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Abstract

The global financial crisis (2007-2009) saw sharp declines in stock markets around the world,
affecting both advanced and emerging markets. In this paper we test for the existence of equity
market contagion originating from the US to advanced and emerging markets during the crisis
period. Using a latent factor model, we provide strong evidence of contagion effects originating
in US equity markets to equity markets in both the advanced and emerging economies. In the
aggregate equity market indices contagion from the US explains a large portion of the variance
in stock returns in both advanced and emerging markets. However, evidence from the financial
sector indices finds less evidence of contagion than the total indices, and this is particularly the
case for the developed markets. This suggests that contagion effects are not strongly related to

high levels of global integration.
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1 Introduction

The global financial crisis (GFC), which began with the US real estate bubble burst in 2007, quickly
led to a sharp decline in stock market indices in the US and across global financial markets — both
advanced and emerging. Over the crisis period (from July 2007 to May 2009), the US equity market
alone lost about 40 percent of its market capitalization. The loss is even higher for some other
countries. For example, the UK equity market lost about 49 percent and the Russian equity market
lost about 52 percent. At a sectoral level, the financial sectors around the world experienced even
greater losses (in percentage points). The US financial sector experienced an approximately 60
percent loss in its market capitalization, the UK financial sector lost about 66 percent, and the
Russian financial sector lost about 70 percent. These facts show the severe impact of the global
financial crisis on financial markets around the world.

An important question is whether this increased comovement of global financial markets during
the 2007-2009 crisis provides evidence of contagion. Defining contagion as a significant increase
in cross-country comovement of asset returns, we test for the existence of contagion and measure
contagion effects running from the US to both advanced and emerging markets. The focus of our
analysis is on the aggregate equity market in general and the financial sector in particular.

We take the latent factor approach of Dungey et al. (2005) which nests several other empirical
approaches (Bekaert and Harvey, 1995; Forbes and Rigobon, 2002; Corsetti et al., 2005) in an
unifying framework to test for contagion. Our sample consists of the US (as a crisis originating
country) and eight other large economies in terms of GDP (the four largest advanced economies -
France, Germany, Japan and the UK; and the four largest emerging economies - Brazil, China, India
and the Russia). We use a relatively large sample period (daily returns data from 2004 to 2010)
and determine crisis and non-crisis periods using an Iterative Cumulative Sum of Square (ICSS)
approach (Inclan and Tiao, 1994; Sanso et al., 2004).

Our results provide strong evidence of contagion effects from the US equity market to equity
markets in both advanced and emerging markets. Contagion from the US explains a large portion
of the variance in stock returns in advanced and emerging economies. However, there is less conta-
gion effect in financial sector stocks than in the aggregate equity market, particularly in advanced
economies. The results for the financial sector cast doubt on the financial globalization hypothesis

- that is, whether contagion during the crisis has a greater effect on those markets that are highly



integrated. Overall, our results are consistent with previous studies on equity market contagion
during the GFC(Bekaert et al., 2011; Baur, 2012). However, unlike Bekaert et al. (2011), we find
large contagion effects in equity markets.

The rest of the paper is organized as follows. Section 2 reviews the literature on financial conta-
gion; Section 3 explains the latent factor model, sample and data, and empirical model specification;

results and discussion are presented in Section 4; and Section 5 concludes the paper

2 Literature Review

2.1 Defining financial contagion

There is no unanimously accepted definition of financial contagion, and is closely tied to the statistical
definition of how the spread of market disturbances is measured.! The World Bank summarizes three
layers within contagion definations.? In a broad sense, contagion is the cross-country transmission
of shocks or the general cross-country spillover effects. In a restrictive sense, contagion is the
transmission of shocks to other countries, or the cross-country correlation, beyond any fundamental
link among the countries and beyond common shocks. In a very restrictive sense, contagion refers to
increase in cross-country correlations during “crisis times” relative to correlations during “tranquil
times.” The very restrictive definition is commonly used in recent empirical analysis to identify and
measure financial contagion (Forbes and Rigobon, 2002; Dungey et al., 2005, among others). This

paper follows this convention.

