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Abstract

We empirically investigate why financial crises spread from one country to another.
For our analysis, we develop a new multiple-channel test of financial market conta-
gion and construct indices of crisis severity in equity markets in order to examine how
the transmission of shocks across countries can be related to direct linkages between
countries or to common characteristics. Based on network analysis with our proposed
multiple-channel test for crises between 2007 and 2021, we find that the Great Reces-
sion is the most pervasive across countries, followed by the European sovereign debt
crisis and the recent COVID pandemic, with the subprime mortgage crisis being the
least pervasive. Our main finding is that similar public, private and external debt char-
acteristics are particularly helpful in explaining the transmission of financial shocks
during crises. Fiscal deficits appear more important than current account deficits,
while stage of economic development matters more than regional linkages, but none
of these indicators is as important as debt.

Keywords Contagion - Debt - European debt crisis - Great recession - COVID -
Regional linkages

JEL Classifications C51 - GO1 - G15

1 Introduction

Recent crises have renewed interest in financial market contagion and its possible
sources. Contagion can be broadly described as a trigger country suffering a negative
shock that quickly spreads to other countries through numerous channels. Several stud-
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ies have investigated financial market contagion (King and Wadhwani 1990; Forbes
and Rigobon 2002; Bae et al. 2003; Fry et al. 2010; Keddad and Schalck 2020; Nitoi
and Pochea 2020), although the exact definition and measurement of contagion varies
considerably across studies.

The most commonly used definitions of financial market contagion are those pro-
posed by King and Wadhwani (1990) and Forbes and Rigobon (2002), who focus on a
comparison of the linear dependence structure across markets in non-crisis and crisis
periods. However, instead of focusing on the correlation of returns, other researchers
have considered alternative measures such as higher-order co-moments or tail depen-
dencies to capture contagion. For instance, Favero and Giavazzi (2002) explore outlier
tests, Bae et al. (2003) develop the co-exceedance approach based on extreme value
theory, Pesaran and Pick (2007) and Finta et al. (2019) propose the threshold tests of
contagion, Rodriguez (2007) and Silvapulle et al. (2016) study tail dependence using
copulas, Fry et al. (2010) introduce the co-skewness change tests, and Fry-McKibbin
and Hsiao (2018) developed the co-kurtosis and co-volatility change tests. This liter-
ature examines contagion by focusing primarily on single-channel tests, which may
not capture all relevant dependencies across financial markets. Moreover, as we show,
single-channel tests based on changes in correlation (Forbes and Rigobon 2002),
co-skewness (Fry et al. 2010), or co-kurtosis and co-volatility (Fry-McKibbin and
Hsiao 2018) have some size distortions when the sample period for a crisis episode is
relatively short compared to non-crisis periods. The most closely related paper is Fry-
McKibbin et al. (2021) who study the entropy theory through second- and higher-order
co-moments, but focus on measuring market interdependence rather than contagion.

Instead of just focusing on a single-channel test of contagion, we introduce a new
multiple-channel test for which the effects of a financial crisis can be identified not
only through a change in correlation, but also through changes in higher-order co-
moments.! Following Forbes and Rigobon (2002), we define contagion as a significant
change in aco-moment relative to what would be expected given heteroskasticity. How-
ever, our proposed test enables us to capture changes in various aspects of dependency
across asset returns, specifically correlation (how the mean return in one country
depends on the return in another), co-skewness (how the volatility in one country
depends on the return in another) and co-volatility (how the volatility in one country
depends on the volatility in another). Our formal test is based on a Lagrange multiplier
statistic constructed under the hypothesis of no change in co-moments relative to what
would be expected given heteroskasticity and we derive its distribution allowing for
the presence of a non-normal multivariate return distribution, as is appropriate for
financial time series.

In addition to providing a more comprehensive test for contagion that captures
linear, asymmetric and tail dependencies simultaneously, we also directly consider
why financial crises spread across countries. Several possible explanations have been
investigated in the literature, including trade linkages ( Van Rijckeghem and Weder
2001; Kali and Reyes 2010; Ters and Urban 2018, financial linkages (Ahlgren and
Antell 2010), regional proximity to the market in which the crisis originates (Glick

1 Fry-McKibbin et al. (2019) consider a multiple-channel test of contagion, but the channels correspond
to higher-order co-moments only.
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and Rose 1999), comparably stage of economic development (Fry-McKibbin et al.
2014), external and internal imbalances (Caramazza et al. 2004; Ehrmann et al. 2009;
Bekaert et al. 2011), as well as government debt (Reinhard and Rogoff 2011; Forbes
(2012)) and fiscal conditions (Dioikitopoulos 2018; Niemann and Pichler 2020). We
focus on which similar pre-crisis characteristics, including levels of different types of
debt, regional linkages and stage of development, are the most important in explaining
the likelihood of contagion.? The importance of these characteristics is determined by
grouping countries by characteristic and comparing a measure of crisis severity in
terms of frequency of significant contagion from a crisis for each country grouping.

Our main results can be summarized as follows: First, among the four financial
crises from 2007 to 2021 (the subprime mortgage crisis, the Great Recession crisis,
the European sovereign debt crisis and the coronavirus disease (COVID) crisis), the
crises associated with Great Recession seems from our proposed multiple-channel
test and network analysis to have been the most pervasive across countries, followed
by the European sovereign debt crisis and the COVID pandemic, with the subprime
mortgage crisis being the least pervasive. Second, debt conditions (public, private and
external debt) were the most important determinants in explaining the transmission of
financial shocks during crises. The current account balance did not necessarily alter
crisis transmission, while the evidence indicates that government fiscal balance was
only somewhat correlated with contagion during the crises. Third, compared with
stage of development, regional linkages were a weak predictor of contagion during
the financial crises. Only the European sovereign debt and, to some extent, the COVID
crises had evidence of regional contagion, as might be expected, but contagion with
the subprime mortgage crisis and the Great Recession crisis did not seem at all to be
regionally determined.

The rest of this paper proceeds are follows. Section 2 describes the single- and
multiple-channel tests of contagion considered in our analysis and considers their
finite-sample properties. The tests are then applied in Sect. 3 to investigate financial
market contagion during the four crises from 2007 to 2021. Section 4 concludes.

2 Contagion tests

This section provides details of the Lagrange multiplier tests of contagion used in
our analysis. Following the work of Fry et al. (2010) and Fry-McKibbin and Hsiao
(2018), the bivariate generalized exponential family of the distribution for the two
random variables r1 ; and rp; at time 7 is

[, r2) = explhy — ny), e

2 To be clear, we consider contagion across equity markets based on debt characteristics rather than
contagion across bond markets, such as considered in Gravelle et al. (2006).
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where h; specified as bivariate normal distribution through the first- to the fourth-order
co-moments gives

1 1 rie— re— 2\ rie — M1 e — U2
P , (" 5 , ,
13 2 p
2 l—p (o) (op) o1 (o)
2 2
rie— ra; — rie — . —
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and 7, is the normalizing constant

n = In//exp(h,)drldrz. 3)

The distribution in (1) is an extension of the univariate generalized distribution by Cobb
etal. (1983) and Lye and Martin (1993). The choice of /, corresponds to polynomials
and cross-products of standard scores for the two random variables r; and r,. The
parameter p controls the degree of linear dependence (correlation), the parameters
04 and 65 control the asymmetric dependencies (co-skewness) and the parameter 6g
control the extremal dependencies (co-volatility). In a special case, the distribution in
(1) reduces to a bivariate normal distribution if 64, 65 and ¢ in ( 2) are equal to zero.

We develop a Lagrange multiplier statistic to test joint co-moments. Giving a sample
of size T, the log-likelihood function corresponding to (1) is of the form

T

1 < 1
InL(®) = =} hi (©) = = mi (©), “)
=1

t=1

where ©® = (01, ..., Ok )’ is a finite number K of the unknown parameters. The hypoth-
esis to be tested is specified as Hy : 6y = 0,...,6, = 0; p < K. The Lagrange
multiplier test statistic is given by

o~

LM =TS(®)1(®)"'s(®), )

where © represent the maximum likelihood estimator of ® under the null hypothesis
and § (@) is the score function evaluated at ® given by

(0l L(® _
5 (0) = (na—(a()) ‘@ =6, ©)
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and / (@) is the asymptotic information matrix evaluated at © , which is derived by

Fry et al. (2010), given by
- dh, oh dh dh .
1@)=(E| = |-E| = |E|—]|)|@=0. 7
30 00’ 30 90/

Under the null hypothesis, the Lagrange multiplier test statistic is asymptotically dis-
tributed as X,%’ where p is the number of constraints imposed under the null hypothesis.
The advantage of using this test is that the Lagrangian multiplier test does not require
the estimation of the unrestricted model as the distribution in (1) is nested in the bivari-
ate normal distribution by setting the restrictions 64 = 65 = 6 = 0. The existing
contagion literature using Lagrange multiplier tests includes the co-skewness statis-
tics of Fry et al. (2010), the co-kurtosis and co-volatility statistics of Fry-McKibbin
and Hsiao (2018) and joint statistics of co-skewness, co-kurtosis and co-volatility
of Fry-McKibbin et al. (2019). The full derivations behind our multiple-channel test
statistic for correlation, co-skewness and co-volatility are given in Appendix B and
Appendix C.

In developing our test of contagion, the following notation is used. The pre-crisis
period is denoted as x, and the crisis period is denoted as y . The sample sizes of the
pre-crisis and crisis periods are T, and T, respectively. The correlation between the
two asset returns is denoted as p, (pre-crisis) and p, (crisis). The source crisis market
is denoted as i, and the recipient market is denoted as j. Finally, 1L, [ jx, iy and 1L,
are the sample means of the asset returns for markets i and j during the two periods,
and 0jy, 0x, 0;y and 0, are the sample standard deviations of the asset returns for
markets i and j during the two periods.

2.1 Single-channel tests

The existing contagion tests in the literature tend to focus on individual channels
for contagion. Four types of single-channel tests are considered here. The first is the
Forbes and Rigobon (2002) correlation change test where it is based on changes in
correlation. The second and third are Fry et al. (2010) co-skewness change tests where
they are based on changes in co-skewness. The final is Fry-McKibbin and Hsiao (2018)
co-volatility change test based on changes in co-volatility.

2.1.1 Correlation test

The first type of single-channel contagion test developed by Fry et al. (2010) extends
early forms of the correlation contagion tests of Forbes and Rigobon (2002). The test
statistic is based on significance change in the adjusted crisis period correlation (’V\y\xi)
compared to a pre-crisis period correlation (py) given by

2

STial > j) = [ —2=22 ) ®)

Var (ﬁY|Xi _ﬁx)

@ Springer



1604 C. Y-L. Hsiao, J. Morley

where Dy |y, is the heteroskedasticity adjusted correction coefficient derived by Forbes
and Rigobon (2002) given by

= Py
Yyl = = :
J1+(G2=a2) 32) (1-7)

The standard error for (8) is presented in Fry et al. (2010), where

©))

Var Dy, — px) = Var Dy, ) + Var (6x) — 2Cov (Dyx, . Ox) »
2
(+(@-7)m)
[1+ (@ -52) 32) (1-7)]
()L (2]

I AT
Var (7y) = (1—px),

NI*—‘

V‘”( ylx,) =

—
~

Cov (/V\ylxl- s IIO\X) = 55

2.1.2 Co-skewness tests

The second and third single-channel tests are the co-skewness tests proposed by Fry
et al. (2010). The tests are based on the significance change in the crisis co-skewness
coefficient (¥y) compared to the pre-crisis period co-skewness coefficient (1) given
as

2
N A G R A )
STi2(i — j) = ) (10)
Wi T2 A2
T, T,
2
B LACR G
STy (i = J) = , (11)

Ty T,
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where two forms of co-skewness moments during the pre-crisis (x) and crisis (y)
periods be

~ b
-~ rll‘_Mlx rjt — Mjx
v (r-“,rl-’)=— ( ) < — ) : (12)
T tXI: Oix Ojx
T,
1 (rie = By \* (7 — Bjy \”

o\ = — — — , 13

W)<, /) T, ( Oiy i (13)

Ojy

where a = 1, b = 2 is the first form of co-skewness and a = 2, b = 1 is the
second form of co-skewness. The first form of S77. is a test for contagion through
new spillover from the level returns of the source country i to the squared return of
the recipient country j. The second form of S75.; is a test for contagion through new
spillover from the squared returns of the source country i to the level returns of the
recipient country j.

