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ABSTRACT

Some Contagion, Some Interdependence:
More Pitfalls in Tests of Financial Contagion

This Paper develops a test of contagion in financial markets based on
bivariate correlation analysis, which generalizes existing tests, and applies it
to the international effects of the Hong Kong stock market crisis of October
1997. Contagion is defined as a structural break in the international
transmission of financial shocks. For plausible values of the variance of
country-specific shocks in Hong Kong, our test finds evidence of contagion for
5 countries out of a sample of 17. This is in sharp contrast with the findings of
recent literature, according to which there is ‘no contagion, only
interdependence’. We show that this strong result in the literature is due to
arbitrary and unrealistic restrictions on the variance of country-specific shocks.
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1 Introduction

During currency and financial crises, asset price comovements across markets
and across borders tend to increase visibly compared with more tranquil
periods. The size of these comovements have led many economists to raise
the question of whether ‘tranquil periods’ and ‘crises’ are to be interpreted
as different regimes in the international transmission of financial shocks;
that is, whether there are discontinuities in the international transmission
mechanism.1

The headline of the theoretical and policy debate on this issue is ‘con-
tagion’.2 Contagion – as opposed to ‘interdependence’ – conveys the idea
that there are breaks in the international transmission mechanism owing to
financial panics, herding or switches of expectations across instantaneous
equilibria. Although there is no consensus about what exactly contagion
is and how we should measure it,3 several authors have proposed empirical
tests in an attempt to address the issue of contagion versus interdependence
purely on empirical grounds. Boyer et al. (1999) and Forbes and Rigobon
(2001 and 2002), for instance, compare cross-country correlations of asset
returns in tranquil and crisis periods, testing for contagion as a structural
break in the parameters of the underlying data-generating process.4

In these contributions ‘tranquil’ and ‘crisis’ periods are identified by dif-
ferent levels of volatility of asset returns. Now, suppose that a crisis is driven
by an increase in the variance of a common factor, causing higher-than-usual
volatility in several markets. Even if there is no change in the international
transmission, larger common shocks would naturally raise the magnitude of
cross-country comovements. Hence, an increase in cross-country correlations

1The possibility of such discontinuities is a concern for both investors and policymakers.
If correlation across assets is abnormally high during financial crises, diversification of
international portfolios may fail to deliver just when its benefits are most needed. By the
same token, excessive comovements of asset prices may spread a country-specific shock to
other economies, even when these have better fundamentals.

2A partial list of contributions to this debate includes, Buiter et al. (1998), Calvo
(1999), Calvo and Mendoza (2000), Caramazza et al. (2000), Claessens et al. (2001),
Corsetti et al. (2000a), Edwards (1998), Eichengreen et al. (1996), IMF (1998 and 1999),
Jeanne and Masson (1998), Kaminsky and Reinhart (2000), Kaminsky and Schmukler
(1999), Kodres and Pritsker (2002), and Schinasi and Smith (2001).

3 In a related work, Pericoli and Sbracia (2001) discuss a number of definitions of
contagion. In early studies on clusters of currency crises, contagion is a significant increase
in the probability of a crisis in one country, conditional on a crisis occurring in another
country. In works focused on asset prices, contagion is sometimes defined as a volatility
spillover from the crisis country to the financial markets of other countries. In models
stressing multiple equilibria and herding, contagion is defined as spillovers that cannot
be explained in terms of fundamentals. The definition underlying our test is a structural
break in cross-market links.

4Examples of studies on correlation and contagion also include Baig and Goldfajn
(2000), Bordo and Murshid (2001), Goetzmann et al. (2001), King and Wadhwani (1990),
Loretan and English (2000).
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during a period of financial turmoil is not necessarily evidence of contagion.
For contagion to occur, the observed pattern of comovements in asset prices
must be too strong (or too weak) relative to what can be predicted when
the mechanism of international transmission is constant.

Key to these tests is the specification of a theoretical measure of inter-
dependence that captures the effects on correlation of an increase in the
volatility of asset prices for a given transmission mechanism. In general, an
increase in volatility of returns during a crisis may be due to either higher
variance of some common factor, or to country-specific noise, or both. In
this paper, we derive such a measure from a factor model of returns that,
in contrast with previous contributions, does not impose restrictions on the
variance of common factors relative to the variance of country-specific risks.

We apply our test to the international implications of the Hong Kong
stock market crisis of October 1997, which is one of the leading case-studies
in Forbes and Rigobon (2002). We find evidence of contagion for at least 5
countries out of a sample of 17. By contrast, the ‘adjusted’ or ‘corrected’
correlation tests proposed by Boyer et al. (2000) and Forbes and Rigobon
(2002) would reject interdependence for only 1 country. Using our frame-
work, we show that this strong result of ‘no contagion, only interdependence’
can be attributed to arbitrary assumptions on the variance of the market-
specific noise in the country where the crisis originates – assumptions that
bias the test towards the null hypothesis of interdependence.

The paper is organized as follows. Section 2 briefly discusses the main
pitfalls in testing for the stability of cross-market links using standard cor-
relation analysis. Section 3 introduces our setup and derives a measure of
cross-country interdependence. Section 4 reconsiders the literature on con-
tagion in the light of our model, identifying the bias in existing tests. Section
5 assesses the importance of such a bias, applying our methodology to the
analysis of financial contagion during the 1997 Hong Kong stock market
crisis. Section 6 concludes.

2 Contagion and correlation

The evidence that leads analysts and market commentators to raise the
hypothesis of ‘contagion’ in the international transmission of currency and
financial crises, is the apparent increase in comovements of asset prices across
markets during periods of financial turmoil. Indeed, although systemic anal-
yses of currency and financial crises emphasize different empirical regulari-
ties, most studies agree on the fact that periods of crisis coincide with high
volatility of asset prices as well as high covariance of returns across national
markets. Many studies also conclude that, on average, correlation between
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market returns is higher and/or increasing during crises.5

However, interpreting any increase in cross-country covariances and/or
correlations as evidence of contagion may be misleading. We can illustrate
this point by means of a simple example drawing on Forbes and Rigobon
(2002). Suppose that the rates of return of the stock market in two countries
are linearly related:

ri = β0 + β1rj + νi ,

where ri and rj respectively denote stock market returns in countries i and j,
νi is a stochastic noise independent on rj, β0 and β1 are constants, with β1
measuring the ‘strength’ of the link between the two markets. The variance
of ri, the covariance and the correlation between the two rates of return are,
respectively:6

V ar(ri) = β21V ar(rj) + V ar(νi) ;

Cov(ri, rj) = β1V ar(rj) ;

Corr(ri, rj) = β1

s
V ar(rj)

β21V ar(rj) + V ar(νi)
.