2.2 Mechanisms of crises transmission

The literature includes two groups of theories, which are not necessarily mutually exclusive, explain-
ing crisis transmission mechanisms. One group argues that the economic fundamentals of different
countries are interconnected by their cross-border flows of goods, services, and capital. When a cri-
sis originates in one country, this interdependence of economies through real and financial linkages

becomes a carrier of crisis (Kaminsky and Reinhart, 1998; Glick and Rose, 1999; Rijckeghem and

IFor example, Eichengreen et al. (1996) define contagion as a significant increase in the probability of a crisis
in one country, conditional on a crisis observed in an origin country. Hamao et al. (1990) refer to contagion as a
volatility spillover from crisis country to other countries. Forbes and Rigobon (2002) and Dungey et al. (2005), among
others, refer to contagion as a significant increase in the co-movements of prices across markets conditional on a crisis
occurring in one market or a group of markets.

?http://go.worldbank.org/JIBDRK3YCO



Weder, 2001). In addition, global phenomena or common shocks such as a major economic shift
in industrial countries, significant changes in oil prices, changes in US interest rates, and changes
in exchange rates may adversely affect the economic fundamentals of several economies simulta-
neously, therefore may cause a crisis (Eichengreen et al., 1996). These fundamental based effects
are also known as ‘spillovers’ (Masson, 1999), ‘interdependence’ (Forbes and Rigobon, 2002), or
‘fundamentals based contagion’ (Kaminsky and Reinhart, 1998).

Another group of theories argues that financial crisis spreads from one country to another due
to market imperfection or the behavior of international investors (Diamond and Dybvig, 1983; King
and Wadhwani, 1990; Masson, 1999; Dornbusch et al., 2000; Kodres and Pritsker, 2002). Information
asymmetries make investors more uncertain about the actual economic fundamentals of a country. A
crisis in one country may give a “wake-up call” to international investors to reassess the risks in other
countries, and uninformed or less informed investors may find it difficult to extract the informed
signal from the falling price, and follow the strategies of better informed investors generating excess
co-movements across the markets (Goldstein, 1998; Yuan, 2005; Pasquariello, 2007). Tthe degree of
(non)anticipation of a crisis by investors is crucial for existence of contagion because of investors’
attention allocation (Mondria and Quintana-Domeque, 2012). Sudden shifts in market confidence
and expectations have been identified as important factors causing contagion (Masson, 1999; Mondria
and Quintana-Domeque, 2012).

The initial empirical literature on financial crisis and contagion focused on fundamentals-based
mechanisms and directed towards developing an early warning system (Eichengreen et al., 1996;
Kaminsky et al., 1998; Rijckeghem and Weder, 2001) while later empirical works are focused on
investor behavior based mechanisms Dungey et al. (2005); Bekaert et al. (2011).

In an early and influential study, King and Wadhwani (1990) examine the correlation between
US, UK and Japanese stock markets during the 1987-1988 (stock market crash in 1987). They find
evidence of increased correlation between the US, UK, and the Japanese stock markets during the
1987 crisis which cannot be explained by economic fundamentals. Baig and Goldfajn (1999) use a
similar approach to examine financial contagion in Asian markets during the Asian crisis and find
that the correlation across the countries for same asset class (stock markets, interest rates, sovereign
bond spreads and exchange rates) increased significantly during the crisis period.

In a seminal paper, Forbes and Rigobon (2002) provide a breakthrough on the conventional

correlation analysis approach for testing contagion. As volatility increases during a crisis, an increase



in correlation may simply be a continuation of strong transmission mechanisms that exist in more
stable periods. Forbes and Rigobon (2002) offer an adjusted correlation coefficient approach to test
for contagion in 28 stock markets and three episodes of crisis. They conclude that the observed
increase in correlation during crisis period is due to increased interdependence among the markets,
not contagion.

In a slightly different fashion, Dungey and Martin (2001); Bekaert et al. (2005); Corsetti et al.
(2005); Bekaert et al. (2011), among others, follow a factor model of correlation analysis to test for
contagion during different episodes of financial crises.

