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The Motivation: conceptual

Presence, repetition and severity of �nancial crises

Propagation

Distinction: economic linkages vs pure

Policy: limited vs. proactive
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The Motivation: methodological

Need for measurement of propagation

Distinction between"shift" and "pure"

There exist priors: Rigobon

But: feedback?
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Outline:

Priors in the literature

Background

The Problem: simultaneity

Empirical Results:

Rigobon; variance ratio
φ� θ test

Conclusions
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Priors in the Literature

"Shift" contagion: fundamentals: trade; similar initial
conditions; �nancial linkages

"Pure" contagion: no fundamentals; investor perception alone.

Most widely used methodologies in contagion literature:

Linear (OLS) regressions
Probit/Logit models
Tests based on principal components and correlation
coe¢ cients

Rigobon (2000, 2003, 2004)

Rigobon (1999), Forbes et al. (2001), Forbes and Rigobon
(2005)
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Background

Consider the case of two variables: yt and xt , to represent say
stock market indexes, or exchange rates of two countries.

Let them be associated by:

yt = βxt + εt (1)

where:

εt represents country-y�s speci�c shocks,
xt = ηt , with ηt representing country-x�s country speci�c
shocks,
and E [ηt εt ] = 0,E [εt ε

0
t ] = σ2ε ,E [ηtη

0
t ] = σ2η.
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Background

Now split the sample, with the variance of ηt increasing:
var
�
ηht
�
> var

�
ηlt
�
,

The β-estimates in the two samples should be consistent:

yht = βhxht + εt

y lt = βlx lt + εt

with plimβh = plimβl .

Since var
�
xht
�
> var

�
x lt
�
, for consistent β0s,

cov
�
xht , y

h
t

�
> cov

�
x lt , y

l
t

�
, and by the same proportion as for

var (xt ).
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Background

The original formulation of the problem:

var (yt ) is homogeneous of degree one on var (xt ) and
var (εt ),
∂var (xt ) /∂t > 0, but ∂βi/∂t = ∂var (εt ) /∂t = 0 over the
two samples,
=) ∂var (yt ) /∂t < ∂var (xt ) /∂t,
=) ∂var (yt ) /∂t < ∂cov (xt , yt ) /∂t
=) such that the correlation coe¢ cient must increase, with
ρh > ρl , since the noise/signal ratio in equation (1) is reduced.
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Background

Correct the bias in the correlation. De�ne:

var
�
xht
�
= (1+ δt ) σ2x

where var
�
xht
�
is the (conditional) variance of xt during the

period of increased variance, while σ2x is the (unconditional)
variance of xt over the full sample.
=) cov

�
xht , y

h
t

�
= (1+ δt ) σxy where σxy is the

unconditional covariance.
Then:

var
�
y ht
�

=
�
1+ δtρ

2
�

σ2y

ρht = ρ

�
1+ δt
1+ δtρ2

� 1
2

with ρ the unconditional correlation, and σ2y the unconditional
variance of yt .
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Background

Simple substitution gives the unconditional, unbiased
correlation coe¢ cient of Rigobon (1998):

ρ = ρht �
"
var
�
xht
�

σ2x
�

σ2y

var
�
yht
�#� 1

2

First test of non-fundamentals (pure contagion) led
explanation of contagion

Supposition:
var(x ht )

σ2x
>

var(y ht )
σ2y

.

Satis�ed:
�
var(x ht )

σ2x
� σ2y
var(y ht )

�� 1
2

< 1,

Violated:
�
var(x ht )

σ2x
� σ2y
var(y ht )

�� 1
2

> 1.
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The Problem of this Paper

Test premised on absence of simultaneity between market
indicator variables

Let:

yt = βzt + εt

xt = zt + ηt

where:

zt denotes either an aggregate unobservable variable, or the
impact of endogenous variables, with the coe¢ cient of zt in
the xt�equation normalized on unity, and where
only yt and xt observables.
=) E [ηt εt ] = 0,E [εt ε

0
t ] = σ2ε ,E [ηtη

0
t ] = σ2η condition is

violated.
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Test Allowing for Simultaneity

Let var (xt ) increase either by a shock to zt or ηt . In
particular, assume :

var
�
xht
�
= (1+ δz ) σ2z +

�
1+ δη

�
σ2η

δz , δη � 0, and σ2z , σ
2
η denoting the relevant unconditional

variances.

Then:

var
�
yht
�
= β2 (1+ δz ) σ2z + σ2ε

cov
�
xht , y

h
t

�
= β (1+ δz ) σ2z
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Test Allowing for Simultaneity

Hence the unconditional and conditional correlation
coe¢ cients are now given by:

ρ =
βσ2zh�

β2σ2z + σ2ε
� �

σ2z + σ2η

�i 1
2

ρh =
β (1+ δz ) σ2zh�

β2 (1+ δz ) σ2z + σ2ε
� �
(1+ δz ) σ2z +

�
1+ δη

�
σ2η

�i 1
2
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Test Allowing for Simultaneity

By de�ning λ = ρ
ρh
, and by virtue of simple substitution, it

follows trivially that:

λ < 1 i¤
cov (xt , yt )
cov

�
xht , y

h
t
� <  var �xht �

σ2x
�
var
�
yht
�

σ2y

!

