance level. These results suggest that crisis spread to developed markets due

to portfolio re-balancing.

IV. Conclusion

We set out to empirically test the hypothesis that crises spread through investors’
asset holdings. We estimate and compare the degree to which investable and non-
investable stock index returns co-move with the crisis country returns in the case of
the 1997 Asian crisis. Our analysis using Thailand as the crisis country reveals that
the increase in correlation is more prevalent in investable stock index returns rather
than non-investable stock index returns, especially in Asian countries, indicating that
the crisis was transmitted through investable stocks. Our analysis using Hong Kong
as the crisis country finds that the increase in correlation is also more pronounced in
investable stocks than non-investable stocks and more so among non-Asian countries.

Since the Thailand stock market crash precedes the Hong Kong stock market crisis,
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we interpret the finding as the crisis was first transmitted regionally to Asian coun-
tries and then globally to non-Asian countries. We also find that investable stocks are
not fundamentally different from non-investable stocks in terms of industry distribu-
tions, so the cash flow fundamentals cannot explain the increase in correlations. We
also compare cross-autocorrelations between investable and non-investable returns
for each country during the turmoil period, and evidence that investable stocks lead
non-investable stocks, further suggesting that crises spread first to investable stocks
through investors’ international holdings. Furthermore, we test whether market co-
movements are symmetric in extreme market upturns and downturns. Our finding
of high levels of asymmetry in the co-movements between investable and the crisis
country is consistent with the behavioral theory of investors who are constrained
by their wealth. Finally, we compare each country’s stock market with its govern-
ment bond market and find that crises spread to developed markets due to portfolio

re-balancing and to emerging markets due to investors’ wealth constraints.
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V. Appendix

A.  Second Stage Covariance Matrix

The asymptotic variance of the second-step parameter (Murphy and Topel, (1985))
is:
Yo =Vo+ Vo [CVIC" — RVIC' — CVLR'T V) (13)
and the asymptotic covariance between the first-step parameters () and second-step

parameters (6s) is:
Y2 =ViRVy = V1OV, (14)

where V) is the asymptotic variance of the first-step parameters based on the first
likelihood function, In(L;); V3 is the asymptotic variance of the second-step parame-

ters (0y) based on the second likelihood function conditioned on first-step parameters
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In(Ls|6,), and C' and R are expected cross derivatives. More specifically,

14 —1

oo ()]

Murphy and Topel (1985) show that the parameters are expressed as results of ap-

plying law of large numbers:

1 <= 9L, (ya, 0%
V(b - 6;) = —Vl—Zlg’Til) (15)
=1

1 OLo(yoi; 0%, 03 OL1 (ya:, 0
Vn(ly —05) = —VQ%Z Q(yge; )+VQOV1\FZ—1§; ) (16)
=1

where the joint distribution of the first partials of the likelihood functions is asymp-

totically normal, as a result of applying central limit theorem.

Z OL1(y1i,07)
=1 801
[ f ALa(y2:,07,0%) ] ~ N(0,9) (17)
\/ﬁZizl 005
where
V! R
Q=1 " (18)
RI ‘/*2—1

Then, asymptotic variance and covariance of all parameters are derived from calcu-
lating the variances of from the two equations (15), (16), by using equation (17).
Volatilities, correlations, changes in volatilities, and changes in correlations are all
functions of the estimated parameters, so that standard errors of these functions are

calculated using the delta method.
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B.  Extreme Value Distribution

For a univariate random variable (X), the tail probability beyond the threshold
level (0) is obtained from the generalized Pareto distribution:

-1/
Pr(X>x|X>9):(1+w) 6 (19)

for x > 0,*' where ¢ and o are shape parameters, also called the tail index and

dispersion parameters, respectively. The tail index characterizes the tail distribution:

¢ > 0 corresponds to fat-tailed distributions, ¢ < 0 to thin-tailed distributions, and