2.1.3 Co-volatility test

The final single-channel test is the co-volatility contagion test developed by Fry-
McKibbin and Hsiao (2018). The test is based on the significance change in the

crisis co-volatility coefficient (Sy ( o 1)) compared to the pre-crisis co-volatility

coefficient (éx ( 7 ])) given by

2

5 (22) -5(2)

Wi 167, T4 4pt+ 1607 +4
Ty T,

STaa (i — j) =

where

2 o~ 2

~ Z Vit — K Yit — Hj

EY (riz’rfz>: < ltUty ly) < jt/O'\/'y ]y> _(1+ZT)\§|X1)7 (4
Xit ,u 2 x't_ﬁ' :

o~ - X N X _~

& (r?’rf)= Z( T ) ( j G : ) — (4259, (16)

=1

(15) and (16) are the demeaned fourth-order co-moments during pre-crisis and crisis
periods, respectively. The ST>.; is a test for contagion through new spillover from the
squared returns of the crisis country i to the squared returns of the recipient country
Jj. Under the null hypothesis of no contagion, the test statistics are asymptotically

.. d
distributed as ST1:1, ST1:2, STp.1, STr.n —> x12.
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2.2 Multiple-channel test

The new contagion test developed in this paper involves a more general statistic, as it
is designed to identify contagion through changes in multiple channels of correlation,
both forms of co-skewness and co-volatility. The statistic (M T) is designed to test for
contagion from country i to country j (see Appendix C for details):

2 2
A AT

MT (i — j) =
1 1 2 2
LT o
- 2 .1 2 7 2 .2 - 2 .2 2
B (o) s () (90 (rFr3) =9 (7.15)
+ 2 2 + 4 4 - (17)
T, 1 ot

where Dy, is the heteroskedasticity adjusted correction coefficient in equation (9),

= 1, b = 2 is the first form of co-skewness, and a = 2, b = 1 is the second
form of co-skewness during the pre-crisis and crisis periods in equations (12 ) and
(13), and @ = 2, b = 2 is the co-volatility during the two periods in equations (15)
and (16). The statistic MT consists of four components capturing correlation, both
forms of co-skewness and co-volatility simultaneously. Under the null hypothesis of no

contagion, the test statistic in (17) is asymptotically distributed as M T N Xf, where

the number of degrees of freedom is determined by the number of restrictions imposed

on (2) under the null hypothesis which for this class of tests is p = 64 = 05 = 05 = 0.
Table 1 summarizes the different single- and multiple-channel tests.

2.3 Finite-sample properties

We study the finite-sample properties of the single- and multiple-channel tests in the
context of a relatively large pre-crisis sample size but relatively short crisis sample
size, which is the standard setting for most financial market crises. To investigate this
issue, the finite-sample distribution properties of the contagion tests under the null
hypothesis of no contagion are conducted through simulations. The data generating
process is based on the bivariate generalized normal distribution in (1), setting that the
population means and variances at 4 = 0, and 0> = 1, as well as the null hypothesis
of no contagion is p = 64 = 65 = 65 = 0. The joint density function is

1 2 2
f(ri,r) =exp <_§(r1 +r2)—n>, (18)

where 7 is the normalizing constant such that f f f(r1, r)dridr, = 1. To allow for
varying crisis period sample sizes, nine experiments are conducted, with the non-crisis
sample size set to 500 days (7 ) and the crisis period sample size varying from 30 to
500 days (T, = 30, 60, 90, 120, 150, 200, 300, 400, 500).
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1608 C. Y-L. Hsiao, J. Morley

Table 2 Empirical size of alternative contagion tests based on the different lengths of the crisis period
sample size T

Tests Sample size of crisis period (Ty)
500 400 300 200 150 120 90 60 30
ST 0.052 0.053 0.052 0.052 0.054 0.056 0.057 0.062 0.080

ST 0.050 0.051 0.049 0.046 0.049 0.047 0.046 0.044 0.038
STr:q 0.049 0.049 0.049 0.051 0.050 0.047 0.048 0.042 0.039
ST 0.047 0.049 0.048 0.046 0.042 0.042 0.037 0.033 0.019
MT 0.053 0.053 0.052 0.053 0.054 0.054 0.054 0.054 0.056

The pre-crisis sample size is 7y = 500. The empirical size of the ST7.1, ST1.2, ST2.1 and ST>., tests is
based on the 5% asymptotic X12 critical values with 1 degree of freedom and the M T test is based on the

5% asymptotic xf critical values with 4 degrees of freedom. The results are based on 50,000 replications

Table 2 reports results for the empirical size of the contagion tests as the duration
of the crisis period 7y is decreased from 500 to 30 days. The duration of the pre-
crisis period is set to 7, = 500 days. The number of replications is 50,000 for all
simulations in order to minimize the effect of any simulation error on our inferences.>
The empirical size for the STi.1, ST1:2, ST>.1 and ST».» tests is based on the 5%
asymptotic x? distribution critical value, but for the MT test is based on the 5%
asymptotic x; distribution critical value.

The results show that given a relatively large pre-crisis sample size (7, = 500), but
relatively short crisis period sample size (7}, = 30), the proposed M T test provides a
good approximation of the finite-sample distribution among the five contagion tests,
with the empirical size being close to the nominal size of 5%. Given larger crisis period
sample sizes, the remaining tests (S77.1, ST1.2, ST>.; and ST5.») exhibit the correct
size of 5%. However, if the crisis sample size is short (7}, = 30), the ST1.2, ST».1 and
ST, tests are slightly undersized with values of 3.8%, 3.9% and 1.9%, respectively,
but the S77.; test is slightly oversized with value of 8.0%.

3 Application to four episodes of crisis
3.1 Data
To investigate the impact of the four financial crises on equity markets of different

countries around the world, we consider daily equity price indices for 44 countries
during the 2005 to 2021 period collected from Datastream and Bloomberg database.*

3 Results would be mostly the same to three decimals given only 25,000 simulations.

4 The equity indices, expressed in US dollars, are collected from Datastream. The mneumonics are:
Argentina — Argentina Merval price index; Australia - ASX200 price index; Austria - MSCI Austria price
index; Belgium - BEL20 price index; Brazil - MSCI Brazilian price index; Bulgaria - Bulgaria Se Sofix
price index; Canada - S&P Composite price index; Chile - Chile Santiago Se General price index; China
— Shanghai Se A Share price index; Colombia — Colombia IGBC price index; Denmark - OMX Copen-
hagen price index; Finland - OMX Helsinki price index; France - CAC40 price index; Germany - MDAX
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Table 3 Crisis and pre-crisis period dates

Crisis and non-crisis periods Start of period End of period Source

(i) Crisis period dates

Subprime mortgage (71, y) Jul 26, 2007 Sep 14, 2009 USA

Great Recession (73, ) Sep 15, 2009 Dec 31, 2009 USA

European debt (T3’y) Jan 1, 2010 Dec 31, 2013 Greece

COVID (Ty,y) Dec 31, 2019 Mar 17, 2021 China
(ii) Pre-crisis dates

Pre subprime mortgage (T} ) 1 Jan, 2005 25 Jul, 2007

Pre COVID (T ) 1 Jan, 2018 30 Dec, 2019

The 44 countries are classified into four regions: Africa, Americas, Asia and Europe,
which we consider to investigate contagion through the regional linkages.’
Daily percentage equity returns (R; ;) for the /th market are calculated as

Ry, =100 (In(Pr,e) — In(Pri-1)) 19)

where P;; is the equity index in market / at time f. Our sample period starts on
January 1, 2005, and ends on March 17,2021, which covers four episodes of financial
crisis: (i) the subprime mortgage crisis, (ii) the Great Recession, (iii) the European
debt crisis and iv) the recent COVID pandemic.® According to Fry-McKibbin et al.
(2014), the pre-crisis period is from January 1, 2005, to July 25, 2007 (T}, = 661
observations), while the crisis period is from July 26, 2007, to December 31, 2013
(Ty = 1680 observations).” The subprime mortgage crisis coincides with heightened

Footnote 4 continued

Frankfurt price index; Greece — Athex Composite price index; Hong Kong - Hang Seng price index; Hun-
gary — Budapest price index; India - CNX500 price index; Indonesia - IDX Composite price index; Ireland
— Ireland Se Overall price index; Italy - FTSE MIB price index; Japan - NIKKEI225 Stock Average price
index; Korea — Korea Se Composite price index; Malaysia - FTSE Bursa Malaysia Klci price index; Mex-
ico — Mexico IPC price index; Netherlands - AEX price index; New Zealand — MSCI New Zealand price
index; Norway - MSCI Norway price index; Peru - MSCI Peru price index; Philippines —PSEI price index;
Poland — MSCI Poland price index; Portugal - MSCI Portugal price index; Romania — Romania Bet price
index; Russia — Russia RTS price index; Singapore — MSCI Singapore price index; South Africa - FTSE
All Share price index; Spain - IBEX35 price index; Sweden - OMX Stockholm price index; Switzerland —
Swiss Market price index; Taiwan — Taiwan Se Weighed price index; Thailand — Bangkok SET price index;
Turkey - MSCI Turkey price index; UK - FTSE100 price index; USA — Dow Jones industrials price index.

5 The country in the African region is South Africa. The 8 countries in the Americas region are Argentina,
Brazil, Canada, Chile, Colombia, Mexico, Peru and the USA. The 13 countries in the Asian region are Aus-
tralia, China, Hong Kong, India, Indonesia, Japan, Korea, Malaysia, New Zealand, Philippines, Singapore,
Taiwan and Thailand. The 22 countries in the European region are Austria, Belgium, Bulgaria, Denmark,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Netherlands, Norway, Poland, Portugal, Roma-
nia, Russia, Spain, Sweden, Switzerland, Turkey and the UK.

6 The subprime mortgage crisis and Great Recession are separated by the severity of the collapse of Lehman
Brothers on 15 September of 2008, and the Great Recession and European debt crisis are separated by the
Greek bailout in the first quarter of 2010.

7 In order to avoid arbitrary selection of the pre-crisis and crisis periods, we consider Bai and Perron (2003)
structural break tests to identify the non-crisis and crisis dates. These tests support the dates specified in
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Fig. 1 Daily percentage returns of equity markets for 44 countries during the period of 2005 to 2021. The
shaded areas refer to four episodes of financial crisis. These are the subprime mortgage crisis (July 26,
2007 to September 14, 2009), the Great Recession crisis (September 15, 2009 to December 31, 2009), the
European debt crisis (January 1, 2010 to December 31, 2013) and the COVID pandemic (December 31,
2019 to March 17, 2021)

risk aversion and liquidity issues from July 26, 2007, to September 14, 2008 (T} , =
297 observations). The Great Recession crisis corresponds to September 15, 2008, to
December 31, 2009 (T2, = 339 observations). The European debt crisis corresponds
to January 1, 2010, to December 31, 2013 (73,, = 1044 observations). As the World
Health Organization (WHO) announces the first official case of COVID in China
on December 30, 2019, the pre-COVID period is defined from January 1, 2018, to
December 30, 2019 (T3,, = 514), and the COVID period is from December 31,
2019, to March 17, 2021 (T4, = 317), which is the most recent period available
at the time of writing.® The crisis source for the subprime mortgage crisis and the
Great Recession crisis is assumed to be the USA (Chan et al. 2019). For the European
debt crisis, the crisis source is assumed to be Greece (Beirne and Fratzscher 2013;
Samarakoon 2017), and for the COVID pandemic, the crisis source is assumed to
be China (Akhtaruzzaman et al. 2021). Table 3 summarizes the dates for each crisis
episode and its crisis source. All returns are plotted in Fig. 1, showing that the returns
volatility changes dramatically around the world during the crisis periods compared
with the pre-crisis periods.

To highlight changes in the behavior of equity returns between pre-crisis and cri-
sis periods, Table 4 reports descriptive statistics of the own-moments of the mean,
standard deviation, skewness and kurtosis of equity returns in each country during

Footnote 7 continued

Fry-McKibbin et al. (2014). We also perform the sensitivity analysis by taking the dates as one-month
before and after the structural break on July 25, 2007 for robustness. These structural break and robustness
test results are provided in Appendix D.

8 We filter the data in the same way as in Forbes and Rigobon (2002). Before conducting the contagion
tests, a vector autoregressive (VAR) model is used to control for market fundamentals (country-specificand
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the pre-crisis (January 1, 2005 to July 25, 2007) and crisis (September 15, 2008 to
December 31, 2009) periods. The first and second moments show that average returns
(mean) decrease while volatility (standard deviation) increase during the crisis period
compared with the pre-crisis period. Inspection of the third and fourth moments of
each returns suggests a change in the returns distributions from negative skewness in
the pre-crisis period to either smaller negative skewness or positive skewness in the
crisis period in most cases. Not surprisingly, kurtosis rises during the crisis period.