There is a growing body of empirical literature testing for financial contagion during the GFC.
Using a broad set of data from 55 advanced and emerging countries, Bekaert et al. (2011) examine
the transmission of crises to country-industry equity portfolios in 55 countries during the global
financial crisis. Using a CAPM based approach, they find systematic and substantial contagion
from domestic equity markets to individual domestic equity portfolios, with its severity inversely
related to the quality of countries’ economic fundamentals. They consequently find a small evidence
of contagion running from US markets and from the global financial sector. Therefore, conclude that
investors focus substantially more on country-specific characteristics (idiosyncratic risks) during the
crisis period. However, in a slightly different empirical setting, Baur (2012) also uses the sectoral level
data from 25 countries (industrial and developing) and examines the spread of financial crises from
the financial sector to real sector within a country and across countries during the crisis. He finds
strong contagion effects and claims that no region or specific group of countries has been immune to
shocks associated with crisis, however, real economy sectors especially healthcare, telecommunication
and IT sector were less contagious.

A stylized fact of the GFC is that financial markets around the world suffered from tremendous
loss. However, there still remain disagreements on the international transmission of the crisis and its
mechanisms. In particular, whether this international transmission of crisis resulted from intercon-
nected global markets (through real and financial linkages) or was caused by the idiosyncratic factors
(attributed to behaviors of market participants during the crisis period). The divergent empirical
findings on contagion tests largely depend on how the crisis transmission channel is defined and how
it is implemented in an empirical setting (Dungey et al., 2005). The different and even inconsis-
tent findings of studies using different empirical approaches make it difficult to compare results and

therefore to reach into a meaningful conclusion. Dungey et al. (2005) nest the empirical framework



of Forbes and Rigobon (2002); Bae et al. (2003); Corsetti et al. (2005) and Bekaert et al. (2005) and

provide a simple and unifying framework to test for contagion which is adopted in Section 3.

3 Empirical Framework

3.1 Latent factor model

The latent factor model of Dungey et al. (2005) is based on the Capital Assets Pricing Model
(CAPM) framework. Let the return on an asset, y;, , during the non-crisis period be a function of
a common factor, w; which affects all the asset markets, and an idiosyncratic factor, w;; which is

specific to a particular asset market. The relationship can be expressed as:
Vit = Nwg +05u;451=1,2,..., N (1)

where ¢ refers to the market ¢, and ¢ refers to time. The A; and §; refer to factor loadings of
common factor and idiosyncratic factors respectively. The factors are assumed to be latent stochastic
processes with zero mean and unit variance. The factors are orthogonal to each other, and the

covariance of idiosyncratic factors across different markets is assumed to be zero:

wy ~ i.i.d.(0,1) (2)
wi g ~ i.i.d.(0,1) (3)
Elwiui ) = 0Vi (4)
Elui 1u;) = 0Yi # j. (5)

Therefore, for the pre-crisis period, the unconditional variance and covariance of y;: can be

expressed as:

Ely?] = A2 482 (i =1,2,..N) (©)
Elyi,y] = \iAj (i =1,2,..N) Vi # j, (7)

Assume that a crisis originates in the first market via an idiosyncratic shock. During the crisis

period, the idiosyncratic factor of the first market may affect the returns on assets in other markets



in a way which does not occur during the non-crisis period. Dungey et al. (2005) identify this avenue
as a contagion channel. Therefore, during the crisis period, the return on asset in each market can
be expressed as:

Y1t = Mwg + 01u1 ¢ (8)
Yjt = Njws + Bjuz s + 01, u1,; = 2, ..., N. 9)

If we allow contemporaneous shocks across the markets, then Eq. (8) and (9) can be expressed

as:
N

Yit = hiwg + S5 1 + Z @i juje; ¢ =1,..., N. (10)

=10
Now the test of contagion relies on the statistical significance of the ; js. If the ; ;s are
significantly different from zero, there is a contagion effect.
For the crisis period, as in Eq. (6), the variance of y;;, based on Eq (10) can be expressed as:
N

Bl =X +8+ > ¢, (i=12..N). (11)
i=1,i#j

The contribution of each factor can be represented as the proportion of volatility of y; explained

by common shocks, idiosyncratic factor, and contagion respectively:

)‘12 . 53 . %Z,j
2 N ) 2 N ’ 2 N .
N A0+ Nirin 00 NS+ Eitrin iy A0 X in iy P

(12)

Eq. (12) provides the descriptive measure of the relative strength of contagion in contributing to
the volatility of returns during the crisis period. In this way, the latent factor approach of Dungey
et al. (2005) provides not only a test for contagion but also a measure of the relative strength of

contagion explaining market volatility.