¢ = 0 to no-tail or finite-distributions.*> Therefore, the univariate tail distribution
x)), conditional on the observation being in the tail, is fully characterize

F* ditional the ob tion being in the tail, is fully characterized by

two parameters: the tail index (§) and the dispersion parameter (o):

Py -1 (14 8220) -

+

For the bivariate (or more generally, multivariate) case, the resulting multivariate
distribution of extreme returns is a function of the univariate generalized Pareto
distributions. As stated before, this distribution does not depend on the underlying
true distribution. Let (X, Xs, ... X,) be a q-dimensional vector of random variables,
and (6y,6s,...6,) denote the vector of threshold level. Following Ledford and Tawn
(1997) and Tawn (1988), the joint tail distribution is as follows:

-1 —1 —1
F* Ty) = -D 21
(21,2 2g) = eap [ (zogF{”<x1>’zOgF5”<xz>’ logFJ"@q))] .

where D() is some dependence function and Fj"() is the marginal distribution of the

jth variable:
(. 0N\ V&

O'j +

41 The plus-sign notation is defined as s = max(s, 0).
42Longin and Solnik (2001) cite some known tail index values for various distributions. & = 0

for normal and log-normal distributions, £ > 0 for student-t distribution, and £ < 0 for uniform
distribution (Embrechts, Kluppelberg, and Mikosch (1997)). Also, various processes based on the
normal distribution - autocorrelated processes, discrete mixtures of normal distributions and mixed
diffusion jump process — have thin tails, so that £ = 0 (Leadbetter, Lindgren, and Rootzen, (1983)).
GARCH process have £ < 0.5. (De Haan, Resnick, Rootzen, and DeVries, (1989)).
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with A; as the tail probability. The marginal distribution combines two parts: prob-
ability (1 — \;) that the observation is not in the tail and probability A; that the
observation is in the tail and represented by the Pareto distribution of the tail. In the
multivariate case, although the limiting marginal distributions are known, the depen-
dence function is not known. Therefore, the estimation of the joint tail distribution
requires choosing a functional form for the dependence function.

The models of the dependence function can be either nonparametric or paramet-
ric. In the class of parametric functions, Tawn (1988) describes two distinct models:
mixed and logistic. These mixed and logistic models have equal-weight (symmet-
ric) and weighted (asymmetric) versions where equal weight means simply that the
weight given to each of the variables are all the same.*?

The most widely used dependence function is the equal-weighted (symmetric)

logistic function:

-1/«

D(z1,20...2¢) = (% e

R R (23)

where the dependence parameter is o, 0 < o < 1. With only one parameter to

estimate, this dependence function is simple and tractable. Furthermore, with this
2

Y

dependence function for ¢ = 2, the measure of exceedance correlation is 1 — «
which is also very simple to compute. We proceed with this dependence function to
estimate the correlation between markets. With the symmetric logistic dependence
function, the bivariate tail distribution has seven parameters: two tail probabilities
(A), two tail indices (&), and two dispersion parameters (¢) and parameters from the

dependence function, which in this case is one («).

43The use of the word “symmetry” here refers to the weights given to each variable (in this case,
asset returns) in the model. This “symmetry” is not the same as it appears elsewhere in this paper,
where it is used to describe the difference in the tail distribution between market upturns and

downturns.
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Table 11B
Correlation with the Bond Market
Crisis Country: Thailand
This table reports correlations between bond and stock market in two regimes. The T-test statistics reported are of tests of equivalence in volatility (Vol), and
correlation between bond and stock markets. The rejection of the null against the two-sided alternative that the turmoil regime volatility or correlation is greater,
at the 10%, 5% and 1% significance level are denoted by (*) , (**) and (¥**), respectively. N is the number of observations used in estimation.