Table 5 reports the co-moment statistics of the equity returns between the US and the
43 selected markets during pre-crisis and crisis periods. As expected, the correlation
between the US and the selected market (except for Colombia) increases during the
crisis period, indicating that equity returns between markets are strongly correlated in
the crisis period. Both forms of co-skewness, which measures the relationship between
expected returns and volatility, switch from left- to right-skewed in most cases during
the crisis period. Co-volatility, which measures the correlation between volatilities,
increases during the crisis period. The higher value of co-volatility in the crisis period
implies that return volatility is high in both markets, thus increasing contagion risk in
the crisis period.

3.2 Contagion channels during the four financial crises

Tables 6, 7, 8, and 9 present the empirical results of single- and multiple-channel tests
of contagion during the four financial crises of 2007-2021 (the subprime mortgage
crisis, the Great Recession crisis, the European debt crisis and the COVID pandemic).
Under the null hypothesis of no contagion, the single-channel test statistics for the
STi.1, STi2, STr.1 and ST, are distributed asymptotically as X12 where the 5%
critical value is 3.84, and the multiple-channel test statistic for the M T is distributed
asymptotically as x f where the 5% critical value is 9.49.

3.2.1 Contagion from the USA during the subprime mortgage crisis

Table 6 presents the single- and multiple-channel tests of contagion based on changes
in correlation, co-skewness and co-volatility during the subprime mortgage crisis with
the source country specified to be the USA. Inspection of Table 6 reveals that among the

Footnote 8 continued
cross market relationships that always exist) and address any serial correlation. The VAR model is given by

Ry =¢ (L) Ry + uy,

where R; = [x;, y;]' is a transposed vector of returns across a set of equity markets during the non-crisis
(x) and crisis (y;) periods; ¢ (L) is a vector of lags, and u; is a vector of the residual terms. In order to
deal with equity markets open in different time zones, two-day rolling average returns are used in the VAR
model. The residuals u; are treated as financial shocks and are used in the calculation of the correlation
contagion statistic in (8), the co-skewness contagion statistics in (10) and (11), the co-volatility contagion
statistic in (14), and the multiple-channel test of contagion statistic in (17). To conduct the contagion tests
during the three episodes of financial crises from 2007 to 2013, the VAR model with 5 lags is estimated
based on the sample period of 2005 to 2013. As for testing contagion during the COVID pandemic, a VAR
model with 5 lags is estimated based on the sample period of 2019 to 2021.
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Table 4 Descriptive statistics of equity returns for 44 countries in four regions during pre-crisis (PC) and
crisis (C) periods

Region Country Mean SD Skewness Kurtosis
PC C PC C PC C PC C
Africa S. Africa 0.09  0.04 1.56 325 056  —0.21 5.73 5.43
Americas  Argentina 0.06  0.04 148 295 =039 —-0.63 513 5.92
Brazil 0.16  0.06 185 404 052 028 438 7.33
Canada 009 —-0.02 093 3.00 —-042 057 3.83 5.67
Chile 0.09  0.08 0.76 1.6l —-0.67 —-0.90 5.81 7.22
Colombia 0.17  0.06 1.88 188 —0.52 —-036 1396 596
Mexico 0.13  0.00 139 3.03 —0.19 0.10 5.85 6.18
Peru 020  0.09 1.59 350 046 —0.16 4.6l 5.49
USA 004 —-0.03 063 225 —-033 0.11 4.72 6.87
Asia Australia 0.09  0.03 098 305 —-048 —-096 4.17 7.20
China 020  0.13 1.60 215 —-0.66 —0.10 7.66 4.81
Hong Kong 0.07 0.04 0.87 2.81 —0.43 0.16 4.60 7.14
India 0.12  0.07 141 275 —085 0.35 7.02 8.96
Indonesia 0.13  0.10 1.54 255 —128 —-042 1494 674
Japan 0.04  0.00 .12 242 —-020 —0.19 420 6.83
Korea 0.14  0.02 1.20 349 —-041 0.3 4.04 11.45
Malaysia 0.08  0.06 072 124 —-082 0.16 9.25 4.59
New Zealand ~ 0.04  0.00 097 249 —-0.31 —045 347 5.09
Philippines 0.13  0.05 135 209 —-059 —-1.09 6.76 10.22
Singapore 0.10  0.04 094 242 -067 —0.13 584 5.09
Taiwan 0.06  0.08 1.00 203 —-057 —0.10 532 4.86
Thailand 0.06  0.05 138 212 =219 —-093 36.13 795
Europe Austria 0.09 —0.15 1.06  3.80 —-0.57 —0.01 6.41 4.38
Belgium 006 —-0.06 088 258 —023 —-020 457 523
Bulgaria 0.14  —-0.24 .08 270  0.05 —-0.76 550 5.61
Denmark 0.10 —-0.05 091 252 —-0.84 —-029 623 6.30
Finland 0.09  —-0.05 1.03 272 —0.13 0.04 5.34 4.53
France 006 —-0.02 092 289 023 0.18 4.20 6.36
Germany 0.11 —0.02 .06 293 —-056 0.03 6.23 4.93
Greece 0.09 -0.10 1.10 290 =037 —-020 582 4.86
Hungary 0.10  —0.01 1.65 395 —-026 —-0.02 420 6.23
Ireland 0.05 —-0.11 099 3.01 —0.65 —-0.68  7.16 6.11
Italy 0.04 -006 087 298 —-0.28  0.09 3.90 5.38
Netherlands 0.07 —-0.05 086 3.01 —-0.17  —0.02  4.76 6.13
Norway 0.11 —0.03 1.47 408 —-049 027 586 4.56
Poland 0.11 —0.07 1.68 3.65 —-0.17 —0.07 3.80 4.40
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Table 4 continued

Region Country Mean SD Skewness Kurtosis
PC C PC C PC C PC C
Portugal 0.08 0.01 0.76 2.30 0.34 —0.05 543 8.77
Romania 0.16 —0.06 1.79 3.50 —0.46 —0.37 8.82 4.71
Russia 0.18 0.02 1.60 4.09 —0.96 —-0.22 8.71 7.84
Spain 0.08 0.02 0.89 2.76 —0.19 0.03 4.16 6.15
Sweden 0.09 0.01 1.11 2.99 —0.32 —0.09 7.39 4.24
Switzerland 0.06 0.00 0.83 2.19 —0.32 0.21 4.48 5.74
Turkey 0.11 0.04 2.29 3.34 —0.67 —0.06 5.77 6.83
UK 0.06 —0.03 0.81 2.78 —0.16 0.00 4.15 6.67

The pre-crisis period is from January 1, 2005, to July 25, 2007, and the crisis period is from September 15,
2008, to December 31, 2009

Table 5 Co-moment statistics of equity returns for 43 equity markets with the US equity market during
pre-crisis (PC) and crisis (C) periods

2 1

Region Country (j) Correlation Co-skewness] Co-skewness, Co-volatility
PC C PC C PC C PC C
Africa S. Africa 0.25 042 —-0.14 —-0.30 —-0.10 —0.25 1.50 2.75
Americas  Argentina 0.47 062 —-035 —-0.59 -0.31 —047 299 334
Brazil 0.52 072 -0.27 —-0.07 -0.21 —-0.02 258 5.30
Canada 0.46 072 —-0.15 —-053 —-0.18 —-0.32 2.09 3.50
Chile 0.33 042 —-0.26 —0.49 —-0.28 —0.34 2,66 3.39
Colombia 0.26 026 —0.01 —0.21 —-0.02 —-0.52 223 227
Mexico 0.58 072 —-0.15 0.13 —-0.23  0.08 3.14 4.89
Peru 0.33 0.65 —0.17 -0.29 —-0.26 —0.20 1.90 3.80
USA 1.00 1.00  —-0.33 0.11 —-0.33  0.11 472 6.87
Asia Australia 0.04 0.26  0.00 —0.11 —-0.12  —-0.07 098 231
China 0.08 0.13 —-0.29 0.05 —-0.32  0.24 234 141
Hong Kong 0.11 036 —0.03 0.39 —0.09 0.38 1.05 3.74
India 0.09 042 —-0.02 -0.02 —-0.01 —0.03 1.28 2.18
Indonesia —0.03 0.15 0.09 —0.11 —-0.09 —0.43 1.11  1.80
Japan 0.05 0.01 —-0.08 0.10 -0.01 —-0.14 0.89 1.62
Korea 0.09 031 -0.10 0.37 —-0.12  0.07 1.09 3.22
Malaysia 0.04 021 —0.12 0.06 —-0.25 —-0.38 1.60 2.04
New Zealand —0.06 020 —0.02 —0.27 —-0.13  —0.42 098 1.63
Philippines 0.01 0.07  0.02 —0.11 —0.08 —0.25 092 1.35
Singapore 0.07 0.39  0.04 0.01 —-0.11  0.10 .13 2.74
Taiwan 0.04 0.16 —0.11 0.05 —-0.09 —0.26 093 145
Thailand 0.04 036  0.02 —0.32 —0.10 —0.11 0.68 1.87
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Table 5 continued

2

Region  Country (j)  Correlation Co-skewness] Co—skcwness; Co-volatility
PC C PC C PC C PC C
Europe  Austria 0.24 0.45 —-020 —0.06 -021 —0.23 1.47  2.80
Belgium 0.34 054 -0.13 —0.16 -0.17  —0.27 1.84 341
Bulgaria —-0.04 0.15 0.01 —0.22 0.06 —0.14 1.00  1.88
Denmark 0.25 046  —-0.17 —0.24 —-0.17  —0.21 1.55 2.86
Finland 0.34 050 —-0.12 —0.12 —-0.12  —-0.29 1.86  2.68
France 0.41 056  —0.09 0.00 —-0.14 —0.14 191  3.31
Germany 0.35 0.55 —-0.11  —0.06 —-020 —0.16 223 3.5
Greece 0.18 0.38 —-0.12  -0.24 —-0.18 —-0.22 1.64 2.05
Hungary 0.14 046  —0.15 —0.25 —-0.11 —0.22 125 3.18
Ireland 0.26 0.45 —-0.11  —0.50 —-0.15 —043 1.73 248
Italy 0.38 052  —-0.13 0.03 -0.17  —0.17 1.77  3.10
Netherlands ~ 0.39 058 —0.05 —0.14 —-0.11 —0.25 1.75 342
Norway 0.21 050  —0.05 —0.23 —-0.05 —0.27 133 2.64
Poland 0.20 0.41 —-0.17 —0.14 —-0.12  —0.15 1.30  2.07
Portugal 0.16 0.43 —-0.11  —0.03 —-0.12  —0.08 1.13 313
Romania 0.01 038  0.03 —0.13 0.07 —0.04 097 1.88
Russia 0.16 032 -0.14 —-0.26 —-0.05 —0.24 133 236
Spain 0.40 0.55 -0.11  —-0.13 —-0.16 —0.18 1.76  3.19
Sweden 0.30 049  -0.16 —0.15 -0.19 —-0.23 1.88  2.89
Switzerland ~ 0.30 050  —-0.10 —0.06 -0.13 —-0.23 1.81 3.8
Turkey 0.21 0.48 —0.18  0.01 —-0.15 —0.12 141 275
UK 0.36 0.55 —-0.02 —-0.16 —-0.12  —-0.22 1.69 352

The co-moment statistics of equity returns between the USA (i) and selected market (j) include correlation
(’ilr’ r}t ), co-skewness o (rilt, r/z.t ), co-skewnessy | (ri2t, r /1 t) and co-volatility (rizt, r/z.t ), which are computed

_ T ~ o~ ~\ o~
as T3 Zﬁtzlj,t, where z; ; = (rjy — ;) /0; and zj ; = (rj; — 11j) /5

four regions, the Americas region is the most affected by the subprime mortgage crisis,
followed by the Asian and European regions, with the African region the least affected
by the crisis based on single- and multiple-channel tests. In particular, all countries
especially those located in the Americas region are more exposed to contagion risk
through either single channel or multiple channel of correlation, co-skewness and co-
volatility. In terms of single channel tests, the correlation channel (S77.1) seems to
be the most dominant in detecting contagion from the equity returns of the USA to
the equity returns of the other North and South American equity markets, followed
by the co-volatility channel (S7».2), where the contagion effect is detected from the
square returns of the US equity markets to squared returns of the other North and South
American equity markets. Compared with correlation and co-volatility, co-skewness
channels (S77.» and S73.1) are weaker in detecting contagion between the returns of
the US equity market and the squared returns of the other North and South American
equity markets. In terms of multiple channel test, all joint co-moments of correlation,
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co-skewness and co-volatility (M T) are affected by contagion from the US equity
market to the other North and South American equity markets during the subprime
mortgage crisis.