These expressions show that the variance of ri, the covariance and correlation
between ri and rj must all increase with V ar(rj), even if the intensity of the
cross-country linkage β1 does not change. Thus, to the extent that a crisis
in country j raises the variance of its stock market returns, stronger cross-
market comovements are consistent with a stable international transmission
of financial shocks. They do not necessarily reflect discontinuities in the
transmission mechanism. Can we then conclude that there is ‘contagion’
even if the international transmission mechanism is exactly the same as in
a ‘no-crisis’ period?

Early contributions on contagion acknowledge this issue. For instance,
King and Wadhwani (1990) write that “we might expect that the conta-
gion coefficients would be an increasing function of volatility” (p. 20), but

5For a review of the empirical literature, see Pericoli and Sbracia (2001) and Claessens
et al. (2001). Corsetti et al. (2000b) present a comprehensive analysis of stylized facts for
stock market prices, nominal exchange rates against the US dollar, overnight interest rates,
and sovereign spreads of dollar-denominated bonds with corresponding US assets. This
study and Corsetti et al. (2001) show that, despite strong market comovements, cross-
market correlations are not always higher in crisis periods. In a number of episodes, for
instance, correlations actually falls at the outbreak of the crisis. Moreover, there are peaks
of correlation in both tranquil and crisis periods. This is more than a technical point, as it
raises the issue of assessing the relative importance of country-specific factors, as opposed
to common factors, underlying the increase in market volatility during periods of turmoil.
As shown below, country-specific noise plays a key role in testing for discontinuities in the
cross-market transmission of shocks.

6Hereafter V ar stands for the variance operator, Cov the covariance operator and Corr
the correlation operator.
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they implement no correction for their empirical tests. Recently, two sets
of contributions have independently proposed a solution to this problem,
that consists in adjusting the sample cross-market correlation coefficient for
changes in the volatility of returns in the country where the crisis originates.
One set of contributions build on the hypothesis that returns are normally
distributed (see Boyer et al. (1999), Loretan and English (2000)), the other
draws more directly on regression analysis (see Forbes and Rigobon (2001
and 2002)). Both sets of contributions introduce bivariate tests under the
null hypothesis that β1 does not change during a period of international
turmoil.

Somewhat surprisingly, it turns out that applying these tests to differ-
ent samples always yields the same answer: regardless of the timing of the
crisis and the regional and structural features of the countries in the sam-
ple, almost no episodes of international spread of financial turmoil should
be viewed as ‘contagion’. Accordingly, the peaks in cross-country links that
emerge in periods of crisis are just an implication of international ‘interde-
pendence’. In what follows, we develop a test and investigate whether this
strong result can be attributed to pitfalls in the testing procedure developed
by this literature.

3 Testing for contagion as instability of cross-market
links

3.1 A factor model with period-specific variance of asset re-
turns

This section lays out a simple theoretical framework for testing for structural
breaks in the international transmission mechanism. The model consists of
two elements. The first one is a data-generating process of stock market
returns in country i and country j. As a starting point for the analysis, we
choose a standard single-factor model:

ri = αi + γi · f + εi (1)

rj = αj + γj · f + εj ,

where αi and αj are constants, γi and γj are country-specific factor load-
ings, f is a common factor, εi and εj denote idiosyncratic country-specific
factors, with f , εi and εj mutually independent random variables with finite
variance.

The second element is the specification of changes in the variance of f
and ε’s between tranquil and crisis periods. Specifically, let j denote the
country of ‘origin’ of an international financial crisis; for example, Mexico
at the end of 1994, Thailand in July 1997, Hong Kong in October 1997 and
Russia in August 1998. Consistently with the evidence of high volatility of
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returns in periods of instability, a crisis in country j is defined as an increase
in the variance of rates of returns. Let rj ∈ C denote the event ‘crisis in
country j’ and let δ be the proportional change in the variance of the stock
market return rj relative to the pre-crisis period, namely:

V ar(rj | rj ∈ C) = (1 + δ) · V ar(rj) , δ > 0 .
In general, shocks to the variance of rj may be due to either the common
factor, f , or the country-specific risk, εj .

Mutual independence of f , εi and εj implies that

V ar (εi | rj ∈ C) = V ar(εi) . (2)

In other words, since we are analyzing the spread of the crisis from j to
a generic country i, the logic of our test suggests that the change in the
variance of ri during a crisis will only depend on the common factor and the
cross-market links between the two countries.

Using model (1), the correlation coefficient between ri and rj can be
written as:

ρ ≡ Corr(ri, rj) =
Cov(ri, rj)p

V ar(ri) · V ar(rj)
=

1h
1 + V ar(εi)

γ2iV ar(f)

i1/2 · ·1 + V ar(εj)

γ2jV ar(f)

¸1/2
in the tranquil period, and

ρC =
1h

1 + V ar(εi)
γ2iV ar(f |C)

i1/2 · ·1 + V ar(εj |C)
γ2jV ar(f |C)

¸1/2
in the crisis period, where for simplicity we write C instead of rj ∈ C.
Comparing these two expressions, we conclude that — if all the parameters
in our model are stable across periods — a rise in correlation during a crisis
(ρC > ρ) must correspond to an increase in the variance of the common
factor f relative to the variance of the idiosyncratic noise εj.

However, if the parameters of the model (1) are not stable, a rise in cor-
relation during a crisis could also correspond to an increase in the magnitude
of the factor loadings γi and γj, or to a strictly positive correlation between
the idiosyncratic risks. In line with the literature, we define interdependence
as a change in correlation that is consistent with the data-generating pro-
cess (1). As opposed to interdependence, contagion occurs if the increase in
correlation during a crisis turns out to be ‘too strong’ relative to what is im-
plied by the process (1); i.e. it is too strong to be explained by the behavior
of the common factor and the country-specific component. In other words,
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contagion occurs when, conditional on a crisis in country j, correlation is
stronger because of some structural change in the international economy
affecting the links across markets.