3.2 Sample and Data

Along with the US as the crisis origin country, we focus on four major advanced economies (France,
Germany, Japan and UK) and four major emerging economies (Brazil, Russia, India and China) to
examine the international transmission of the crisis. The selection of these countries is based on
their size (in terms of gross domestic product, GDP) and their economic/market structure. The five

advanced economies are the largest five countries from the advanced economy group and the four



emerging economies are the largest four countries from the emerging economy group as classified by
International Monetary Fund.? In addition, these nine markets together make up about 62.1 percent
of world GDP (authors’ calculation based on 2010 GDP in current US Dollar).*

Our sample period covers from January 02, 2004 to December 31, 2010. We use daily data
extracted from Thompson Reuters Datastream, and compute daily returns as the log difference of
the daily price index. To overcome the geographical time differences problem (among the sample
economies), we use Day 01 in US and Brazil = Day 02 in European and Asian markets markets. We
also performed sensitivity analysis by using a two-day moving average (as in Forbes and Rigobon

(2002)), as well as data without time adjustment. The results are robust to these changes.

3.3 Identifying crisis dates

The empirical literature on financial contagion suggests that the results are sensitive to the data
windows and choice of crisis date (Dungey et al., 2005). Correlation based studies often rely on
exogenously determined crisis dates. In this paper, we use endogenously determined crisis and
non-crisis periods. We use an Iterative Cumulative Sum of Square (ICSS) algorithm based on the
CUSUM test to detect the structural change in variance of an individual return series (Inclan and
Tiao, 1994; Sanso et al., 2004) and first applied to crisis period detection by Wang and Nguyen Thi
(2012). The ICSS approach assumes that return series exihibit a stationary variance over an initial
period until a sudden change in variance occurs and then stationary again for a time until the next
sudden change. This process is repeated through time, yielding a number of changes in the variance
(Aggarwal et al., 1999).

Let’s consider the demeaned asset return series, €;, which is normally distributed with oZ. For
the whole sample of T" observations, the variance within each interval is denoted by 7']-2, j=0,1,...Np,

and 1 < k; < kg < ... < kn, <T are the dates of break in variance,

o} T8 if 1<t <k,

2 if ki <t<k
i if k1 2 (13)

= TJQ\,T; if kny, <t<T.

3http://www.imf.org/external /pubs/ft /weo,/2010/02/weodata/weoselgr.aspx, accessed on 15/04/2012.
4http://data.worldbank.org/indicator/NY.GDP.MKTP.CD, accessed on 15/04/2012.



Table 1: Structural breaks in volatility in the US equity and financial index reruns

SN Description Equity Finance Remarks

1 First break July 19, 2007 July 19, 2007 Crisis period begins

2 Second break  September 12, 2008  July 4, 2008 Heightened period

3 Third break June 1, 2009 May 29, 2009 Crisis period ends

4 Fourth break  September 3, 2010 December 12, 2010  Post crisis period ends

To estimate the number of changes in variance and the point in time of each variance shift, Inclan

and Tiao (1994) define a Dy, statistic as follows:

G, k.

Dy=———=; k=1,...,T |Dy=D;=0 14
k CT T7 5y |0 t ( )

where, C, = Zleef, k =1,...,T is the cumulative sums of squares of ¢; from the beginning of
the series to k" point in time. If there are no changes in variance over the sample period, the Dy,
statistic oscillates around zero and asymptotically, behaves as a standard Brownian motion (Inclan
and Tiao, 1994).5 If there are one or more sudden variance changes in the series, the Dy values
drift either up or down from zero (Aggarwal et al., 1999).° Sanso et al. (2004) offer modifications to
the ICSS algorithm incorporating heteroskedasticity and fourth moment properties of financial data.
They replace Dy by Gy = WJ4(Cy — %CT), where @, is a consistent estimator of wy, the long-run
fourth moment of ¢, (Sanso et al., 2004).” The null hypothesis of no break in variance is rejected
when Gy = Maxy(|]T~%5Gy|) is outside the confidence interval range. The simulation based critical
value (at a=5%) for G~ is 1.406.