3.2.2 Contagion from the US during the Great Recession crisis

Table 7 presents the empirical results of the single- and multiple-channel tests of
contagion during the Great Recession crisis of 2008-2009, with the source market is
again specified to be the USA. The results show that contagion effects are widespread
from the US equity market to the selected equity markets in four regions including
Africa, Americas, Asia and Europe during the Great Recession. Among these regions,
the European regions are most affected by the crisis from the US equity market since
all equity markets in the European region experienced a dramatic change in joint
correlation, co-skewness and co-volatility with the US equity market in the crisis
period compared with the non-crisis period. This result also anticipates the fact that
after the end of the Great Recession, the European region faced its own financial
crisis, namely the European sovereign debt crisis due to the problem of refinancing
government debt (Fry-McKibbin and Hsiao 2018). Besides Europe, the African, Asian
and Americas regions are also exposed to contagion risk during the Great Recession
as evident by financial market contagion between the US and selected equity markets
through either single channel or multiplier channel of correlation, co-skewness and
co-volatility.

3.2.3 Contagion from Greece during the European debt crisis

Table 8 presents the empirical results of the single- and multiple-channel tests of
contagion during the European debt crisis of 2010-2013, with the source market
specified to be Greece. Table 8 reveals significant evidence of contagion from Greece
to selected equity markets in four regions through either single or multiple-channel
of correlation, co-skewness and co-volatility during the European debt crisis. Not
surprisingly, among the four regions, the European region is the most affected region
by the crisis, with all equity markets except for Bulgaria affected by the crisis in at
least two transmission channels. The African, Americas and Asian regions are also
affected by the European debt crisis, but the contagion effect is not so strong as for
the European region.

3.2.4 Contagion from China during the COVID pandemic

Table 9 presents the empirical results of contagion tests during the COVID pandemic
of 2019-2021, with the source market specified to be China. Table 9 shows significant
evidence of contagion from China’s equity market to selected markets in the Americas
and Asian and European regions during the COVID pandemic through the single
channels of correlation, co-skewness or co-volatility. Among the four regions, the
Asian region is the most affected by contagion from China, followed by the Americas,
with no contagion from China to the African region during the COVID pandemic.

@ Springer



1616

C. Y-L. Hsiao, J. Morley

Table6 Contagion from the US equity market to recipient markets () during the subprime mortgage crisis

of 2007-2008

Region Recipient () Contagion tests
ST1:1 ST ST>.1 ST MT
Africa S. Africa 5.92* 3.02 0.91 0.75 4.10
Americas Argentina 15.35% 1.79 0.99 8.79* 38.59*
Brazil 32.35* 0.14 0.62 1.39 30.79*
Canada 20.79* 2.09 1.63 0.43 13.88*
Chile 8.90* 7.82* 0.92 0.07 14.79*
Colombia 5.75% 4.77* 3.59 1.49 15.68*
Mexico 12.08* 0.54 1.29 0.49 14.47*
Peru 14.14* 0.69 0.41 4.31* 22.67*
Asia Australia 0.80 0.75 2.61 0.52 4.21
China 3.45 5.10* 0.00 26.48* 33.45%
Hong Kong 4.84* 0.00 0.06 0.05 2.57
India 3.31 1.32 0.05 0.05 3.13
Indonesia 1.60 0.13 0.01 0.87 1.17
Japan 0.28 0.37 4.22% 1.68 6.39
Korea 0.65 4.42% 0.05 1.15 5.85
Malaysia 3.77 1.30 1.62 21.10* 28.45%
New Zealand 1.26 0.04 4.16* 2.33 7.56
Philippines 0.11 0.44 0.00 6.29* 7.05
Singapore 4.05* 1.11 0.57 0.24 3.80
Taiwan 0.31 6.37* 0.89 13.26* 21.50*
Thailand 0.00 0.06 0.75 11.40* 12.56*
Europe Austria 0.80 0.75 2.61 0.52 7.67
Belgium 5.41% 0.40 0.00 0.98 2.16
Bulgaria 0.50 3.65 4.40* 1.09 9.37
Denmark 5.28* 0.02 0.55 0.43 3.03
Finland 26.43* 1.32 0.19 0.08 15.50*
France 17.09* 0.24 0.52 1.82 7.11
Germany 17.92* 0.00 0.02 0.13 12.17*
Greece 2.92 0.05 0.01 5.32% 5.46
Hungary 0.08 6.38* 1.97 0.72 9.87*
Ireland 0.14 4.85* 2.71 4.52* 14.43*
Italy 14.23* 0.12 0.09 1.38 5.82
Netherlands 19.62* 1.27 1.28 0.88 11.18*
Norway 13.94* 0.32 1.42 0.42 8.64
Poland 0.50 0.08 0.26 1.02 1.39
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Table 6 continued

Region Recipient (j) Contagion tests

ST ST $Ta:1 S$Tan MT

Portugal 4.30* 0.20 0.34 1.89 3.50
Romania 0.06 0.18 0.62 5.67* 6.68
Russia 6.52% 2.06 0.00 7.04* 10.04*
Spain 18.86* 0.48 0.04 2.26 7.72
Sweden 8.45% 0.10 1.42 1.25 5.17
Switzerland 7.72% 0.09 0.39 0.15 4.26
Turkey 223 2.97 0.06 6.05* 9.32
UK 17.75* 0.01 0.02 0.98 7.05

STj.1 is the correlation contagion test in (8), ST7.2 and S75.1 are the co-skewness contagion tests in (10 )
and (11), ST7. is the co-volatility contagion test in (14), M T is the joint test of correlation, co-skewness

and co-volatility in (17). * denotes the significance of contagion at the 5% level

Table 7 Contagion from the US equity market to recipient markets (j) during the Great Recession of

2008-2009
Region Recipient (j) Contagion tests
ST ST STy S$Tan mrT

Africa S. Africa 0.22 4.36* 2.82 50.38* 73.98*

Americas Argentina 7.44% 0.03 1.63 23.53* 29.42*
Brazil 12.95* 0.97 1.58 46.75* 68.80*
Canada 3.16 11.51* 6.40* 47.21* 101.89*
Chile 7.91* 0.85 5.44* 18.09* 25.90*
Colombia 9.16* 1.50 0.02 0.24 6.91
Mexico 25.85* 0.02 0.00 14.03* 14.27*
Peru 0.84 1.00 0.46 41.79* 62.12*

Asia Australia 1.96 3.66 2.76 41.50* 62.00*
China 0.47 227 13.58* 10.97* 26.97*
Hong Kong 0.09 0.52 3.25 27.79* 36.99*
India 0.32 2.49 0.77 12.74* 19.34*
Indonesia 4.37* 0.80 3.60 2.90 10.16*
Japan 0.21 0.45 0.25 0.56 1.42
Korea 0.05 1.12 0.00 12.30* 15.01*
Malaysia 0.07 8.74* 1.15 0.88 11.30*
New Zealand 12.95* 4.53* 10.79* 20.19* 48.93*
Philippines 0.97 4.87* 0.00 5.41* 11.64*
Singapore 0.66 0.06 0.00 23.62* 31.35%
Taiwan 0.57 1.98 0.77 3.93* 7.36
Thailand 8.51* 2.21 5.67* 42.15* 67.69*
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Table 7 continued

Region Recipient () Contagion tests
ST1.1 STy2 STr.1 ST MT

Europe Austria 1.96 3.66 2.76 41.50* 70.96*
Belgium 6.42% 9.13* 3.81 79.50* 118.22%
Bulgaria 11.11* 2.06 3.38 7.98* 19.90*
Denmark 1.07 6.00* 8.72* 34.22% 58.89*
Finland 13.29* 1.25 4.69* 48.62* 62.24*
France 12.98* 3.83 3.80 46.38* 66.40*
Germany 6.07* 2.89 4.01* 32.10* 47.65*
Greece 0.32 2.30 2.09 38.57* 48.96*
Hungary 0.17 1.78 2.98 16.53* 26.82*
Ireland 1.41 8.74* 5.03* 96.11* 134.10*
Italy 8.87* 2.97 2.98 55.48* 75.17*
Netherlands 8.25% 15.41* 7.64* 82.02* 143.78*
Norway 0.25 8.66* 6.82* 59.17* 92.58*
Poland 0.00 2.26 2.61 33.77* 47.28*
Portugal 0.48 5.11* 6.20* 72.98* 110.61*
Romania 10.03* 1.45 3.36 11.01* 25.74*
Russia 1.45 5.39* 3.39 60.22* 75.50*
Spain 7.97* 5.49* 347 49.64* 75.57*
Sweden 10.38* 8.28* 2.87 43.67* 63.19*
Switzerland 4.98* 9.66* 7.13* 62.73* 96.18*
Turkey 0.00 0.87 0.84 58.40* 78.24*
UK 10.29* 12.04* 6.25* 68.71* 114.02*

STi.1 is the correlation contagion test in (8), S77.2 and S75.1 are the co-skewness contagion tests in (10 )
and (11), ST is the co-volatility contagion test in (14), M T is the joint test of correlation, co-skewness
and co-volatility in (17). * denotes the significance of contagion at the 5% level

The results for the multiple channel test reveal that contagion effects are widespread
from China’s equity market to the Americas’ equity markets (Argentina, Colombia
and Peru), Asian equity markets (Australia, Hong Kong, Korea, Singapore, Taiwan
and Thailand) and European equity markets (Bulgaria, Greece and Ireland) through
joint channels of correlation, co-skewness and co-volatility.

Overall, the results indicate that among the four episodes of crises from 2007 to
2021, the Great Recession seems to be the most pervasive crisis in leading to contagion
between the US equity market and the selected equity markets in four regions, followed
by the European debt crisis and the COVID pandemic, with the subprime mortgage
crisis being the least pervasive. When considering which single channel of contagion
is most important, the co-volatility channel is the most dominant, followed by the
correlation channel, with the co-skewness channels the least important in the financial
market contagion. The results are consistent with the fact that co-volatility, one of
the tail dependence, can better detect contagion than the correlation and co-skewness
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Table 8 Contagion from the Greek equity market to recipient markets (j) during the European debt crisis

of 2010-2013

Region Recipient (j) Contagion tests
ST1:1 ST ST>.1 ST MT
Africa S. Africa 116.61* 4.87* 1.24 19.11* 49.98*
Americas Argentina 3.97* 3.36 0.01 1.86 6.89
Brazil 16.34* 0.00 0.37 16.40* 18.97*
Canada 12.77* 0.23 0.62 30.90* 33.29*
Chile 7.09% 1.27 0.41 0.47 8.25
Colombia 8.34* 18.83* 247 264.20* 367.04*
Mexico 9.72% 0.01 0.01 0.29 5.80
Peru 17.47* 0.56 0.97 0.22 12.64*
USA 2.05 0.13 0.14 65.08* 70.96*
Asia Australia 39.64* 8.35% 0.37 34.47* 50.19*
China 0.13 0.25 242 9.02* 12.12*
Hong Kong 16.04* 0.31 0.01 20.82* 24.26*
India 21.67* 4.48* 0.24 0.02 19.64*
Indonesia 9.91* 6.17* 0.13 0.01 13.87*
Japan 18.19* 16.18* 0.03 9.27* 33.75*
Korea 10.48* 0.01 0.14 56.64* 59.07*
Malaysia 8.80* 1.06 0.94 0.80 7.71
New Zealand 2.31 5.55* 0.23 10.80* 17.11%*
Philippines 6.00* 5.22*% 1.17 0.65 12.24*
Singapore 26.56* 0.47 0.00 18.61* 23.24%*
Taiwan 8.59* 0.23 1.69 4.14* 9.53*
Thailand 6.28* 0.00 2.75 19.21* 23.15*
Europe Austria 91.75* 0.40 1.60 27.81% 40.29*
Belgium 98.34* 2.00 0.00 19.30* 35.42%
Bulgaria 0.37 3.50 0.75 2.12 6.68
Denmark 94.99* 0.01 0.53 12.24* 31.97*
Finland 75.56* 2.53 0.12 12.81* 30.83*
France 92.71* 1.00 0.00 44.31* 53.26*
Germany 162.11* 0.75 0.00 6.41% 49.89*
Hungary 23.81* 2.94 0.00 20.19* 26.13*
Treland 93.36* 3.37 0.05 6.92* 37.18*
Italy 95.86* 0.36 0.12 43.17* 51.68*
Netherlands 107.97* 1.96 0.01 31.41* 45.28*
Norway 57.92% 0.04 0.06 7.49* 23.17*
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Table 8 continued

Region Recipient (j) Contagion tests
STy ST ST>.1 ST MT
Poland 35.17* 1.48 0.29 19.96* 25.58*
Portugal 52.91* 0.72 0.01 121.20* 149.06*
Romania 0.71 8.24* 0.19 131.73* 172.59*
Russia 43.21%* 4.12% 0.01 29.59* 118.98*
Spain 87.95* 0.20 0.21 79.16* 91.75*
Sweden 42.18* 0.00 0.03 0.49 22.92*
Switzerland 116.13* 6.59* 0.39 9.39* 50.35*
Turkey 50.93* 1.96 0.00 36.55* 134.89*
UK 123.76* 7.46* 0.24 25.61* 56.53*

STj.1 is the correlation contagion test in (8), ST7.2 and S75.1 are the co-skewness contagion tests in (10 )
and (11), ST»., is the co-volatility contagion test in (14), M T is the joint test of correlation, co-skewness
and co-volatility in (17). * denotes the significance of contagion at the 5% level

channels, especially when the crisis corresponds to the worst event occurring in one
market given that the worst event occurred in another market (Garcia and Tsafack
2011).