In a related definition, contagion occurs when a country-specific shock
becomes ‘regional’ or ‘common’. This means that there is some factor η
for which factor loadings are zero in all countries but one during tranquil
periods and become positive during crisis periods. An illustration of this
concept of contagion is provided by the following two-factor model:

ri = αi + γi · f + βi · η + εi (10)
rj = αj + γj · f +

¡
η + ηj

¢
.

Under interdependence, we have βi = 0, so that the process is equivalent
to the data-generating process (1) by setting εj = η+ ηj. Contagion occurs
when the country-specific shock η becomes a common factor, i.e. when
βi 6= 0 (so that there is a rise in the covariance of country-specific risk).
As shown below, our measure of interdependence is derived under the null
hypothesis βi = 0. Thus, it will be unaffected by a change in the specification
of the process for the rates of return, which uses the process (10) instead of
(1). These definitions provide a general framework for the empirical test
discussed below.

3.2 Measuring interdependence

How can one test whether changes in the correlation between ri and rj are
consistent with the data-generating process (1)? The key step in the analysis
is the specification of a correlation coefficient under the null hypothesis of
interdependence. Let φ denote the correlation coefficient between ri and rj
under the assumption that γi, γj, V ar(εi) and Cov(εi, εj) do not vary with
the crisis in country j. As shown in Appendix I, φ can be written as the
following function:

φ(λj ,λ
C
j , δ, ρ) ≡ ρ


Ã
1 + λj

1 + λCj

!2
1 + δ

1 + ρ2
·
(1 + δ)

1+λj
1+λCj

− 1
¸
(1 + λj)


1/2

,

(3)

where

λj =
V ar(εj)

γ2j · V ar(f)
and λCj =

V ar(εj | C)
γ2j · V ar(f | C)

.

The parameters λj and λCj denote the ratio between the variance of the
idiosyncratic shock εj and the variance of the common factor f , scaled by
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the factor loading γj , during the tranquil and the crisis period, respectively.
In what follows, we refer to φ as a theoretical measure of interdependence
and to λj and λCj as variance ratios.

The correlation coefficient between ri and rj observed during the crisis,
ρC , and the theoretical measure of interdependence, φ, are the main ele-
ments of our test. If γi, γj, V ar(εi) and Cov(εi, εj) do not change during
the crisis, ρC and φ will coincide. Conversely, if there is contagion in the
form of an increase in the magnitude of factor loadings or a positive corre-
lation between idiosyncratic risks (e.g. because some country-specific factor
becomes common during the crisis in country j), ρC will be larger than
φ. Hence, a statistical analysis of contagion versus interdependence can be
performed by testing whether ρC is significantly higher than φ.

Two features of this test are worth stressing. First, during an interna-
tional crisis originating in one country, shocks to the common factor tend
to induce large comovements of prices. Yet, the country where the crisis
originates may also be subject to large shocks that are and remain country-
specific. Overall cross-market correlation may fall. The fact that correlation
falls during a crisis (as it often does in the data) is by no means evidence
against contagion. In other words, testing for contagion needs not be con-
ditional on observing a rise in correlation. Second, the test is symmetrical;
that is, it can also be applied to structural breaks and contagion consisting
in looser interdependence (e.g. falling factor loadings). There is no rea-
son why the concept of contagion should be confined to the hypothesis of
stronger-than-normal ties.

3.3 Building intuition

Clearly, test results will crucially depend on the size of the variance ratios,
i.e. on the relative variability of common vs. country-specific factors. To
illustrate this point, Figure 1 plots our statistic for a particular case study,
that is the spread of financial instability from Hong Kong to the Philippines
in October 1997.

To make our graph directly comparable with a similar graph in Forbes
and Rigobon (2002), first we simplify our measure of interdependence by
assuming that the variance ratio does not vary across periods, that is, λCj =
λj. This means that the variances of both the common factor and the
country-specific risk are assumed to increase by the same proportion during
a crisis:

V ar(rj | C)
V ar(rj)

=
V ar(f | C)
V ar(f)

=
V ar(εj | C)
V ar(εj)

= 1 + δ .
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Second, we plot an inverse transformation of (3), instead of (3) itself:7

φ
0
t(λj) =

ρCtq
1 + δ − δ

¡
ρCt
¢2 − δλj

¡
ρCt
¢2 . (4)

Note that, when using φ0, the null of no contagion becomes φ0 = ρ (as in
Forbes and Rigobon (2002)), instead of φ = ρC .

Figure 1. Hong Kong and the Philippines: Instantaneous
and Adjusted Correlation for Different Values of λj

J F M A M J J A S O N D
1997

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6
correlation
correlation with �=0.0
correlation with �=3.0
correlation with �=5.0

7The coefficient φ0 is obtained by substituting φ with ρC in equation (3), posing
λj = λCj , and then solving the resulting expression for ρ. We compute daily correla-

tion as ρCt =
PT−1

t=0 ϑheri,t−herj,t−h ³PT−1
h=0 ϑ

h(eri,t−h)2 ·PT−1
h=0 ϑ

h(erj,t−h)2´−1/2, where ϑ

is the decay factor (which we set equal to 0.96), T is the length of the moving window
(which we set equal to 3 months), eri,h (erj,h) is the de-meaned return on stock market i
(j) at time h.
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In Figure 1, the thick line is the daily correlation between stock market
returns in US dollars in Hong Kong and the Philippines for 1997. The first 912
months of the year correspond to the tranquil period (the daily correlation
coefficient is a proxy for ρ). The rest of the year, marked by the shaded area,
corresponds to the crisis period (the daily correlation coefficient is then a
proxy for ρC). From October 20 on, three broken lines plot φ

0
t, as defined in

(4), conditional on three exogenously given values of λj (λj = 0, 3 and 5).
The figure shows that when λj = 0, the coefficient φ

0
t is well below ρC ,

while increasing the value of λj shifts φ
0
t upwards. Inspection of the graph

suggests that φ
0
t is actually close to ρ, the average value of the correlation

coefficient during the tranquil period in the first months of 1997. For λj = 5,
instead, at many dates φ

0
t becomes close to, or larger than ρC , and is well

above the average ρ in the tranquil period. Whether or not φ
0
t is significantly

different from ρ will crucially depend on the value of the variance ratio λj.
Intuitively, the theoretical measure of interdependence adjusts the cor-

relation coefficient for the effect on cross-border comovements of a change
in the volatility of stock prices in Hong Kong. A larger λj implies a smaller
relevance of the common factor, i.e. a larger fraction of the overall change
in volatility in Hong Kong is attributed to country-specific noise. Therefore,
a larger λj entails a smaller ‘adjustment’ relative to ρCt .