Table 1 provides the results for the ICSS test to our sample. The break dates are approximately
equivalent to GFC period defined by the World Bank (BIS, 2009); and the US recession end date
defined by the National Bureau of Economic Research (NBER, 2010). Since the crisis began in the
financial sector, we choose the financial sector break dates. Therefore crisis period considered in this

paper is from July 19, 2007 to May 29, 2009.

5This can be observed by plotting Dy, values against k.
6See Inclan and Tiao (1994) for more detail on ICSS algorithm.
7The non-parametric estimator of wy is:

= fzt (e =522+ 3 Zw (¢, w) Z &2, —5%)? (15)

T t=Il+1

where w(i,w)is a Bartlett window and & estimate depends on the choice of m parameter with the Newey-West
method (Sanso et al., 2004).



3.4 Stylized facts and descriptive statistics

Unlike other financial crises,® which were often regional in nature and lasted for a relatively short
period of time, the GFC lasted for about two years. This crisis affected both the advanced economies
and emerging economies in our sample. As revealed in Figure 1 and 2, before the crisis, the equity
market indices of these economies were increasing gradually. When the crisis hit over the period from
July 2007 to May 2009, the US equity market alone lost about 40 percent of its market capitalization;
the French equity market lost about 46 percent; the German equity market lost about 41 percent; the
Japanese equity market lost about 35 percent; and the UK equity market lost about 49 percent. The
magnitude of the crisis effect in emerging markets, however, is relatively lower. For example, China,
India, and Brazil lost equity market capitalization by about 23, 24, and 25 percent respectively. The
Russian equity market lost the most at about 52 percent.

The effect of crisis is more severe in the financial sector. The US financial sector lost about 60
percent of market capitalization whereas the French, German, and Japanese financial sectors lost
about 58 percent, 50 percent and 45 percent respectively, and the UK financial sector experienced
the highest loss (about 66 percent) among the advanced economies. The loss figures for the financial
sector are about 10 to 20 percent above the loss in the overall equity markets for each country. In
the case of emerging economies, except for Russia, the loss faced by the financial sector is about
30 percent. The Russian financial sector experienced an approximate 70 percent loss in its market
capitalization during the global financial crisis which is the highest loss among all the markets
investigated. All these markets experienced negative returns over the crisis period, and their market
volatility (standard deviation) approximately doubled compared with the non-crisis period. US
financial sector volatility increased by approximately 4 fold. These facts indicate the severity of this

crisis. Figures 3 and 4 depict the daily returns for advanced and emerging markets.

8Mexican crisis, Asian crisis, Russian crisis, LTCM collapse, Dot com bubble etc.
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Figure 1: Aggregate equity market price index for advanced countries
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Note: The right hand side scale applies to US and left hand side scale applies to rest. The price index is measured in
US dollars and re-indexed to 100 on January 1, 2000. Data source: Thompson Reuters Datastream.

Figure 2: Aggregate equity market price index for emerging countries and the US
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Note: The right hand side scale applies to US and left hand side scale applies to rest. The price index is measured in
US dollars and re-indexed to 100 on January 1, 2000. Data source: Thompson Reuters Datastream.

The descriptive statistics in Table 2 reveal that while emerging markets experienced relatively
lower negative returns than advanced markets during the crisis period, emerging markets were
relatively more volatile than advanced markets at the same time. During the non-crisis period, the

emerging markets had higher returns than advanced markets. Furthermore, in advanced economies,
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the overall equity market portfolio has higher returns than the financial sector portfolio, whereas
in the emerging markets, the financial sector portfolio has higher returns than the aggregate equity
market portfolio. The higher performance of the financial sector in emerging markets could be
attributed to banking oriented capital markets, less market competition, and higher economic growth

in these economies.