3.2.5 Network analysis using the MT test

It is interesting to investigate not only the contagion effect spreading from the US,
Greece or China to other countries, but also possible contagion effects between other
countries. We plot network diagrams using the proposed multiple-channel test (M T')
for the four crises: (i) the subprime mortgage crisis (2007-2008), (ii) the Great Reces-
sion (2008-2009), (iii) the European debt crisis (2010-2013) and iv) the recent COVID
pandemic (2019-2021), respectively. In each network, there are 44 nodes considered
as the possible source of contagion, while links resemble the direction of the relation-
ships between countries. The nodes are colored based on the strength of contagion
using the joint test in equation (17). If the node is colored in dark red and is larger, it
reveals that all 43 recipient countries are affected by the source node, while if the node
is colored in orange and is smaller, it suggests that no country is affected by crisis.
Figure 2 reveals that among the four crises, the networks for the COVID pandemic
are the most connected, as evident by more than 30 countries acting as the main
nodes in the network. Perhaps surprisingly, among the 44 countries, China is not
found to be an important node in spreading the shocks to the overall system; however,
Bulgaria, Colombia, Canada, Ireland, Norway, Thailand and the UK appear as nodes
affecting up to 40 countries in the network during the COVID pandemic. The Great
Recession also displays a more interconnected system than the European debt crisis. In
particular, more than 14 European countries shows the dark red node during the Great
Recession, suggesting that European region has more linkages with other regions in
equity markets. The results are consistent with the fact that the European region faced
its own financial crisis during the period of 2010 to 2013. Similarly, among the four
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Table 9 Contagion from the China equity market to recipient markets (j) during the COVID pandemic of

2019 to 2021
Region Recipient () Contagion tests
STt ST ST ST MT

Africa S. Africa 1.02 0.44 1.46 1.70 8.36

Americas Argentina 1.50 4.38* 3.88* 0.05 10.34*
Brazil 0.40 0.69 1.13 4.73* 6.68
Canada 0.91 4.80* 1.64 0.29 9.26
Chile 0.31 0.09 0.26 2.01 4.04
Colombia 0.56 4.49* 2.61 1.23 11.21%*
Mexico 0.34 1.32 0.97 0.96 3.49
Peru 0.01 0.02 4.01* 5.74* 12.78*
USA 0.98 0.02 0.93 0.00 2.28

Asia Australia 0.77 0.51 7.32* 0.92 12.40*
Hong Kong 3.09 0.14 0.16 2.12 14.68*
India 0.48 0.06 0.40 1.57 2.12
Indonesia 0.08 0.57 1.18 0.24 2.34
Japan 1.86 0.14 0.32 1.48 6.56
Korea 4.38* 0.88 0.07 5.36* 24.15*
Malaysia 0.49 0.03 0.02 1.05 2.96
New Zealand 0.42 0.25 1.09 0.49 2.96
Philippines 0.15 0.52 1.19 5.97* 8.05
Singapore 2.25 0.50 0.23 9.88* 30.33*
Taiwan 3.85* 0.17 0.20 5.20* 21.30*
Thailand 0.89 0.00 1.44 4.12* 10.34*

Europe Austria 0.99 0.93 0.66 0.64 4.88
Belgium 1.14 0.31 0.40 1.28 5.258
Bulgaria 0.01 17.42* 6.42* 5.71* 32.55*
Denmark 0.28 0.54 1.52 0.31 275
Finland 0.09 0.28 0.47 0.85 2.50
France 1.44 0.31 0.00 0.24 3.26
Germany 1.81 0.27 0.02 0.09 3.18
Greece 0.08 0.03 1.95 5.26* 9.70*
Hungary 0.10 0.07 0.01 0.05 0.19
Ireland 0.32 4.55% 0.39 3.44 11.15%
Italy 1.99 0.47 0.11 0.61 5.10
Netherlands 1.21 0.10 0.45 0.26 3.36
Norway 0.97 3.13 1.85 0.75 9.66*
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Table 9 continued

Region Recipient (j) Contagion tests

STy ST STr.1 ST MT
Poland 0.03 0.73 0.80 0.14 1.96
Portugal 0.63 0.51 0.00 0.00 1.36
Romania 0.39 0.71 0.20 0.01 1.42
Russia 0.67 0.26 0.32 0.60 1.53
Spain 1.15 0.04 0.07 0.80 3.46
Sweden 0.00 0.47 0.03 0.00 0.64
Switzerland 1.44 0.40 1.40 1.72 7.91
Turkey 1.25 0.02 1.48 1.77 3.93
UK 0.88 0.27 0.18 1.38 4.88

STj.1 is the correlation contagion test in (8), ST7.2 and S75.1 are the co-skewness contagion tests in (10 )
and (11), ST»., is the co-volatility contagion test in (14), M T is the joint test of correlation, co-skewness
and co-volatility in (17). * denotes the significance of contagion at the 5% level

Network during the Great Recession

Network during the subprime mortgage crisis
H

N

¥

¢ a1

-15 -1 0.5 0 0.5 1

i Network Huring the European déb( crisis

15

Fig. 2 Networks during the four episodes of crises from 2007 to 2021, which are (i) subprime mortgage
crisis of 2007 to 2008, (ii) the Great Recession of 2008 to 2009, (iii) the European debt crisis of 2010
to 2013 and iv) the COVID pandemic of 2019 to 2021. The nodes are colored based on the strength of
contagion using the joint contagion test in equation (17). If the node is colored in dark red, it reveals that
all 43 recipient countries are affected by the source node, while if the node is colored in orange, it shows

that no country is affected

regions, the European countries are the most dominant the source node in the network
during the European debt crisis. Among the four crises, the connections are not strong
during the subprime mortgage crisis, as evident by the total number of links and density

being the lowest.
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3.3 The determinants of crisis transmission

Financial crisis indicators can provide important tools for both academics and pol-
icymakers in understanding the determinants of crisis transmission (Giordano et al.
2013). A number of papers analyze the ability of such indicators to anticipate financial
crisis and assess the impact of financial crisis future vulnerabilities. Crisis indicators
that have been studied in the literature include those related to equity and debt inflows
(Didier et al. 2010), terms of trade (Forbes 2012), financial conditions (Dungey and
Martin 2007; Matsuyama 2007; Cipriani et al. 2013; de Haas and van Horen 2013;
and Morley 2016), regional proximity (Glick and Rose 1999; Dungey et al. 2009) and
development comparability (Fry-McKibbin et al. 2014). In this paper, we mainly focus
on the following conditions: (i) debt levels include public, private and external debts,
(ii) fiscal and current accounts, (iii) regional proximity and (iv) stage of economic
development. The crisis indicators are further analyzed in Appendix E.

In order to test whether the crisis indicators discussed above can be treated as an
important predictor in explaining contagion, a crisis severity index is constructed with
two groups such as high-debt and low-debt. There are several steps to compute the crisis
severity index (C ;). First, taking the pre-crisis (71, = 661) period as fixed, the crisis
period is defined on a rolling sample basis using a window length of 30 days, where the
crisis period shifts forward by one day between each rolling sample. Second, all test
statistics (M T;) in equation (17) can be computed for each rolling sample. Finally, the
crisis severity index (CI;) can be computed by using capitalization-weighted index of
indicator variable. If the multiple-channel test statistic (M T;) at time ¢ is greater than
the critical value 9.49, the indicator (/(; j, ;) at time ¢ takes a value of 1, indicating
market contagion from source country i to a recipient country j at the 5% significant
level, such that

1: MT, >9.49 .
L jy.jr = {O . otherwise " #J- (20
Then, the crisis severity index (C ;) at time ¢ is given by
43
CLCWi x I iy i
CI, = 100. (Z” ’43 (H”’”> i #E 1)

where CW; is the market capitalization (cap) weight for the recipient country j. The
index is constructed in terms of market cap value, so that the countries with large
market cap value will carry more weight in the calculation of the index.’

To understand why some countries are more affected by the crisis than others,
we conduct a difference-in-means ¢ test for different country groupings. Taking the
debt-to-GDP ratio as an example, if a country’s debt ratio is above the 80th percentile
of its distribution, the country will be classified in the “high-debt” group, while if a
country’s ratio is below the 20th percentile, the country will be classified in the “low-

9 The market cap of selected 44 countries are shown in Appendix E .
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debt” group.'? In this case, the crisis severity index of the n; high-debt countries is

calculated as o
- CW; xI;
Cli, = 100 (Z“ / ”’) , (22)

ni

while the crisis severity index for the the 7, low-debt countries is given by

YL CWx I
Ch, = 100 ( i= nZ’ il (23)
The independent two sample 7 test statistic is given by
[ = ucr — Mcn ’ (24)

1 1
OChayar t g

where

\/aé,l (1 =D+ 02, (12— 1)
oCly, = .
ny+ny—2

Here, pcy, and ey, are the sample means of crisis severity index for high-debt and
low-debt groups in equations (22) and (23), O’é 5, and oé 1, are the sample variances
of the crisis severity index for two groups, and o¢y,, is the pooled standard deviation.

The null and alternative hypotheses of no difference of crisis transmission between
the high-debt and low-debt groups are

Hy : pen < pch,
Hi :pen > (e,

Under the null hypothesis of no crisis transmission through the link arising from the
similar debt conditions, the ¢ statistic is asymptotically distributed as 7}, 41, —2.
Figure 3 displays results for crisis severity indices related to economic conditions
during the three episodes of financial crises of 2007 to 2013. The first row of Figure 3
shows the percentage of countries affected by contagion in terms of the debt conditions
(the public, private and external debt) over the three episodes of crisis from 2007 to
2013. The solid (black) line presents the 30 day indicator of contagion for the high-
debt countries in (22), and the dotted (red) line for the low-debt countries in (23). As
the public debt panel shows, the subprime mortgage crisis and the Great Recession
crisis affect nearly 10% of low-debt and high-debt countries; while the European debt
crisis affect more on high-debt countries (40%) than the low-debt countries (10%).
For the private debt panel, the results reveal that the crisis severity index for the high-
debt countries are much higher than that for the low-debt countries during the three

10" As the threshold of high- and low-debt groups is selected arbitrarily, we also consider the 70th and 60th
percentiles for the robustness check. The results based on 70th and 60th percentiles are very similar to those
of using 80th percentile in high-debt group.
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crises. As for external debt panel, the results show that the crisis severity index for the
high-debt countries is quite identical to the low-debt countries during the three crises.

The second row of Figure 3 shows crisis severity indices related to fiscal and current
account balances. The solid (black) line presents the 30-day indicator of contagion for
the weak-account countries in (22), and the dotted (red) line for the strong-account
countries in ( 23). As the fiscal account panel shows, the European debt crisis affected
fiscally weak countries (40%) more than strong countries (10%), while the subprime
mortgage crisis and the Great Recession crisis tend to affect a small number of fiscal
weak or strong countries. Compared with the role of fiscal account balance in detecting
contagion, the current account is less likely to be correlated with crisis transmission
during the three financial crises, with little difference of incidence of crisis severity
between fiscally strong and weak countries. For both account balances, only the Euro-
pean debt crisis affects weak countries (40%) more than strong countries (10%), but
the crisis severity index is quite similar for both of groups during the US-sourced
crises.

The last row of Fig. 3 show the percentage of countries affected by contagion
in terms of regional proximity (Americas, Asia, Africa and Europe) and develop-
ment comparability (developed and emerging) over the three episodes of crisis. For
the regional panel, the countries most affected by contagion are located in the Euro-
pean region (40%), followed by the Asian and Americas regions (20%). Turning to
the development comparability panel, the results show that developed and emerging
countries in North and South America show similar crisis rates during the subprime
mortgage crisis and the Great Recession, suggesting little support for development
comparability in driving crisis transmission. However, the results are different from
the European debt crisis, where the crisis affects the developed European countries
(20%) more than the emerging countries (5%).