4 The literature reconsidered

4.1 Tests assuming direct and linear cross-market links

To derive their test statistic, Forbes and Rigobon (2001 and 2002) posit a
linear relationship between rates of return in countries i and j, namely

ri = β0 + β1 · rj + νi , (5)

and they assume:

Corr(rj, νi | C) = Corr(rj , νi) = 0 (6)

V ar(νi | C) = V ar(νi) .

Based on this set of assumptions, they derive the following measure of in-
terdependence:8

ξ = ρ

·
1 + δ

1 + δρ2

¸1/2
, (7)

which plays the same role as our φ. Note that the two measures (ξ and φ)
coincide when λj = λCj = 0.

8See Appendix A in Forbes and Rigobon (2002).

9



Is the linear model (5) in some sense special, or can it be derived from
more standard representations of rates of return? To address this question,
we rewrite the model by Forbes and Rigobon assuming that the true data-
generating process is our factor model (1):

ri =

µ
αi − αj

γi
γj

¶
+

γi
γj
rj +

µ
εi − γi

γj
εj

¶
. (8)

This expression reveals two potentially important sources of misspecification
in the statistic (7). First, as long as the market return in country j reflects
idiosyncratic noise (i.e. V ar(εj) > 0), the first hypothesis of the linear
model (5) is violated: rj will be correlated with νi in both tranquil and crisis
periods. Second, if V ar (εj) increases during a crisis, the second hypothesis
in (6) is also violated: the variance of νi will increase during a crisis. In other
words, a positive and possibly time-varying V ar(εj) implies that the linear
model (5) and the set of assumption (6) are not consistent with each other.
In light of standard pricing models, the analysis by Forbes and Rigobon is
internally consistent only under the (unrealistic) assumption that V ar(εj) =
V ar(εj | C) = 0 – which is the case where λj and λCj are identically equal
to zero.

What are the implications of adopting the statistic (7) in a test of con-
tagion? Suppose that V ar (εj) is positive but constant. Then, while rj will
still be correlated with νi in both the tranquil and the crisis periods, the
variance of νi will actually be constant, in line with the second assumption
in (6). Holding these hypotheses,9 our measure of interdependence can be
written as

φV ar(εj |C)=V ar(εj) = ρ

"
(1 + δ + δλj)

2

1 + δ

1

1 + ρ2δ (1 + λj)
2

#1/2
. (9)

As long as market idiosyncratic risk is homoskedastic, using (7) instead of
(9) will obviously bias the test. Nonetheless, this misspecification per se
does not allow us to sign the bias in ξ unambiguously.

By contrast, we can sign the bias from assuming a homoskedastic νi when
V ar (εj) changes during a crisis. In fact, the derivative of φ with respect to
λCj is negative. In other words, for any given λj, higher values of λCj move
φ towards the region where the null hypothesis of interdependence should
be rejected. It follows that, if the country-specific noise increases during a
crisis, the tests based on (7) are biased towards the null.10

9When V ar(εj) is constant, we have

1 + λj

1 + λCj
=
1 + δ + δλ

1 + δ
.

10The Forbes and Rigobon statistic can be defended under the special (and again un-
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4.2 Tests based on linearity and normality of returns

A similar test had been developed earlier by Boyer et al. (1999) and then
used by Loretan and English (2000). These authors assume that the vec-
tor (ri, rj)0 is a bivariate normally distributed random variable and analyze
cross-country correlation as a function of an increase in the variance of rj .

To relate this test to our analysis, consider the data-generating process
(1) under the assumption that f , εi, and εj are normally distributed. Specif-
ically, let (f, εi, εj)0 be multivariate normally distributed and define a matrix
A of rank 2 such that the vector A·(f, εi, εj)0 corresponds to our single-factor
model (1).11 By a well-known property of multivariate normal distributions,
the vector A · (f, εi, εj)0 is bivariate normally distributed.

Clearly, what makes this test different from our specification is not the
assumption that ri and rj are jointly normal. Rather, what matters is the
additional restrictions on the distribution of returns that are invoked by the
theorem in Boyer et al. (1999). To see what these restrictions are, it is
useful to recall that (ri, rj)0 can be written as P · (ui, uj)0, where ui and uj
are independent and normally distributed random variables, and

P =

· p
(1− ρ2) · V ar(ri) ρ

p
V ar(ri)

0
p
V ar(rj)

¸
is the Cholesky decomposition of the variance-covariance matrix of (ri, rj)0.
Using this decomposition, the data-generating process of the rates of return
can be rewritten as:

ri = αi + γi · rj + νi (10)

rj = αj + γj · νj .

with vi and vj independent and normally distributed. This model is clearly
equivalent to the linear model (5) of Forbes and Rigobon. Thus, Boyer et
al. (1999) and Loretan and English (2000) derive their measure of interde-
pendence from (10), using the same set of restrictions (6) on the correlation
between rj and νi and the variance of νi.12 It is therefore no surprise that

realistic) assumption that λj is positive in normal times, but there is no component of
the change in the variance of rj that is country-specific during a crisis. In other words,
corresponding to λCj = 0, the crisis in the stock market return in country j is assumed to
be a ‘global’ or ‘regional’ factor. Under this strong assumption, for any positive λj , the
statistic (7) is actually biased against the null: if tests based on ξ accept the null, a fortiori
tests based on φ would also accept the null. Observe that λj > 0 and λCj = 0 imply that
the variance of the global component in rj increases by more than δ, the increase in the
variance of the rates of return.

11This matrix is

A =

µ
γi 1 0
γj 0 1

¶
.

12See Boyer et al. (1999), page 17.
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the statistic derived by Boyer et al. (1999) and Loretan and English (2000)
is exactly the same as ξ – which ‘adjusts’ the sample correlation coefficient
by the full increase in the variance of rj during a crisis. Note that (10)
and the set of assumptions (6) imply that both the covariance between ri
and rj and the variance of ri are strictly increasing in the variance of rj ; it
follows that, during the crisis, the measure of interdependence (7) requires
Cov(ri, rj | C) > Cov(ri, rj) and V ar(ri | C) > V ar(ri).