3.5 Empirical model specifications

Our empirical setting relies on the factor model specification of Dungey et al. (2005) as shown in Eq.
(8) and (9). The crisis first originated in the US market and subsequently spread to other markets.
We examine US contagion effects in advanced economies and emerging economies separately to
achieve exact identification. In a five markets case, there are 15 moment conditions. We have five
As and five 8s. Therefore, we have a maximum of five contagion channels which be identified with
the model. In the actual empirical setting, we define four contagion channels from the US to each
of four other countries and we use one additional parameter to check for a structural break in the

US common factor. Therefore, our empirical framework proceeds as follows:

[ Yus,t ] [ M ] i 01 11 U1t ]
Y.t e 02 Uzt
Ysk | = | A3 [ w ] +diag | B3 u3, ¢
Yat Ay 04 Ug,t
L yse | [ A | 05 | | us¢ |
Common Idiosyncratic
[0 17 Tyuy ¢ 1 Ao ]
P12 0 Liug 0
+ | s 0 Liugy | | O [ Tywy } (16)
P14 0 Tiug 0
K 0] | Luse | [ O]
Contagion Break in Common

where [ is an indicator function that takes value 1 during the crisis period, otherwise 0. The loading
matrix for the idiosyncratic factor in Eq. (16) can be altered for the possible contagion channels

across the markets including feedback to the US market but the choice of contagion channel is limited
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by number of available moment conditions and number of parameters to be estimated.’

We take generalized method of moments (GMM) approach to estimate the parameters in Eq.
(16). We follow Dungey et al. (2005) and use indirect estimation technique by matching the theo-
retical and empirical moment conditions.

For the non-crisis period, the variance-covariance structures of markets take the same form as in
Eq. (4) and (5). For the crisis period, the variance-covariance structure of markets can be expressed
as:

Variance of the US market:

Elyfs] =2 + 07 + 5. (17)

Variance of other markets:

Ey] =0 +87 +42; i=2,...,5£US. (18)

Covariance between the US and each of other markets :

Elyus,yi] = Mhi + 8191, =2,...,5 £ US. (19)

Covariance between other markets:

Elyi,y;] = hihj +¥1try; i =2,...,5Vi#j#US. (20)

The non-crisis and crisis period variance-covariance conditions in can be obtained by introducing
indicator function (I) in Eq. (17) to (20) as indicated in Eq. (16).

We decompose the variance of each market as a proportion contribution of each factor in Eq. (16)
as specified in Eq. (12), (17), and (18). More specifically, for the non-crisis period, the proportion

contributed by common factor for each market (7) is given by:

A/ +57) (21)

and the proportion contributed by idiosyncratic factor is given by:

90ur preliminary analysis of Granger Causality tests indicates that the US market is not Granger caused by other
markets.
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52/ (02 +382). (22)

For the crisis period, for the US, the proportion contributed by common factor is given by:

(W +2)/10F +35) + 7] (23)

and the proportion contributed by idiosyncratic factor is given by:

51/[(3% +29) + d1). (24)
For other markets, the proportion contributed by common factor is given by:
NJAF+8 +¢1,); i=2,..,5Vi #£US (25)
the proportion contributed by idiosyncratic factor is given by:
07 /(A 487 + o1 ) (26)
and the proportion contributed by contagion factor is given by:
90%1/()‘? +87 + ‘P%z) (27)

The variance decomposition outlined above provides the relative strength of each factor for a
given market contributing to its market volatility.
We test the overall significance of the model specified in Eq. (18) using Hansen’s J-test for a

number of overidentification restrictions where the J statistic is:
J=TQ (28)

where T is the sample size, and @ is the value of objective value function of the GMM estimator
which takes of the form:

Q=MW'M (29)
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where M is a vector containing the difference between the empirical and theoretical moments and
W is the optimal weighting matrix. The J statistic is distributed asymptotically x? with ¢ (number
of restricted parameters) degrees of freedom. Under the null hypothesis, the restrictions are set to
be zero. If the value of .J statistic is below the the x? critical value at 5 percent level of significance
for given level of degrees of freedom, the null hypothesis of “the model is valid with restrictions” is
accepted.

For a joint test of contagion using factor model in Eq. (16), we perform an LR test with 4 degrees
of freedom under the null hypothesis (1 ; = 0). This test of contagion can be interpreted as testing

for changes in both variances and covariances (Dungey et al., 2005).