[ Investable Stock Index Returns | [ Non-Investable Stock Index Returns |
Bond Volatility Corr Bond Corr Bond

Emerging Markets: N Diff T-Stat Crisis _ Stable Diff T-Stat Crisis _ Stable Diff T-Stat
Argentina 469 -0.071  0.000 0.594 0.446 0.147  0.000 0222 0.177 0.044  0.000
Brazil 469  0.058  0.066 0.771 0.618 0.153  0.026 0.678 0.610 0.069  0.000
Chile 187  0.000 0.025 0.039  0.005 0.034 0.269 -0.084 -0.132 0.047 0.001
Colombia 243 0.068  2.974 = 0.320 0.249 0.072  0.115 0.234 0.241 -0.006  0.000
Mexico 469 -0.011 -0.191 0.611 0.644 -0.034 -0.230 0.493  0.557 -0.063 -0.001
Peru 469 -0.037 -0.540 0495 0322 0.173  0.670 0.190 0.206 -0.016 0.000
Venezuela 408 0.064 0935 0.604 0.161 0.444 1.596 0.209 0.108 0.101  0.001
China -- -- -- -- -- -- -- -- -- -- --
India -- -- -- -- -- -- -- -- -- -- --
Indonesia -- -- -- -- -- -- -- -- -- -- --
Korea 469  0.073  3.929 = 0424 0.080 0.345 0.442 0.439 0.101 0.337 0.000
Malaysia 468  0.031  2.986 = 0261 0.013 0.248 0.907 0.259 0.057 0.201  0.000
Pakistan 17 0310 4.263 == 0.122  0.137 -0.015 -0.031 0.506 0.133  0.373  0.001
Philippines -- -- -- -- -- -- -- -- -- -- --
Sri Lanka -- -- -- -- -- -- -- -- -- -- --
Taiwan -- -- -- -- -- -- -- -- -- -- --
Thailand 291  0.130  5.650 = 0.392  0.052 0.340 3.744 = 0.398 0.042 0.356 0.001
Czech Republic 139 0.000 0.021 0.014 0.176 -0.163 -0.745 0.007  0.056 -0.050 0.000
Greece - -- - - -- - -- - -- - --
Hungary 204  0.002 0406 -0.157  0.061 -0.218 -0.914 -0.075 -0.106 0.031  0.000
Poland 407 -0.087 -1.470 0.381 0.124 0.256  0.193 0212 0.057 0.155 0.007
Portugal 323 -0.017 -3.380 ** -0.049  0.177 -0.226 -2.105 * -0.010  0.103 -0.113 -0.002
Russia 307  0.326  3.280 * 0.559 0478 0.081 0.088 0.571 0.441 0.130 0.000
Slovakia 247 -0.053 -1.810* 0.033  0.023 0.010 0.044 -0.033  -0.040 0.007  0.000
Egypt 73 0.129  2.938 = 0.073  0.139 -0.066 -0.260 0200 0.212 -0.012  0.000
Israel -- -- -- -- -- -- -- -- -- -- --
Jordan -- -- -- -- -- -- -- -- -- -- --
Morocco 307 0.123  3.443 = -0.101  0.014 -0.115 -0.842 -0.033  0.001 -0.034 -0.001
South Africa 139 0.154  3.062 =~ 0395 0.172 0.224 0.197 0.150 0.199 -0.049  0.000
Turkey 165 0.012  0.090 0.753  0.643 0.110 0.038 -0.069  0.097 -0.166  0.000
Zimbabwe -- -- -- -- -- -- -- -- -- -- --

Countries with Lower Moment in Turmoil: 5 7 9

Sign Test (P-value) 0.987 0.905 0.668

Countries with Higher Moment in Turmoil: 16 14 12

Sign Test (P-value) 0.004 0.039 0.192




Table 11C
Correlation with the Bond Market
Developed Markets
This table reports correlations between bond and stock market in two regimes. The T-test statistics reported are of tests of equivalence in volatility (Vol), and
correlation between bond and stock markets. The rejection of the null against the two-sided alternative that the turmoil regime volatility or correlation is greater,
at the 10%, 5% and 1% significance level are denoted by (*) , (¥*) and (***), respectively. N is the number of observations used in estimation.