The model (10), however, is not the only possible representation of
(ri, rj)

0.13 Specifically, define Q and (θ1, θ2)0 such that:

Q =

"
1 γi

γj

0 1

#
and

µ
θ1
θ2

¶
=

Ã
εi − γi

γj
εj

γj · f + εj

!
.

Then, our data-generating process (1) can be written as Q · (θ1, θ2)0. We
stress that this representation of the bivariate normal (ri, rj)0 is substantially
different from (10). By allowing for changes in the variance of both f and
εj , we obtain a more general model in which all the assumptions in (6)
are relaxed. Specifically, Cov(ri, rj | C) T Cov(ri, rj) and V ar(ri | C) T
V ar(ri).

The point is that alternative representations of (ri, rj)0 – implying al-
ternative assumptions on Cov(ri, rj | C) and V ar(ri | C)– lead to different
conditional correlation coefficients between ri and rj. Hence, our test can
be interpreted as an extension of the theorem in Boyer et al. (1999), to the
case of a more general structure of the covariance between ri and rj and the
variance of ri.

4.3 A summary

We can now summarize our criticism of the literature discussed above: both
(5) and (10) imply that ri depends linearly on rj . Conditional on a crisis,
both models ignore the country-specific component of the change in the
variance of rj. First, this is at odds with standard models of asset returns in
financial economics, such as the factor model that we have adopted in our
analysis.

Second, to the extent that the increase in the variance of the market in
country j is due to its idiosyncratic component, the theoretical correlation
coefficient (7) is biased. Such bias is larger, the larger the share of variance
in rj that can be attributed to innovations in country-specific shocks. This
could be an important reason why this kind of test hardly finds any evidence
of contagion. The question is therefore whether the country specific noise is
large enough to bias significantly the test. We address this issue below.

13For instance, let P = P1 · P2. We can then write (ri, rj)0 as P1 · (ω1,ω2)0, whereas
(ω1,ω2)

0 = P2 · (ui, uj)0 and the correlation between ω1 and ω2 is not necessarily equal to
zero.
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5 Are existing tests of contagion biased in favor of
the null of interdependence?

5.1 A conditional test

In this section, we develop a testing framework aimed at highlighting the
sensitivity of test results to different values of the ratio of country-specific
vs. common factors in the process generating market returns. Although
our test is symmetrical, hereafter we adopt the common practice of focusing
on contagion as a phenomenon in which correlation is significantly higher
during the crisis period. Hence, our test hypotheses are:

H0 : ρC ≤ φ interdependence (11)

H1 : ρC > φ contagion .

We proceed in two steps. First, we use the statistic φ to calculate thresh-
olds for λj and λCj at which the test would reject the null of interdependence
in favor of contagion at some given confidence level. To clarify the mean-
ing of the critical thresholds for λj and λCj , consider first the case in which
λCj = λj . The statistic becomes

φ(λj , δ, ρ) = ρ

·
1 + δ

1 + δρ2(1 + λj)

¸1/2
.

By inspecting this equation, we see that φ is monotonically decreasing in
λj, for given ρ and δ. Suppose we find ρC significantly larger than φ for
a given λj = λ0; it follows that ρC is also significantly larger than φ for
any λj = λ00 > λ0. Therefore, we can look for the minimum value of λj
– denoted with λ̄ – at which the hypothesis of interdependence would be
rejected at some preset confidence level.

Analogously, in the case λCj 6= λj , equation (3) shows that φ is monoton-
ically decreasing in λCj . For any given λj we can look for the minimum value

of λCj – denoted with λ̄
C – at which the hypothesis of interdependence

would be rejected. Thus, while in the case of a constant λj we derive a
threshold value λ̄, when λj is allowed to vary across periods we derive λ̄

C as
a threshold function of λj .

Second, we compare the above thresholds with various estimates of the
relative volatility of country-specific and common shocks in country j. When
the estimated variance ratios are significantly above the thresholds, i.e.
above what is required for the test to accept the null hypothesis of inter-
dependence, we interpret such result as evidence in favor of the alternative
hypothesis of contagion.
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5.2 Critical levels for the variance ratios

Our case-study is the international impact of the October 1997 stock market
crisis in Hong Kong. Using data from Thomson Financial Datastream, we
analyze correlations between Hong Kong stock market returns and those
of ten emerging economies (Indonesia, Korea, Malaysia, the Philippines,
Singapore, Thailand, Russia, Argentina, Brazil and Mexico) and the G7
countries. For the sake of simplicity, we carry out a test of equality between φ
and ρC by adopting the Fisher z-transformation as our testing framework –
details of the test are presented in Appendix II. Adopting alternative testing
frameworks would not significantly affect our main results, nor change the
central message of this paper.14

In our benchmark estimation we calculate two-day rolling averages of
daily returns in US dollars and we define tranquil and turbulent periods as
stretching from 1 January 1997 to 17 October 1997 and from 20 October
1997 to 30 November 1997 respectively.15 This definition of the crisis period
follows the crash of the stock market in Hong Kong, which plunged by 25
per cent in just four days starting on 20 October 1997. Hong Kong stock
prices declined until the end of November, apparently influencing returns in
several other markets.

Test results are presented in Table 1. The first two columns of the table
report estimates of the correlation of market returns in Hong Kong with the
market returns in each country in the sample, in tranquil and crisis periods.
Correlation coefficients are calculated using two-day rolling averages of stock
market returns in US dollars. The third column of Table 1 reports the
threshold level λ̄ for the case of a constant variance ratio (corresponding
to the value of expression (20) in Appendix II). Consistently with the logic
of our test, if the variance ratio in Hong Kong during 1997 is constant
and lower than

_
λ, the test accepts the null hypothesis of interdependence.

From the first three columns in the table, it is apparent that
_
λ tends to be

larger, the smaller the difference between the estimated correlations in crisis
and tranquil periods, bρC and bρ; in other words, if the correlation between
two stock markets does not increase sharply during the crisis, the null of
interdependence can be rejected only for very high values of the variance
ratio. Given the sample size of our case-study, the null of interdependence
cannot be rejected at all (so that λ̄ = +∞) when the correlation in the crisis
period is sufficiently low (that is, lower than 0.32 according to expression

14Note that, despite the different methodology, the results in Forbes and Rigobon (2002)
coincide with our results when we adopt the statistic ξ.