4 Results

4.1 Model restrictions and statistical significance

The model in Eq. (18) is exactly identified with 15 parameters and 15 moment conditions. We
further test the model by imposing restrictions on (i) contagion parameters and parameter for a
break in the US common factor, (¢1,; = Ao = 0); (ii) parameter for a break in the US common
factor (Ao = 0) only; and (iii) contagion parameters, (¢1,; = 0) only. We used Hansen’s J-test for
overidentification when restrictions were imposed. The results are reported in Panel A of Table 3.

The restrictions ¢1; = Ag = 0, reject the null hypothesis. However, the restriction A\g = 0,
is rejected only for models for advanced economies. The hypothesis is not rejected for emerging
economies. The statistical significance of the model with break in the US common factor for advanced
economies indicates a shift in the interdependence among advanced markets during the crisis period.
This is not the case with emerging markets where we do not find changes in interdependence.

The restriction ¢; ; = 0, results in a rejection of the null hypothesis. This test suggests that
model estimation without contagion parameters may suffer from misspecification. As this test also
approximates the test for a joint hypothesis of no contagion, the rejection of the null hypothesis
suggests evidence of significant contagion running from the US to other markets during the global
financial crisis. When a formal LR test is performed for a joint test of statistical significance of
the contagion parameter estimates (¢1; = 0) in Eq. (18), we reject the null hypothesis providing
statistical evidence of financial contagion in advanced and emerging markets (running from the US

market) during the GFC. The result is reported in Table 3 Panel B.
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4.2 Measuring contagion effects - Volatility decomposition

The unconditional volatility decomposition estimates for total equity market returns from the latent
factor model for the US and the four advanced economies and four emerging economies are presented
in Table 4. During the non-crisis period, the common factor explains a large portion of equity market
volatility for advanced economies, particularly, among the European countries. This could be due to
the fact that the European countries have similar institutional frameworks to the European Union
and therefore markets are more integrated. The results for the crisis period show that the common
factor accounts for about 54 percent of the US equity market, about 27 percent (each) of the French,
Japanese and British equity markets, and about 17 percent for the German equity market. The
country specific idiosyncratic factors contribute less to the volatility (except for Japan) suggesting
lower portfolio diversification benefits for international investors.

During the crisis period, contagion factors are the dominant in explaining the volatility of the
French, German and British equity markets. The contagion effects running from the US alone
explain about 73 percent of the volatility of French, 77 percent of the volatility of German and 65
percent of the volatility of British equity markets. The greater contagion effects in European equity
markets can be attributed to panic among investors about the effect of the US crisis (in terms of
size and influences) in European markets.

Among the advanced countries, the Japanese equity market experiences less contagion effects
from the US equity market (US shocks explain about 19 percent of the volatility of the Japanese
equity market). Wei (2009) argues that Japanese markets during the crisis period were facing
economic problems and a natural disaster (typhoon) and the Japanese media were focusing on those
issues rather the crisis in the US. Within country attention in Japanese markets is also reflected
in the contribution of the country-specific idiosyncratic factor to total equity market volatility (the
idiosyncratic factor explains about 54 percent volatility of Japanese equity market). This finding
supports the information channel argument of financial contagion (King and Wadhwani, 1990).

In the case of emerging markets, the common factor accounts for much less volatility in emerging
markets (except for Brazil). The emerging markets investigated have very different institutional
settings, and therefore might have less commonality in terms of explaining equity market returns.
Contagion effects from the US equity market to emerging markets show that Brazilian and Chinese

equity markets experience lower contagion effects from the US than other emerging markets in our
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sample. The US shocks (contagion) explain about 21 and 29 percent of the volatility of these markets
respectively. However, US shocks explain about 57 percent of the Russian equity market volatility.
Surprisingly, the Indian equity market experienced the greatest contagion effect from US equity
market among all the countries investigated.