Table 10 presents difference-in-means test results for different country groupings
based on the eight economic indicators for crisis transmission during the three financial
crises from 2007 to 2013. The results reveal that the debt conditions play an important
role in explaining the crisis transmission for three episodes of financial crises of 2007
to 2013. In particular, among the three types of debt, private debt is the most important
indicator, followed by public and external debts during the three financial crises. Not
only are debt conditions important, but so is the fiscal account balance, as is evident
by crisis severity index for weak-balance countries being significantly larger than
for strong-balance countries at a 5% significance level. Compared with the role of
fiscal account balance, the current account balance appears not to be an important
indicator in explaining the crisis transmission, as there is no significant evidence of
crisis transmission for both weak- and strong-balance countries during the entire crisis
period of 2007 to 2013.

In terms of regional linkages, the results of Table 10 suggest that the European debt
crisis displayed evidence of regional contagion, but the subprime mortgage crisis and
the Great Recession crisis did not. In particular, it is evident that the mean of crisis
severity index for the European countries is significantly higher than other countries in
African, Americas and Asian regions at the 5% significance level. Regarding to similar
levels of development, the results suggest that development comparability plays an
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Fig.3 Percentage of countries affected by contagion related to debt, fiscal and current account conditions,
regional linkages and development comparability for the three financial crises between 2007 to 2013 (Notes:
The shaded areas refer to three episodes of financial crisis: (i) the subprime mortgage crisis (Sep 6, 2007 to
Sep 12, 2008); (ii) the Great Recession (Sep 15,2008 to Dec 31, 2009); and (iii) the European debt crisis (Feb
12,2010 to Dec 31, 2013). The countries in the high-debt group (High) and the low-debt group (Low). The
countries in the weak-balance group (Weak) and the strong-balance strong (Strong). The countries in four
regions (Africa, Americas, Asia and Europe). The countries in the development type (Developed/Emerging).
The crisis severity index for two groups are calculated in equations (22) and (23).)

important role in explaining the crisis transmission in the Great Recession crisis and
the European debt crisis, but not in the subprime mortgage crisis.

4 Conclusions

In this paper, we have developed a new test of financial market contagion to identify
why financial shocks spread across international markets. Contagion is defined as a
significant changes in second and higher-order co-moments including correlation, co-
skewness and co-volatility for two markets between a non-crisis and a crisis period.
Our proposed test enables us to simultaneously capture these various channels of
contagion (i) from mean returns of the source market to mean returns of the recipient
market; (ii) from the mean returns of the source market to return volatility of the
recipient market; (iii) from return volatility of the source market to mean returns of
the recipient market; and (iv) from return volatility of the source market to return
volatility of the recipient market.

In deriving a new multiple-channel test of contagion, we considered a bivariate
generalized exponential distribution and employed a Lagrange multiplier test. In com-
parison with existing single-channel tests, our proposed test appears to provide a good
approximation of the finite-sample distribution given the relatively large sample period
of the non-crisis but the relatively short sample period of the crisis.
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Our new test is applied to investigate financial market contagion in equity mar-
kets during the four episodes of financial crisis from 2007 to 2021. The results suggest
widespread contagion from the US to global equity markets during the subprime mort-
gage crisis and the Great Recession, from Greece to global equity markets during the
European debt crisis and from China to global equity markets during the COVID pan-
demic. Among the four financial crises, the Great Recession crisis seems to have been
the most pervasive, followed by the European debt crisis and the COVID pandemic,
with the subprime mortgage crisis the least pervasive. Using network analysis where
all possible contagion effects are considered, it is evident that the networks for the
COVID pandemic are the most connected, followed by the Great Recession and the
European debt crisis, while the connections are not strong for the subprime mortgage
crisis.

In investigating possible reasons for contagion, including levels of different types
of debt, regional proximity and stage of development, we constructed crisis severity
indices and found that, for the crises between 2007 and 2013, similar debt character-
istics played the main role in explaining the transmission of a crisis from one country
to another. Among the three types of debt that we consider, private debt is the most
important. However, public debt is also an important indicator in driving crisis, espe-
cially for the European debt crisis. This result is consistent with the results in Reinhart
and Rogoff (2011a, 2011b) that public debts rise markedly as a sovereign debt crisis
draws near. Of course, the importance of regional linkages is also important during
the European sovereign debt crisis.

Acknowledgements We thank Yu-wei Luke Chu, Alan King, Robert Kirkby, Ilan Noy, Anella Munro,
Yigit Saglam, Benjamin Wong and participants of the Brown Bag Seminar Series at Victoria University of
Wellington, University of Otago, the Reserve Bank of New Zealand, the Society of Nonlinear Dynamics
and Econometrics 23rd annual symposium, and the Society for Computational Economics and Finance
21st international conference. Hsiao and Morley acknowledge funding from the Macau SAR Government
Higher Education Fund and ARC Grant DP130102950.

Declarations

Conflict of interest The authors declare that they have no conflicts of interest.

Ethical approval This article does not contain any studies with human participants or animals performed
by any of the authors.

A Appendix

This appendix contains four sections. Section B presents the results of information
matrix derivations used for test statistic of joint co-moments. Section C presents the
details of derivation for test statistic of joint co-moments. Section D conducts the
sensitivity analysis of contagion tests by using Bai and Perron (2003) structural break
tests to identify the pre-crisis and crisis dates. Section E provides the discussion of
financial crisis indicators used in this paper.
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B Information matrix derivations
The following results are used to derive the information matrix for the test statistic

of joint correlation, co-skewness and co-volatility. Consider the following bivariate
normal distribution with higher-order co-moments

1 1 e — 1\ r— 2\’ rie— M1\ (2 — K2
h=—— : + = 2o (= :
2\1—p2 o1 o) o1 02
'ty — M1 : ;e — K2 2 'ty — M1 2 r — K2 :
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ol lop) a1 02
2 2
r — r —
-H%( 1t M]) ( 2.1 Mz) .
o1 (o))
We take the expectations of the first and second conditions of the distribution with
respect to the parameters (1, U2, 012, 022, P, 04, 05 and ) in (25) under the null

hypothesis of independent bivariate normality, then the following elements of the
information matrix at observation ¢ are

ah \? | oh ah 1
hi=E|(~—) |-E|—|E|-—|==.
oy i o of

[ 0h 0h d 0
Loy=E|——|-E|—|E|—
L O dpn | 1 %)

d d

, _E'ah ah | E[h}E o
L3.r = AL 8012 oL 8012 o
P N Bh}E o] _,
1,4,r = _alLl 80'22- i 80’22 — Y
[ 0h oh oh oh
Nsi=E|——|-E|—|E|=|=0,
L dp1 dp M1 ap
[ 9h 0h ] Fon T _[oh] 1
Lhe=E|——|—-E|—|E|—|=—.
o | 01 064 |01 | [ 004 o1
[ 0h 0h ] Foh | [ 0oh]]
117t=E —— | —-E|— | E| — :0,
” | 01 065 L Ot 005
[ 0h 0h ] Fon ] [ oh]
Lg;=E|———|—E|— |E|— | =0,
o L 1 066 | Lop1 | L0966 |

; E<8h>2 E[ah]E[ah} 1
22, = — - — — | =,
' A2 A2 2] o3

| an o E[ah}E an ] _,
2= A2 do} GJI%) dof -

@ Springer



1630

C. Y-L. Hsiao, J. Morley

@ Springer

ha;=E
hs:=E
her=E
hit=E
hgr=E
B3t =E
By =FE
LBsi=E
L =

I3,7,l =FE
Lg:=E
Iys, = E
I4,5,t =F
14,6,t =FE
Iy7:=FE
I13; = E

[ on on [ah} ah
| Z el E =0,
du2 do3 Ao do}

[ 0h Oh oh oh
Ll e | E|E | =0,
L dp2 dp 2 dp

[ 0h 0h ] Foh ] [0h]
L | e E | =o,

[ da2 364 | [ dp2 | | 064

[ 0h 0h ] [ oh | [0h]] 1
| 2 E|l ==,

L Oz 365 | Lop2] L36s| o2

[ 0h 0h ] Foh | [0h]]
L E|—|E|=|=0,

L 92 966 | Lopn2] |96

2
oh E oh E
8012 8012

[ oh oh ol
8012 8022 8012

[ on on | [ on ] Ton
| -E| -5 |E| =0,
_30‘1 394_ 301 004
[ on o | [ on | T[on
S |~ E| - |E| | =0
_3(71 895_ 301 i _395_
[ on o | [ on ] T on 1
oo | "E| 3| Ela [T
8(71 896 301 396_ 0’1

[ on on | [ on ] Tron

s | —E| = |E|—|=0,
doy 064 do; | 004 |
[ on on | [ on | T[on
| -E| -5 |E| = |=0,
_302 395_ _3(72 i | 005 |
[ on on | Con ] Ton] 1
o | B3| E s | T
_362 396_ 005 L3006 o5



Debt and financial market contagion

1631

where
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C Test statistic for correlation, co-skewness and co-volatility

Consider the following bivariate normal distribution with higher-order co-moments
given as

1 1 =i\ s — 2\
f@rie,r) =exp|—> 3 ' + :
2\1—-p o1 02
2 (rl,r — [ (rz,z - Mz))
o1 (o)}
Tl — M1 . — K2 2 Fl,r — U1 2 ror — K2
s () () e () (25
o1 o) o1 a2

2 2
r.: — .t —
+96<1,; m) (m m) _n] 06)
o1 [op)
where

1 1 2 2
I f/ exp | -+ ML T M\ (T T 2
g 2\1—p2 o1 02
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o1 o)
r,e — M1 2t — M2 2 e — M1 2 r,t — M2
+04 | = : +05(— ’ @7)
o1 02 (23] 02
_ 2 _ 2
6 (Vl,t m) <r2,t uz) }d”dm
o1 lop)
=In // exp [h]dridra,

and £ in (25).
The multiple-channel test of contagion based on changes in correlation, co-
skewness and co-volatility in equation (12) is based on the null hypothesis

Hy:p=0,0=0,05 =0,06 =0, (28)

Under the null hypothesis of independence and bivariate normality, the maximum
likelihood estimators of the unknown parameters are simply

. 1 R 1 ~ .
Wi = TZ”i,t? o = ?Z (ri — ,ui)2 s Vi=1,2,

t 1
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Let the parameters of (26) to be © = {11, ua, 07, 07, 04, 05, 06} . By taking the log
function of (26), the log likelihood function at time ¢ is given by

1 1 i — 1\ s — 2\’ Tie— (1 (T2 — K2
InL; (®) = —— ’ : -2 : :
nL:(©) 2(1—,02) (( o1 + o2 P o] o
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4 o1 (o)) 3 ] 02

2 2
Fie — M1 g — 12
6 2 : —n.
ron () (2)

Using (5) and the results of Appendix B, the information matrix under the null
hypothesis (Hp : p = 0,04 = 0,605 =0, 65 = 0) is

dh oh dh dh
1©)=Tx(E|— ~E|—|E P =04=10s=05=0,
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where the elements of /; ; at observation ¢ are shown in Appendix B. Replacing the
unknown population parameters by consistent estimators under the null hypothesis,
the inverse asymptotic information matrix is
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Evaluating the gradients for p, 64, 65 and 8¢ under the null hypothesis gives
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The Lagrange multiplier statistic is obtained by substituting (30 ) and (31) into (5),
gives

LM =T5(0)1(0)"'s(®) )
IT ria i r.i K2 ’ lT r—in \ (rau—i ?
R () (o5R)) (15 () ()
= — + =
= :
r T
2 2
PE () (252) | (45 () (25
+ = + t=

D Sensitivity tests

As contagion tests are conditional on a state of nature, the dating of a crisis period
is an essential component of understanding contagion. We perform structural break
tests(Bai and Perron 2003) to identify the non-crisis and crisis dates for sensitivity
analysis. Table 11 shows structural break dates for residual returns and squared returns
for 44 equity markets using the Bai and Perron (2003) test. The residuals are filtered by
a VAR(5) during the period of 2005 to 2013. The results show that in terms of residual
returns, most of countries show no structural break in mean during the period of 2005
to 2013. By analyzing the residual squared returns, the results reveal that among the 44
countries, 10 equity markets (Australia, Hong Kong, Korea, New Zealand, Singapore,
Sweden, Switzerland, Taiwan, the UK and the US) have a structural break in variance
in July, 2007, which is quite consistent with the break date on July 26, 2007 (Fry-
McKibbin et al. 2014).