15We use US dollar returns because they represent profits of investors with international
portfolios. As stock markets in different countries are not simultaneously open, two-day
rolling averages of returns have been preferred to simple returns. Appendix II shows
that these choices do not affect our main results, which are also robust in many other
dimensions.
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(21) in Appendix II). Conversely, the null of interdependence is rejected for
any value of λj when the correlation in the tranquil period is close to zero,
as in the case of Italy.

The evidence in Table 1 suggests that the null hypothesis of interdepen-
dence will be rejected for relatively low values of λj in the case of Italy,
France, Singapore, the UK and the Philippines. For instance, if λj = 3.6
(a value that we will find in one of our estimates) our test would reject in-
terdependence for all the countries listed above. At λj = 7.1 (that will be
our highest estimated value), the test would also reject for Germany and,
weakly, for Indonesia.

To introduce the discussion of our results in the case of variable variance
ratios – i.e. λj 6= λCj – we present a graph that plots λ̄Cj as a function
of λj for a particular country pair, Hong Kong and the Philippines. The
graph (which is based on equation (22) in Appendix II) is shown in Figure 2.
For any pair (λj,λCj ) above the function, the test will reject the hypothesis
of interdependence. For any pair (λj ,λCj ) below the function, the test will
accept the null. At the intersection between the function and the 45◦ degree
line from the origin, both λ̄j and λ̄

C
j will coincide with the threshold λ̄

reported in Table 1.
As for the case of Hong Kong and the Philippines shown in Figure 2,

we can analogously calculate λ̄C as a function of λj for each of the other
16 countries in our sample. Based on these calculations, the fourth column
of Table 1 shows our estimate of λ̄C conditional on setting λj = 3. Note
that, for λCj as high as 4.5 (a figure that, together with λj = 3, corresponds
to one of estimates below), the test would reject the null hypothesis of
interdependence for Italy, France, the UK, Germany, the Philippines and
Singapore.

It is instructive to compare our results with the results of a Fisher test
of the null hypothesis ρC ≤ ρ, shown in the fifth column of the table. Based
on unadjusted sample correlation coefficients, the Fisher test rejects the null
hypothesis for about half the countries in our sample: Indonesia, the Philip-
pines, Singapore, Russia and, among the G7, Germany, France, the UK and
Italy. Compared with the results of our conditional test, the Fisher test
provides some weak evidence of contagion for three countries in addition to
those in our ‘list of suspects’ above (these additional countries are Germany,
Indonesia and Russia). The fact that this test rejects interdependence more
often is no surprise. As convincingly argued by the literature on conta-
gion tests reviewed above, ignoring that sample correlation coefficients are
a function of the variance of returns implies a bias towards contagion.

On the other hand, we can also show the consequences of employing
a statistic that ‘over-corrects’ the sample correlation coefficients, by com-
pletely disregarding the market-specific noise in country j. Recall that for
λj = λCj = 0, our statistic becomes equivalent to ξ, defined by (7). The
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sixth column of the table shows that applying a test based on ξ would reject
interdependence only in the case of Italy – that is, there would be almost
no evidence of contagion.

Figure 2. Hong Kong and the Philippines: Threshold Function
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5.3 Some evidence on the variance ratios

What do we know about λj and λCj ? Based on the single-factor model in
(1), we estimate these variance ratios using the residuals from univariate
regressions of Hong Kong market returns on a composite ‘common factor’,
proxied by the average daily return in a cross section of stock markets. We
calculate this cross-section average using both the sample of the G7 countries
and our full sample (excluding Hong Kong). As an alternative proxy, we also
use the ‘world stock market index’, an average of the stock indices of about
40 countries produced by Thomson Financial Datastream.

After computing the two-day rolling average of returns on the common
factor, we regress the two-day rolling average of Hong Kong returns on it.
The variance of the residuals from this regression gives an estimate of the
variance of the country-specific shock, from which we calculate λj. We also
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report a second set of estimates, in which we include a ‘common regional’
factor, as proxied by Asian stock markets (with and without Hong Kong),
in addition to the global factor.

We show our results in the first half of Table 2. In our sample, the order
of magnitude of our point estimates of the variance ratio for Hong Kong
is between 2.4 and 5.7: i.e. in the Hong Kong stock market the variance
of country-specific shocks is between 2.4 and 5.7 times the variance of the
global factor (multiplied by the factor loading γj).

Most crucially, while these ratios do not vary substantially between the
tranquil and the crisis period, the variance ratio tends to be higher in the
latter period than in the former. Using the world stock market index as a
benchmark, we obtain λj = 3 and λCj = 4.5. This is an important piece of
evidence contradicting the presumption that during periods of international
turbulence, most of the market noise in the country of origin of the crisis
becomes systemic, directly affecting other markets. According to our argu-
ment, a higher variance ratio during a crisis (λC > λ) exacerbate the bias
in the tests reviewed in section 3.

Our second estimates of the variance ratio is based on principal com-
ponent analysis. First, we calculate the principal components for our full
sample of rolling averages of returns. Then, we regress the rolling aver-
age of returns in country j on the principal components, using the residual
from this regression to estimate the variance of the country-specific shocks.
Results are shown in the second half of Table 2.

Our estimates of λj for the full sample are not too distant from what we
obtained using the composite global factor. The first principal component
gives an estimated variance ratio of 7.1. If we include the first five compo-
nents in the regression (so as to explain 76 per cent of the variance in the
sample), bλj is equal to 4.1. At the margin, the difference in the estimated
value of λj is only relevant in the case of Germany (for this country, λ̄ = 4.4).

In Appendix III, we report a number of robustness tests, whereas we
use returns in local currency instead of US dollars, change the definitions of
tranquil and crisis periods, replace rolling averages of returns with simple
daily returns, and estimate a VAR model of returns using domestic and US
interest rates as exogenous variables. None of our results is significantly
affected.

Overall, the evidence in this and the previous section suggests that the
magnitude of country-specific noise during a crisis is too large for the strong
results of interdependence reached by Boyer et al. (1999) and Forbes and
Rigobon (2002) to survive.
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6 Conclusion

This paper has presented a framework based on correlation analysis to tests
for contagion between stock markets in different countries. In the literature,
leading tests of contagion are derived from a linear relationship between
stock market returns. By contrast, our model moves from a standard model
in financial economics, that is a factor model of asset returns. Using this
framework, we provide a critique of tests in the literature that use the vari-
ance of market returns in the country where the crisis originates as a proxy
for the volatility of common factors. We show that failing to distinguish be-
tween common and country-specific components of market returns induces
a bias towards the null hypothesis of ‘no contagion’.