| Crisis Country: Hong Kong [ | Crisis Country: Thailand
Bond Volatility Corr Bond Bond Volatility Corr Bond

Developed Markets N Diff T-Stat Crisis  Stable Diff T-Stat Diff T-Stat Crisis  Stable Diff T-Stat
Australia 520  0.005 0.053 0.114 0.141 -0.028 -0.036 -0.002 -0.108 0.048 0.194 -0.146 -0.942
Hong Kong -- -- -- -- -- -- -- -- -- -- -- -- --
Japan 520 -0.004 -2.314 * -0.296 -0.148 -0.148 -0.637 -0.008 -0.536 -0.228 -0.165 -0.063 -0.321
Singapore -- -- -- -- -- -- -- -- -- -- -- -- --
Belgium 520 -0.003 -0.156 0.002 0.188 -0.186 -2.302 ** -0.009 -1.686 * 0.026 0.202 -0.176 -2.159 *
France 520  0.000 -0.002 -0.054 0.171 -0.225 -0.274 -0.004 -1.002 -0.078  0.224 -0.302 -0.560
Germany 520 0.003 0.274 -0.109  0.088 -0.197 -0.387 -0.002 -0.186 -0.103  0.118 -0.220 -1.666 *
Italy 520 -0.010 -0.857 0.143 0.444 -0.301 -1.064 -0.020 -4.214 == 0.100 0492 -0.392 -0.702
Netherlands 520 0.002 0.543 -0.082  0.068 -0.151 -0.586 -0.003  -0.555 -0.118  0.121 -0.239 -1.463
Spain 520 -0.007 -0.965 0.013  0.308 -0.295 -6.228 *** -0.018 -5.006 *** 0.000 0.359 -0.360 -5.811 ***
Sweden 520 -0.007 -0.803 0.104 0.243 -0.140 -1.051 -0.017 -2.643 *= 0.085 0.278 -0.193 -1.439
Switzerland 520  0.000 -0.060 -0.173  0.035 -0.208 -2.204 ** 0.000 0.022 -0.128  0.044 -0.172 -0.571
UK 520 0.002 0.644 -0.091 0.182 -0.274 -1.440 -0.002 -0.536 -0.067 0.208 -0.275 -1.891 *
Canada 520 -0.006 -0.402 -0.037 0.225 -0.263 -3.259 *** -0.010 -2.684 *= -0.025 0294 -0.319 -3.898 *
[N 520 0.001 0.078 -0.120  0.077 -0.197 -0.904 -0.002 -0.326 -0.119  0.116 -0.235 -1.471

Countries with Lower Moment in Turmoil: 8 13 12 13

Sign Test (P-value) 0.133 0.000 0.000 0.000

Countries with Higher Moment in Turmoil: 5 0 1 0

Sign Test (P-value) 0.709 1.000 0.998 1.000




Figure 1
Percentage of Investable and Non-Investable by Industry
Based on the number of firms that are investable (investability = 1) and non-investable (investability=0), using firm-
1994

level data for December of the previous year.
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Figure 2
This figure shows weekly index returns for Hong Kong, Thailand, Indonesia and Malaysia from January to December 1997.
The total index return data is from Datastream.
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Figure 3
Regime Probabilities (January 1996 to January 2000)

The figures show the time-series probabilities of the volatile regime, from the estimated regime-switching model, for the period
January 1996 to January 2000. Figure 2A shows probabilities from the regime-switching model estimated using Hong Kong stock

index and the world index. Figure 2B shows probabilities from the regime-switching model estimated using Thailand stock index
and the world index.

Figure 3A: Hong Kong and World Index
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Figure 3B: Thailand and World Index
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