During the global financial crisis, the financial sector was the first most affected segment of the
economy. We are interested in contagion effects from the US financial sector to the financial sector
of other advanced economies and emerging economies. Table 5 shows that although equity market
in advanced countries experience larger contagion effects from the US equity market in total, the
financial sector in advanced countries (except Japan) do not experience contagion effects from the
US financial sector. The US financial sector shocks explain about 4 percent of the volatility of
the French financial sector, 6 percent volatility of the German financial sector and about 2 percent
of the UK financial sector. There could be several reasons behind this. The financial markets in
the US and Europe are more integrated and have strong financial linkages (cross-boarder lending
and borrowing, and FDI and FPI). As a result, investors rationally assume that financial markets
in Europe may suffer from the similar problems, and behave accordingly. This may lead to the
transmission of crisis through financial linkages (although we do not formally test for financial
linkages for crisis transmission in this paper). Unlike the aggregate equity market, the Japanese
financial sector experiences large shocks from the US financial sector. The US shocks explain about
70 percent of the volatility, although the Japanese financial sector is assumed to be more resilient
to external influences (Kawai and Takagi, 2009).

While considering the contagion effects of the US financial sector in emerging markets, we find
similar results as in equity market contagion. Shocks from the US financial sector explain about
one quarter of Brazilian financial sector volatility and about one third of Chinese financial sector
volatility. The Indian financial sector experiences more contagion effects. The US financial sector
shocks explain about 74 percent of the volatility during the crisis period.

For further reference, we transform the results in Table 4 and 5 into their squared basis point
equivalent by multiplying these results by the variance on the returns on market index for each
country. The estimated variance decompositions in squared basis points are reported in Table 6.
This transformation of results quantifies the contagion effects in a meaningful way. It also helps to
reduce the ambiguity of percentage basis expression in cross-market comparisons. For example, the

US shocks explain 70 percent of the volatility of the Japanese financial sector returns and about 74
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percent of the volatility of the Indian financial sector return. However, the magnitude of effects on
squared basis point in Indian financial sector is about twice the effects on Japanese financial market.

In squared basis points, the US contagion contributes to increase in the variance of UK equity
market by 3.961 squared basis points which is greatest among advanced equity markets. The US
contagion shocks contribute to variance of the Japanese equity market by 0.785 square basis points.
Among the emerging equity markets, the US contagion shocks contribute to a large increase in
the variance of these markets, particularly in the Indian and Russian markets. The magnitude
of contagion shocks in squared basis point is greater for Russian equity market than for Indian
equity market, although the US contagion shocks explain larger proportion of Indian equity market
volatility than the Russian equity market volatility (as shown in Table 3). The results suggest that
the US contagion shocks increase the variance of Russian equity market in greater scale than that of
the Indian equity market. Similarly, the US shocks increase the volatility of Brazilian equity market
more than that of for the Japanese market (2.341 versus 0.785 squared basis points), although the
proportion contribution of the US shocks in Japanese equity market is higher than in the Brazilian
equity market.

In financial sectors, the contagion from the US financial sector accounts for about 5.5 square
basis points in the total variance of Japanese financial market. The square point basis contribution
of US financial sector shocks is higher for emerging financial sectors. For example, the US shocks
account for about 11.5 square basis points for variance in the Indian financial sector returns and

about 10.4 square basis point for variance in the Russian financial sector returns.

4.3 Robustness and sensitivity analysis of results

We also examined contagion from the US financial sector to the aggregate equity markets in other
countries and contagion from the US equity market to financial sector of other markets. The results
are consistent, i.e. the financial markets in advanced countries (except Japan) experience very
small contagion effects from the US (equity market or financial sector). In addition, we considered
September 15, 2008 to May 29, 2009 as the crisis period. We also performed the sensitivity analysis
for geographic time differences considering (i) data as it is, that is, without time adjustment, and
(ii) using the 2-day rolling over moving average (as in Forbes and Rigobon (2002)). The central

results remain the same.
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5 Concluding Remarks

The global financial crisis has been widely characterized as beginning with the real estate bubble
burst and sub-prime crisis in US. This was followed by a sharp decline in equity market indices
in the US and subsequently in other countries. The crisis was not limited to advanced economies.
Many emerging economies experienced even sharper decrease in stock market indices. This paper
examined the contagion effects from the US to advanced and emerging economies during the global
financial crisis using a latent factor model. We found significant contagion effects from the US equity
market to equity markets in both advanced and emerging economies. The contagion factors were
the dominant factors explaining the volatility of these markets during the crisis period. However,
we found less contagion effects from the US financial sector to the financial sector of advanced
economies except Japan. Our results suggest that contagion effects are not strongly related to the

level of global integration.
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