Indeed, focusing on the international transmission of shocks from the
Hong Kong stock market crisis in October 1997 as a case study, we find
that the strong result of ‘no contagion, only interdependence’ obtained by
previous contributions is quite dubious for a number of countries. In par-
ticular, we find evidence of contagion from the Hong Kong stock market
to the stock markets in Singapore and the Philippines, among the emerg-
ing markets, and France, Italy and the UK, among the industrial countries.
Adopting the leading test statistics in the literature would lead us to accept
the null hypothesis of ‘no contagion’ in all cases but Italy.

The empirical analysis of this paper has been kept simple (we used a
single-factor model of returns), and as close as possible to correlation anal-
ysis. However, our analysis makes a quite general point, as we have shown
that there is no single measure of interdependence that can be derived inde-
pendently of a model of asset returns. Moreover, whatever the model pre-
ferred by the analyst, our results suggest that country-specific noise cannot
be ignored in testing for structural breaks in the international transmission.
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A Appendix I

This appendix derives the expression (3) of the coefficient of interdepen-
dence φ in the general case. From the data-generating process of ri, the
unconditional variance of the idiosyncratic shock εi can be written as:

V ar(εi) = V ar(ri)− γ2i · V ar(f) .
By the definition of λj and the data-generating process of rj, we can also
get:

V ar(f) =
V ar(rj)

γ2j(1 + λj)
.

Therefore, we find:

V ar(εi)

γ2i · V ar(f)
=

V ar(ri)

γ2i · V ar(f)
− 1 = γ2j (1 + λj)V ar(ri)

γ2iV ar(rj)
− 1 . (12)

For convenience, we rewrite the expression of the correlation coefficient in-
duced by the process (1):

ρ =
1h

1 + V ar(εi)
γ2i V ar(f)

i1/2 · [1 + λj ]
1/2
. (13)

Substituting (12) into (13), we obtain the unconditional correlation coeffi-
cient as a function of the rates of return, the factor loadings and λj :

ρ =
γi
γj

"
1

1 + λj

µ
V ar(ri)

V ar(rj)

¶−1/2#
. (14)

We now turn to the crisis period. From the data-generating process of
the rate of return of the stock market in country i, the variance of ri during
the crisis is:

V ar(ri | C) = γ2i · V ar(f | C) + V ar(εi) . (15)

Note that from the data-generating process (1) and from the definition of
λj and λCj , it follows that:

V ar(rj | C)
V ar(rj)

= 1 + δ =
1 + λCj
1 + λj

V ar(f | C)
V ar(f)

. (16)

By solving (16) for V ar(f | C) and substituting the resulting expression into
(15) we get:

V ar(ri | C) = V ar(ri) + ψγ2iV ar(f) ,
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where ψ is defined as in follows

ψ =
δ(1 + λj) + (λj − λCj )

1 + λCj
.

Hence, we obtain:

V ar(ri | C)
V ar(rj | C) =

V ar(ri) + ψγ2iV ar(f)

(1 + δ)V ar(rj)
=

=
V ar(ri)

(1 + δ)V ar(rj)
+

ψγ2i
(1 + δ)(1 + λj)γ2j

. (17)

From (14), the correlation coefficient during the crisis period in the hypoth-
esis that only the variances of f and εj change, while the factor loadings
remain constant – which is our coefficient of interdependence φ – can be
written as:

φ(λj ,λ
C
j , δ, ρ) =

γi
γj

"
1

1 + λCj

µ
V ar(ri | C)
V ar(rj | C)

¶−1/2#
. (18)

Substituting (A.6) into (18), we finally obtain:

φ(λj ,λ
C
j , δ, ρ) =

"
(1 + λCj )

2

(1 + δ)

γ2j
γ2i

V ar(ri)

V ar(rj)
+

ψ(1 + λCj )
2

(1 + δ)(1 + λj)

#−1/2
=

=

"
(1 + λCj )

2

(1 + δ)(1 + λj)2ρ2
+

ψ(1 + λj)(1 + λCj )
2ρ2

(1 + δ)(1 + λj)2ρ2

#−1/2
=

= ρ

(
(1 + λCj )

2 · £1 + ψ(1 + λj)ρ2
¤

(1 + δ)(1 + λj)2

)−1/2
,

which can be rearranged to give equation (3).

B Appendix II

Tests of equality between two correlation coefficients can be performed using
the Fisher z-transformation:

z(bρ) = 1

2
ln
1 + bρ
1− bρ ,

where bρ is the estimated correlation coefficient. Under the assumption that
two samples are drawn from two independent bivariate normal distributions
with the same correlation coefficient, Stuart and Ord (1991 and 1994) show
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that the difference between estimated z (bρ) in the two samples converges to
a normal distribution with mean and variance specified below:

N

µ
0,

1

n1 − 3 +
1

n2 − 3
¶
,

where n1 and n2 denote the size of the two samples. The threshold values
of λj and λCj , respectively denoted by λ̄ and λ̄

C , can then be derived from:

z(bρC)− z(bφ(λ̄, λ̄C)) = `σz , (19)

where bρC is the estimated correlation coefficient during a crisis, bφ(λ̄, λ̄C) is
(3) evaluated using the estimated correlation coefficient in tranquil periods
(bρ) and the estimated average increase in the variance of returns during a
crisis (bδ), σz = ³

1
n−3 +

1
nC−3

´1/2
, n and nC denote the sample size of the

tranquil and the crisis periods, respectively, and ` is a constant depending
on the chosen confidence level.