In order to perform a further robustness check, we conduct sensitivity analysis by
taking the dates as one-month before and after the break dates on July 25, 2007. Table
12 shows empirical results of contagion tests, given the pre-crisis period from January
1,2005 to June 25,2007 (Panel A) and from January 1, 2005 to August 25,2007 (Panel
B). The results reveal that among the three crises from 2007-13, the Great Recession
seems to be the most pervasive crisis, followed by the European debt crisis, with the
subprime mortgage crisis the least pervasive crisis. The results are consistent with the
results in Tables 6, 7 and 8.

E Financial crisis indicators
This appendix provides the discussion of financial crisis indicators used in this paper.
Four types of crisis indicators include (i) debt levels, (ii) fiscal and current accounts,

(iii) regional proximity and (iv) stage of economic development.
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Table 12 Contagion tests based on changed in correlation, co-skewness and covolatility (M T') during the
subprime mortgage crisis (SMC), the Great Recession (GRC) and the European debt crisis (EDC)

Region Recipient (j) Panel A: Contagion tests Panel B: Contagion tests
SMC GRC EDC SMC GRC EDC
Africa S. Africa 1.13 77.36* 11.62* 1.51 88.43* 13.93*
Americas Argentina 30.36* 38.90* 6.40 33.37* 35.67* 6.39
Brazil 28.32% 58.27* 7.77 19.36* 71.98* 11.19*
Canada 10.23* 85.21* 18.85* 6.05 111.59* 27.17*
Chile 15.20* 22.00* 31.71* 9.79* 28.98* 3.63
Colombia 10.44* 2.45 336.10* 12.10* 3.93 343.31*
Mexico 13.81* 14.96* 1.65 15.28* 11.83* 2.76
Peru 26.33* 62.37* 15.90* 16.12* 78.55* 2.59
USA n.a. n.a. 58.96* n.a. n.a. 73.04*
Asia Australia 2.78 52.68* 6.04 434 80.47* 31.16*
China 28.85* 22.25% 16.74* 36.13* 30.29* 13.10*
Hong Kong 5.28 31.74* 10.09* 0.85 50.70* 14.86*
India 1.86 33.50* 12.47* 1.23 34.27* 7.20
Indonesia 4.01 15.62* 9.63* 3.21 20.37* 7.29
Japan 5.54 4.36 26.34* 8.05 3.53 27.14
Korea 2.76 14.36* 13.19* 5.16 24.79* 52.84%*
Malaysia 34.39* 15.19* 5.48 29.40* 19.65* 2.50
New Zealand 2.44 45.86* 3.21 9.71* 74.15* 18.19*
Philippines 8.71 16.10* 10.73* 6.15 19.97* 8.54
Singapore 1.12 43.18* 5.00 1.30 48.63* 9.52*
Taiwan 15.47* 8.95 6.12 24.48* 12.31* 4.21
Thailand 8.26 83.71* 13.74* 14.86* 98.12* 18.70*

The first crisis indicators that we consider are related to debt conditions. There are
actually three types of debt that we consider: (i) public, (ii) private and (iii) external
debt. Our hypothesis is that high-debt countries should be more affected by a crisis
than low-debt countries (see also Masson 1999; Briguglio et al. 2009; Reinhart and
Rogoff 2010, 2011a,b). Tables 13 and 14 summarize the percentile of the gross public
debt, domestic private credit, and external debt for 44 countries in 2006 and 2009,
respectively. To investigate whether the debt is an important determinant in driving
crisis, the selected 44 countries are classified into two groups of high-debt and low-
debt using the threshold of 80th percentile.!! Table 13 shows that if the gross public
debt is selected as a crisis indicator, then high-debt countries (Japan, Greece, Italy,
Belgium, Singapore, India, Argentina and Canada) will be more affected by contagion
than the low-debt countries (Chile, Russia, Australia, Romania, China, New Zealand,
Bulgaria and Ireland) during the subprime mortgage crisis and the Great Recession.

1 We also consider the 70th and 60th percentiles as the threshold for the high-debt countries and the 30th
and 40th percentiles for the low-debt countries for the robustness check.
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Table 12 continued

Region Recipient (j) Panel A: Contagion tests Panel B: Contagion tests
SMC GRC EDC SMC GRC EDC

Europe Austria 5.34 59.60* 12.91* 2.02 72.28* 11.14*
Belgium 1.03 110.57* 3.68 2.30 120.01* 5.11
Bulgaria 9.45* 31.58* 14.65* 11.13* 35.10* 14.75*
Denmark 0.72 58.53* 2.73 1.10 70.58* 1.46
Finland 8.93 56.95% 3.05 6.35 61.17* 3.86
France 0.95 57.16* 19.10* 1.38 66.71% 22.02*
Germany 6.19 53.62* 7.83 6.15 52.13% 10.01*
Greece 2.30 50.85* n.a. 5.44 59.63* n.a.
Hungary 9.17 35.79* 12.52* 15.52* 45.19* 16.36*
Ireland 20.47* 132.35* 4.20 20.39* 143.64* 6.63
Ttaly 0.34 80.75* 14.45 0.34 78.30* 19.58*
Netherlands 1.53 138.06* 9.40 4.28 145.94* 12.01*
Norway 5.54 90.22* 1.56 2.87 106.57* 0.25
Poland 1.89 53.52% 12.04* 4.11 62.91* 12.50*
Portugal 0.79 113.29* 91.49* 1.94 132.32* 129.63*
Romania 522 49.68* 188.93* 6.66 51.88* 182.13*
Russia 7.75 87.75* 94.59* 8.92 81.76* 94.16*
Spain 1.31 83.93* 53.98* 0.30 81.49* 63.55*
Sweden 3.58 60.79* 2.88 2.65 65.80* 441
Switzerland 2.86 84.79* 14.45% 1.77 97.76* 14.69*
Turkey 4.06 66.27* 130.59* 9.55% 97.47* 120.92*
UK 5.24 87.20* 12.33* 0.55 116.85* 18.92*

*Significance of contagion at the 5% level. SMC denotes the subprime mortgage crisis, GRC denotes the
Great Recession, and EDC denotes the European debt crisis. Panel A is based on the pre-crisis period from
January 1, 2005 to June 25, 2007; while Panel B is from January 1, 2005 to August 25, 2007

The second crisis indicator that we consider is related to fiscal and current account
balances. We hypothesize that, if a country has a larger either fiscal deficit or current
account deficit, the probability it will suffer from a crisis will be higher (see also Burn-
side 2004; Edward, 2006; Rose and Spiegel 2012; and Manasse and Zavalloni 2013).
Tables 15 and 16 present the percentile of the fiscal account balance, current account
balance and both account balance for 44 countries in 2006 and 2009, respectively.
To investigate whether fiscal and current account balances can be treated as an early
warning indicator of financial crisis, the selected 44 countries are also classified into
two groups of weak and strong using threshold of the 80th percentiles. Table 15 shows
that if the fiscal account balance is selected as a facilitator of contagion, then countries
with weak fiscal account balance (Hungary, India, Greece, Portugal, Japan, Poland,
Brazil and Italy) will be more affected by contagion than the countries with strong
account balance (Norway, Russia, Chile, Singapore, Denmark, New Zealand, Hong
Kong and Finland) during the subprime mortgage crisis and the Great Recession.
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Table 13 Gross government debt, domestic private credit and external debt for 44 countries in 2006 (prior
to the Subprime mortgage crisis), expressed as a percentage of GDP.

Percentile Public debt Private debt External debt
Country % Country % Country %

100th Japan 186.00 USA 197.68 Ireland 696.70
100th Greece 107.47 Poland 196.22 UK 329.38
100th Italy 106.35 Canada 194.19 Netherlands 286.69
100th Belgium 87.95 Japan 188.69 Belgium 264.33
90th Singapore 86.39 Denmark 185.68 Switzerland 259.77
90th India 77.11 Ireland 181.20 Hong Kong 257.86
90th Argentina 76.44 UK 168.10 Austria 185.69
90th Canada 70.26 Netherlands 167.19 Sweden 185.28
80th Germany 67.92 Spain 166.98 Portugal 181.36
80th Brazil 66.96 Switzerland 163.69 Singapore 177.12
80th Hungary 65.91 S. Africa 163.37 Denmark 173.99
80th France 64.08 Portugal 151.90 France 172.97
70th USA 63.77 Hong Kong 136.80 Germany 135.81
70th Portugal 63.69 Korea 135.24 Spain 131.24
70th Switzerland 62.36 New Zealand 130.98 Finland 120.19
70th Austria 62.31 Austria 116.37 Norway 117.06
60th Norway 58.72 Australia 114.13 Greece 116.52
60th Philippines 51.58 Sweden 112.81 New Zealand 111.82
60th Poland 47.74 China 110.73 Italy 103.62
60th Netherlands 47.37 Germany 109.60 Hungary 88.65
60th Turkey 46.52 Malaysia 103.66 Australia 83.07
60th Sweden 45.27 France 98.43 USA 76.23
50th UK 42.76 Thailand 95.20 Bulgaria 70.69
50th Thailand 41.99 Italy 94.47 Canada 61.44
50th Malaysia 41.54 Norway 86.19 Argentina 57.73
50th Spain 39.68 Singapore 86.02 Philippines 47.78
50th Finland 39.63 Greece 85.24 Poland 4491
50th Indonesia 38.99 Romania 39.61
40th Mexico 37.80 Belgium 82.03 Turkey 37.00
40th Colombia 36.78 Finland 78.80 Indonesia 35.87
40th Taiwan 34.20 Chile 77.69 Japan 35.19
40th Peru 33.10 Hungary 55.60 Malaysia 3341
30th S. Africa 32.63 Bulgaria 4491 Thailand 32.68
30th Denmark 32.08 India 43.22 Peru 31.73
30th Korea 31.12 Brazil 40.34 Chile 31.40
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Table 13 continued

Percentile Public debt Private debt External debt
Country % Country % Country %

30th Hong Kong 31.04 Colombia 33.36 Russia 29.18
20th Ireland 24.60 Russia 32.48 Colombia 23.15
20th Bulgaria 2341 Philippines 28.69 Taiwan 23.09
20th New Zealand 19.29 Turkey 25.94 Korea 21.15
20th China 16.19 Romania 25.87 S. Africa 20.29
10th Romania 12.62 Indonesia 24.61 Mexico 18.06
10th Australia 10.01 Mexico 19.38 India 16.00
10th Russia 9.05 Peru 17.05 Brazil 15.10
10th Chile 4.99 Argentina 13.03 China 11.50

The data for gross government debt is collected from IMF, World Economic Outlook Database. The data
for domestic credit and external debt is collected from Datastream

Table 14 Gross government debt, domestic private credit and external debt for 44 countries in 2009 (prior
to the European debt crisis), expressed as a percentage of GDP

Percentile Public debt Private debt External debt

Country % Country % Country %
100 Japan 210.25 Poland 433.57 Ireland 1107.06
100 Greece 129.69 Ireland 232.10 UK 398.20
100 Italy 116.42 Denmark 223.87 Hong Kong 320.56
100 Singapore 101.49 Netherlands 214.15 Belgium 317.14
90 Belgium 95.69 Spain 212.35 Netherlands 302.08
90 USA 86.32 UK 210.28 Switerland 245.00
90 Portugal 83.70 USA 196.33 Singapore 229.97
90 Canada 81.28 Portugal 186.78 Portugal 217.85
80 Hungary 79.79 Japan 183.44 Sweden 213.38
80 France 79.19 Switzerland 168.81 Austria 212.80
80 Germany 74.51 Korea 156.29 Denmark 191.31
80 India 75.53 Hong Kong 155.43 France 89.45
70 Austria 69.17 S. Africa 152.08 Greece 173.65
70 UK 67.09 New Zealand 145.51 Spain 165.08
70 Brazil 66.82 Sweden 136.23 Norway 158.83
70 Ireland 64.42 Canada 128.25 Finland 155.95
60 Netherlands 60.76 China 127.19 Germany 152.32
60 Argentina 58.70 Austria 126.00 Hungary 144.88
60 Spain 53.98 Australia 123.21 New Zealand 135.40
60 Malaysia 52.81 Thailand 116.42 Italy 118.10
60 Poland 50.88 Germany 113.42 Bulgaria 106.58
60 Switzerland 49.79 Malaysia 111.61 USA 94.14
50 Norway 48.99 France 111.55 Australia 89.24
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Table 14 continued

Percentile Public debt Private debt External debt
Country % Country % Country %

50 Turkey 46.07 Italy 110.97 Canada 77.63
50 Thailand 45.22 Singapore 99.59 Romania 69.09
50 Philippines 4434 Belgium 97.49 Poland 59.57
50 Mexico 43.94 Greece 94.28 Turkey 46.37
50 Finland 43.52 Japan 42.47
40 Sweden 42.56 Finland 93.89 Argentina 41.22
40 Denmark 40.68 Noway 86.19 Korea 39.42
40 Taiwan 38.01 Bulgaria 75.50 Chile 39.38
40 Colombia 36.15 Chile 70.69 Russia 38.52
30 Korea 33.77 Hungary 69.51 Malaysia 34.28
30 S. Africa 31.34 Brazil 48.87 Philippines 33.93
30 Hong Kong 31.18 India 47.30 Indonesia 29.97
30 Indonesia 28.64 Russia 46.15 Peru 29.41
20 Peru 27.13 Romania 46.15 Thailand 27.67
20 New Zealand 25.88 Colombia 39.96 S. Africa 25.78
20 Romania 23.79 Turkey 36.48 Colombia 22.69
20 China 17.67 Philippines 29.16 Mexico 22.65
10 Australia 16.81 Indonesia 27.66 Taiwan 21.67
10 Bulgaria 15.58 Peru 23.63 India 19.53
10 Russia 10.96 Mexico 22.77 Brazil 12.39
10 Chile 5.83 Argentina 13.53 China 8.60

The data for gross government debt is collected from IMF, World Economic Outlook Database. The data
for domestic credit and external debt is collected from Datastream

The third crisis indicator that we consider is related to regional linkages. If a coun-
try’s location has an economically relevant form of geographically proximity to the
country in which the crisis originates, then we hypothesize that the country would
be more likely affected by the crisis than others (see also Fry-McKibbin et al. 2014).
Therefore, it is expected that the North and South American countries should be more
affected by the US-sourced crises (subprime mortgage crisis and the Great Recession
crisis) and European countries more affected by the Greek-sourced crisis (European
debt crisis).