λ > 1 i¤
cov (xt , yt )
cov

�
xht , y

h
t
� >  var �xht �

σ2x
�
var
�
yht
�

σ2y

!
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Test Allowing for Simultaneity

Note that:

δz ! 0, ρh < ρ

δη ! 0, ρh > ρ

Hence:

λ > 1) δz ! 0, =) shock to the system emerges through
ηt not zt .
λ < 1) δη ! 0, =) shock to the system emerges through
zt not ηt .
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Test Allowing for Simultaneity

This suggests an alternative test on the nature of the
propagation mechanism of �nancial crises:

Let φ = cov (xt ,yt )
cov(x ht ,y ht )

, θ =

�
var(x ht )

σ2x
� var(y

h
t )

σ2y

�
.

Shift Contagion: φ < θ, the implication is that the crisis is
being propagated through the interdependence of markets
(through common �fundamentals�, or through simultaneity),
increasing the comovement of market indicators.

Pure Contagion: φ > θ, the implication is that the crisis has
its source in a shock to a single �originator� country,
decreasing the comovement of markets.
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Illustration:

Johannes Fedderke & Marina Marinkov

Measuring Contagion under Simultaneity



Motivation Priors in the Literature Background The Problem The Data Empirical Results Conclusions

Statistical Properties of the Test

Monte Carlo simulations

Under the null, λ = 1, =) φ = θ, no contagion under either
de�nition.

Two one-tailed tests:

λ < 1, =) φ < θ, for shift contagion
λ > 1, =) φ > θ, for pure contagion

Monte Carlo simulations under two alternative distributional
assumptions:

εt � N (0, 1) , ηt � N (0, 1).
ln εt � N (0, 1) , ln ηt � N (0, 1).
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Statistical Properties of the Test

Critical values conditional on:

β, δz , δη

Power:

Probability that the test will reject a false null,
i.e. test will not make a Type II error.

Size:

Probability of false positive (reject null when true),
i.e. test will make a Type I error.

Johannes Fedderke & Marina Marinkov
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Critical Values
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Power Characteristics of the Test: Normal
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Power Characteristics of the Test: Log-Normal
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:

Under β = 1
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The Data

East Asian �nancial crisis: 1997-98.

10 Countries: Singapore; Thailand; Malaysia; Philippines;
Indonesia; Taiwan; S.Korea; Hong Kong; Brazil; South Africa.

Frequency: daily

Series: stock market returns.

Johannes Fedderke & Marina Marinkov
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Rigobon Variance Ratio Test: Stock Market Returns

Column: target countries; Row: progenitor countries
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Inference from Rigobon:

Equity market evidence:

For South Africa, Taiwan and Brazil: "pure� contagion on
asset markets is at least plausible.
For others, notably Malaysia: �shift� contagion.
Other countries: evidence mixed; at least some "shift" rather
than "pure" contagion.
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Equity Markets: phi-theta test

θ values above diagonal; φ values below diagonal
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Equity Markets: phi-theta test

Column: target countries; Row:progenitor countries

Thai. Phil. Mal. S.Kor. S.Afr. Braz. Ind. Tai. HK.

Sin. φ > θ φ > θ φ > θ φ > θ φ > θ φ > θ φ > θ φ > θ φ > θ

Thai. φ < θ φ < θ φ < θ φ < θ φ > θ φ < θ φ < θ φ < θ

Phil. φ < θ φ < θ φ < θ φ > θ φ < θ φ > θ φ < θ

Mal. φ < θ φ < θ φ > θ φ < θ φ > θ φ < θ

S.Kor. φ < θ φ > θ φ < θ φ > θ φ < θ

S.Afr. φ > θ φ < θ φ > θ φ < θ

Braz. φ > θ φ > θ φ > θ

Ind. φ > θ φ < θ

Tai. φ < θ

HK.

Table: Stock Market: phi-theta test
Johannes Fedderke & Marina Marinkov
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Signi�cance:
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Inference: phi-theta test

Equity Markets:

the propagation of the crisis from Singapore and Brazil, and
the impact of the crisis on Brazil and Taiwan satis�es the
condition for �pure� contagion,
for the rest, the evidence favours the presence of �shift�
contagion.
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Conclusions I: generic

The 1997-99 crisis was mixed in character, with evidence of
both shift and pure contagion emerging from the empirical
tests.

The nature of the contagion di¤ers between countries, and
depends on whether simultaneity is assumed present or absent
between markets.
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Conclusions II: without simultaneity

Over the 1997-9 period:

East Asia was characterized predominantly by shift contagion
equity market returns,
while only South Africa, Brazil and Taiwan faced pure
contagion in their equity markets.
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Conclusions III: with simultaneity

Over the 1997-9 period:

Equity Markets:
the propagation of the crisis from Singapore and Brazil, and
the impact of the crisis on Brazil and Taiwan satis�es the
condition for �pure� contagion,
for the rest, the evidence favours the presence of �shift�
contagion.
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Conclusions IV: a further puzzle

What if BOTH forms of contagion are present?
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