In the case λj = λCj , the threshold level of the variance ratio, λ̄, can
easily be found by inverting equation (19). When ρ > 0, this yields:

_
λ =


½hbρ bω+1bω−1

i2 ³
1 + δ̂

´
− 1
¾

1
δ̂bρ2 − 1 if bω > 1

+∞ if bω ≤ 1 , (20)

where bω = exp h2³z(bρC)− `σz´i. Note that
bω > 1 ⇔ bρC > exp(2`σz)− 1

exp(2`σz) + 1
. (21)

In the case λCj 6= λj, equation (19) can be rewritten as:"
1 + bρ2bδ(1 + λj) + (λj − λ̄

C
)

(1 + λ̄
C
)

(1 + λj)

#Ã
1 + λ̄

C

1 + λj

!2
−

−
µbρbω + 1bω − 1

¶2 ³
1 + bδ´ = 0 ,

which implicitly defines λ̄C as a function of λj , bδ,bρ, bω. We then have:
_
λ
C
=

½
λ̄
C
(λj,bδ,bρ, bω) if bω > 1
+∞ if bω ≤ 1 . (22)

A problem in the above procedure is that the assumption of independent
samples is violated, since bδ depends on both the tranquil and crisis period
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samples. To determine the significance level of the test, we resort to Monte-
carlo simulation experiments. Setting ` = 1.645 (the value corresponding to
a 5 percent significance level in the standard test), we have run 1, 000, 000
replications for different country pairs, varying the parameter values and
sample size. In all our simulations, the significance level of the statistic (19)
with ` = 1.645 is comprised between 7 and 9 per cent. For instance, set-
ting n = 208, nC = 30 and δ = 8.72, as in our benchmark estimation, and
ρ = 0.22, ρC = 0.66, which are the observed correlation coefficients between
the markets of Hong Kong and the Philippines, the significance level of the
test corresponding to (19) is 8.1 per cent.

C Appendix III

Our test results are not sensitive to a number of changes in our sample. In
order to show this, we have run our tests using returns in local currency
(instead of the US dollar), modifying the definitions of tranquil and crisis
periods, replacing rolling averages of returns with simple daily returns, and
filtering the data with US interest rates. Table 3 summarizes the results,
showing the number of countries for which interdependence is rejected under
each run of the analysis. For each definition of our sample, we carry out
Fisher’s test, as well as our test procedure with λj = λCj =

bλ (where the
constant variance ratio is estimated using the ‘world stock market index’)
and with λj = λCj = 0.

Our conclusions are quite robust to a change in the currency of denom-
ination of stock prices. This is true not only for countries that maintained
a fixed or quasi-fixed exchange rate with respect to the dollar, but also for
countries whose currencies depreciated sharply in our sample period. In the
case of Thailand and Hong Kong, for instance, bρ and bρC are equal to 0.10
and 0.01, respectively, when using returns in local currency, whereas they
are 0.11 and 0.01 when using returns in dollars. When we run our test set-
ting λj = λCj = 0, in our benchmark sample we reject interdependence only
for Italy; using returns in local currency we also reject interdependence for
the UK. When we set λj = λCj =

bλ, our test rejects the null for Italy, the
UK, Singapore, France and the Philippines, regardless of the currency in
which we calculate returns.

By the same token, our results are robust to changes in the timing of
the tranquil and the crisis periods. When we alter the definition of tranquil
period to include 1996, our test rejects the null for Italy, Singapore, France
and the Philippines, but not for the UK. As correlation remained quite high
on average at the end of 1997 (see Corsetti et al. (2001)), we have also
estimated a model including December 1997 in the crisis period. In this
case, results are unaffected relative to our benchmark estimation.

Interestingly, if we replace two-day rolling averages with simple daily
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returns, the number of cases in which the conditional tests reject interde-
pendence increases noticeably, both for λj = λCj = 0 and for λj = λCj =

bλ.
In particular, conditional on λj = λCj = 0, we reject interdependence for
Italy, France, the UK; using the estimated variance ratio together with the
hypothesis λj = λCj , we also reject for Singapore, the Philippines, Germany
and Russia.

Finally, we have run the same testing procedure as in Forbes and Rigobon
(2002), consisting of a VAR model of returns using domestic and US interest
rates as exogenous variables. We have also expanded on their test by includ-
ing oil prices as an exogenous variable. The results from these procedures
confirm our conclusions.
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D Tables

Table 1. Hong Kong Crisis – Conditional and Fisher Tests

Country bρ bρC _
λ λ̄

C
(λj = 3) Fisher if λ = 0

Indonesia 0.31 0.60 7.1 5.6 C * I
Korea 0.16 0.07 +∞ +∞ I I
Malaysia 0.20 0.43 64.5 16.9 I I
Philippines 0.22 0.66 2.6 2.8 C ** I
Singapore 0.36 0.76 1.5 1.8 C ** I
Thailand 0.11 0.01 +∞ +∞ I I
Argentina 0.26 0.21 +∞ +∞ I I
Brazil 0.20 0.31 +∞ +∞ I I
Mexico 0.29 0.45 49.3 20.0 I I
Russia 0.19 0.53 13.8 6.4 C * I
USA 0.15 0.26 +∞ +∞ I I
Japan 0.28 0.33 7487 361.2 I I
Germany 0.24 0.63 4.4 3.7 C ** I
France 0.17 0.66 1.2 2.3 C ** I
United Kingdom 0.17 0.63 2.3 2.8 C ** I
Italy 0.00 0.63 0.00 0.0 C ** C
Canada 0.27 0.37 390 61.8 I I

Note: bρ and bρC are estimated correlation coefficients of two-day
rolling averages of returns in the tranquil and crisis periods;

_
λ is

the threshold variance ratio as defined in the text (for bδ = 8.72
and λj = λCj ); the fourth column reports the threshold for λ

C
j

given λj = 3. The fifth column reports the results of the Fisher
test: C* (C**) indicates that the hypothesis bρC ≤ ρ is rejected
at the 5 (1) per cent significance level; the sixth column shows
the results of a ‘contagion’ test where we set λj = λCj = 0.
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Table 2. Estimations of the Variance Ratio for Hong Kong

λ = λC λ λC

Cross section:
G 7 2.8 2.9 3.2
Full sample 2.4 2.6 2.6
US and Asia 3.2 3.2 3.2
US and Asia ex Hong Kong 5.7 5.1 6.7
World stock market index 3.6 3.0 4.5
Principal components:
First component 7.1
First two components 7.0
First five components 4.1

Table 3. Robustness – Test Results

Number of countries for which
interdependence is rejected

Test: Fisher test λ = λC = bλ λ = λC = 0

Sample:
Benchmark 8 5 1
Local currency 7 5 2
Tranquil: 3.1.96-17.10.97
Crisis: 20.10.97-28.11.97

8 4 1

Tranquil: 3.1.96-17.10.97
Crisis: 20.10.97-31.12.97

8 5 1

Daily returns 8 7 3

Note: The test λ = λC = bλ is based on a global factor estimated
as the return on the ‘world stock market index’.
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