The last crisis indicator that we consider is related to a country’s level of economic
development. If there is a crisis in a developed/emerging country, it is hypothesized
that other developed/emerging countries should be more likely to experience contagion
than others. The development comparability indicator reflects similar characteristics
for countries with similar market fundamentals, political environment and financial lib-
eralization to the country in which the crisis originates (Goldstein 1998; Fry-McKibbin
etal. 2014). To investigate whether development comparability indicator can be treated
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Table 15 Fiscal account balance, current account balance and both account balance for 44 countries in
2006 (prior to the Subprime mortgage crisis), expressed as a percentage of GDP

Percentile Fiscal account balance Current account balance Both account balance
Country % Country % Country %
100th Hungary —-9.37 Bulgaria —17.56 Greece —17.41
100th India —6.17 Greece —11.39 Hungary —16.77
100th Greece —6.02 Portugal —10.69 Portugal —14.44
100th Portugal -3.75 Romania —10.39 Bulgaria —14.22
90th Japan —3.65 Spain —8.96 Romania —11.74
90th Poland -3.63 New Zealand —8.28 USA —7.73
90th Brazil —3.54 Hungary —7.41 Poland —7.48
90th Italy —3.41 Turkey —6.00 India —7.18
80th UK —2.76 USA —5.76 Turkey —6.69
80th Malaysia —2.73 Australia —-5.33 Spain —6.59
80th France —2.38 S. Africa —5.31 UK —5.60
80th Taiwan —2.02 Poland —3.85 Italy —4.91
70th USA —1.97 Treland —3.55 New Zealand —4.15
70th Austria —1.68 UK —2.84 S. Africa —4.11
70th Germany —1.65 Colombia —1.86 Australia —3.56
70th Romania —1.35 Italy —1.50 France —-2.95
60th Argentina —1.07 India —1.01 Colombia —2.85
60th Colombia —-0.99 Mexico -0.77 Brazil —2.28
60th Mexico —0.98 France —0.58 Mexico —1.75
60th Turkey —0.69 thailand 1.12 Ireland —0.63
60th China —0.68 Brazil 1.25 Japan 0.27
60th Philippines —0.05 Canada 1.37 Austria 1.13
50th Indonesia 0.23 Korea 1.48 Belgium 2.17
50th Belgium 0.31 Belgium 1.86 Argentina 2.31
50th Netherlands 0.52 Indonesia 2.62 Korea 2.62
50th Switzerland 0.94 Austria 2.80 Indonesia 2.85
50th Korea 1.14 Denmark 2.98 Canada 3.16
50th S. Africa 1.20 Peru 3.16 thailand 3.30
40th Australia 1.77 Argentina 3.37 Philippines 4.32
40th Canada 1.80 Japan 3.92 Germany 4.60
40th Peru 1.92 Finland 4.16 Taiwan 4.97
40th thailand 2.19 Philippines 4.37 Peru 5.08
30th Sweden 222 Chile 4.60 China 7.87
30th Spain 2.37 Germany 6.26 Denmark 8.02
30th Ireland 2.93 Taiwan 6.99 Finland 8.24
30th Bulgaria 3.34 China 8.55 Netherlands 9.85
20th Finland 4.08 Sweden 8.68 Sweden 10.90
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Table 15 continued

Percentile Fiscal account balance Current account balance Both account balance
Country % Country % Country %
20th Hong Kong 4.11 Russia 9.33 Chile 12.05
20th New Zealand 4.13 Netherlands 9.33 Malaysia 13.37
20th Denmark 5.04 Hong Kong 11.85 Switzerland 15.29
10th Singapore 7.11 Switzerland 14.35 Hong Kong 15.96
10th Chile 7.45 Malaysia 16.09 Russia 17.65
10th Russia 8.33 Norway 16.40 Singapore 31.89
10th Norway 18.30 Singapore 24.78 Norway 34.70

The data is collected from IMF, World Economic Outlook Database. Both account balance consists of fiscal
and current account balance

Table 16 Fiscal account balance, current account balance and both account balance for 44 countries in

2009 (prior tothe European debt crisis), expressed as a percentage of GDP

Percentile Fiscal account balance Current account balance Both account balance
Country % Country % Country %

100th Ireland —13.78 Greece —11.17 Greece —26.78
100th Greece —15.61 Portugal —10.92 Portugal —21.09
100th USA —12.93 Bulgaria —8.93 Ireland —16.10
100th UK —11.25 Spain —4.83 Spain —16.02
90th Spain —11.19 Australia —4.25 usS —15.58
90th Japan —10.39 Romania —4.03 UK —12.67
90th Portugal —10.17 S. Africa —4.03 India —12.55
90th India -9.75 Poland —-3.98 Romania —11.43
80th France —7.56 Canada —2.92 Poland —11.38
80th Poland —7.41 India —2.80 Bulgaria —9.84
80th Romania —7.27 USA —2.65 S. Africa —9.57
80th Russia —6.31 New Zealand —2.47 France —8.90
70th Taiwan —6.18 Ireland —2.32 Australia —8.84
70th Malaysia —6.16 Colombia —-2.14 Turkey —-7.97
70th Turkey -5.99 Italy —-1.99 Japan —7.48
70th Belgium —5.64 Turkey —1.98 Canada —7.44
60th Netherlands —5.61 Brazil —1.50 Italy —7.41
60th S. Africa —5.53 UK —1.42 Belgium —7.05
60th Italy —543 Belgium —1.41 Mexico —5.94
60th Mexico —5.08 France —1.33 Colombia —4.94
60th Australia —4.58 Mexico —0.86 Hungary —4.77
60th Hungary —4.55 Peru —-0.57 Brazil —4.59
50th Canada —4.52 Hungary —-0.22 New Zealand —4.01
50th Austria —4.12 Finland 1.76 Russia -2.19
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Table 16 continued

Percentile Fiscal account balance Current account balance Both account balance
Country % Country % Country %

50th Chile —4.09 Indonesia 1.97 Peru —2.07
50th Argentina —3.61 Chile 2.05 Chile —2.04
50th thailand —3.18 Argentina 247 Austria —1.41
50th Brazil -3.09 Austria 2.71 Argentina —1.14
40th Germany —3.08 Japan 291 Finland —0.96
40th China —3.06 Denmark 3.40 Netherlands —0.43
40th Colombia —2.79 Korea 3.93 Indonesia 0.21
40th Denmark —2.77 Russia 4.12 Denmark 0.63
30th Finland —2.72 China 4.87 China 1.81
30th Philippines —2.62 Netherlands 5.18 Germany 2.89
30th Indonesia —1.76 Philippines 5.55 Philippines 2.93
30th New Zealand —1.54 Germany 5.96 Korea 3.95
20th Peru —1.50 Sweden 6.27 Thailand 5.13
20th Sweden —0.98 thailand 8.30 Taiwan 5.19
20th Bulgaria —0.92 Hong Kong 8.39 Sweden 5.29
20th Singapore —0.47 Switzerland 10.55 Malaysia 9.37
10th Korea 0.02 Taiwan 11.37 Hong Kong 9.86
10th Switzerland 0.51 Norway 11.72 Switzerland 11.06
10th Hong Kong 1.47 Malaysia 15.53 Singapore 17.27
10th Norway 10.53 Singapore 17.73 Norway 22.26

The data is collected from IMF, World Economic Outlook Database. Both account balance consists of fiscal
and current account balance

as an early warning indicator of financial crisis, the selected 44 countries are classified
into two groups of developed and emerging countries. '

The market capitalization (cap) weight is summarized in Table 17 in order to cal-
culate the crisis severity index. The table shows the percentages of total market cap
for 43 countries in 2006 and 2009 (prior to the crisis) and illustrates that the crisis
severity index is mainly dominated by Japan (14.67%), the UK (11.78%) and France
(7.54%) in 2006, and mainly dominated by the USA (33%), China (10.96%) and Japan
(7.39%) in 2009.

12 Developed countries in the Americas region include: Canada, Chile and Mexico. Emerging countries in
the Americas region include: Argentina, Brazil, Colombia and Peru. Developed countries in the European
region include: Austria, Belgium, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Netherlands,
Norway, Portugal, Spain, Sweden, Switzerland, Turkey and the UK. Emerging countries in the European
region include: Bulgaria, Poland, Romania and Russia.
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Table 17 The total market capitalization and percentage of total market capitalization for 44 countries in
2006 (prior to the Subprime mortgage crisis and the Great Recession) and 2009 (prior to the European debt

crisis)
Region Country Total market capitalization % of total
2006 2009 2006 2009

Africa S. Africa 715,025 704,822 222 1.54

Americas Argentina 79,730 48,932 0.25 0.11
Brazil 711,100 1,167,335 2.21 2.55
Canada 1,700,708 1,680,958 5.28 3.68
Chile 174,556 209,475 0.54 0.46
Colombia 56,204 133,301 0.17 0.29
Mexico 348,345 340,565 1.08 0.75
Peru 59,658 69,753 0.19 0.15
USA 19,425,855 15,077,286 - 33.00

Asia Australia 1,095,858 1,258,456 3.40 2.75
China 2,426,326 5,007,646 7.53 10.96
Hong Kong 895,249 915,825 2.78 2.00
India 818,879 1,179,235 2.54 2.58
Indonesia 138,886 178,191 0.43 0.39
Japan 4,726,269 3,377,892 14.67 7.39
Korea 835,188 836,462 2.59 1.83
Malaysia 235,356 255,952 0.73 0.56
New Zealand 44,940 67,061 0.14 0.15
Philippines 68,382 80,132 0.21 0.18
Singapore 276,329 310,766 0.86 0.68
Taiwan 594,659 658,991 1.85 1.44
Thailand 141,093 138,189 0.44 0.30

Europe Austria 191,300 53,578 0.59 0.12
Belgium 396,220 261,429 1.23 0.57
Bulgaria 10,325 7,103 0.03 0.02
Denmark 231,015 186,852 0.72 0.41
Finland 265,477 91,021 0.82 0.20
France 2,428,572 1,972,040 7.54 4.32
Germany 1,637,826 1,297,568 5.08 2.84
Greece 208,284 54,717 0.65 -
Hungary 41,935 28,288 0.13 0.06
Ireland 163,358 61,291 0.51 0.13
Ttaly 1,026,640 317,317 3.19 0.69
Netherlands 779,645 542,533 2.42 1.19
Norway 281,081 227,233 0.87 0.50
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Table 17 continued

Region Country Total market capitalization % of total

2006 2009 2006 2009
Poland 149,054 135,277 0.46 0.30
Portugal 104,201 98,650 0.32 0.22
Romania 32,784 30,325 0.10 0.07
Russia 1,057,189 861,424 3.28 1.89
Spain 1,323,090 1,297,227 4.11 2.84
Sweden 573,250 432,296 1.78 0.95
Switzerland 1,212,508 1,070,694 3.76 2.34
Turkey 162,399 225,735 0.50 0.49
UK 3,794,310 2,796,444 11.78 6.12

The total market capitalization are reported as millions of US dollars. The data is collected from the
World Bank of world development indicator. The US and Greece are not listed for the weight of market
capitalization because they are selected as the country in which the crisis originates
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