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Abstract This paper investigates volatility linkages and financial contagion via
the asset price channel from the US and Europe to East Asia during the 2007-2011
global financial crisis. Following crisis contingent theories, financial contagion is
modeled as the structural change in transmission mechanism after a shock in one
country (shift-contagion). Using Markov-switching vector autoregression and
multivariate unconditional correlation tests, this study not only addresses the
theoretical assumptions about multiple equilibria and nonlinear linkages, but also
handles the problems of heteroskedasticity, endogeneity, simultaneous equations
and sample selection bias. The empirical results show a significant nonlinear
dynamic behaviour of asset returns and volatility interactions across-countries. The
volatility spillovers from the US and Europe to East Asian financial markets were
mainly caused by fundamental links, apart from in Thailand, which experienced
shift-contagion caused by investor behaviours. There is also evidence of the
intensified intra-regional linkages in the event of an external shock.
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1 Introduction

The liberalisation of capital markets around the world has allowed free movements
of information and capital flows, driving international asset prices and volatility
linkages. The literature on the historical financial crises during the past decades has
suggested the important role of asset prices in the transmission of idiosyncratic
shock across countries (Kindleberger and Aliber 2011). This has been confirmed by
the stylised facts of the 2007-2011 global financial crisis, in which several equity
price indices in advanced economies (AEs) as well as emerging markets (EMEs) fell
sharply following the collapse of the US subprime mortgage market in 2007, with
the consequent downward pressure of the Standard and Poor’s 500 Index (S&P500),
causing widespread propagation of financial shocks all over the world.! Even the
resilient financial markets of Asia were not immune from volatility spillovers. It
should be noted that since the East Asian crisis in 1997, all countries in this region
have conducted fundamental reforms in their financial systems, especially in the
banking sector. Therefore, they entered the global financial crisis with relatively
healthy financial positions and strong capital buffers. In addition, as the financial
institutions in the region have limited exposure to subprime-related instruments, it
might be expected that East Asian financial markets would successfully decouple
from the global financial turmoil. Despite the fact that East Asia stayed resilient
during 2007 and the first half of 2008, financially the region gave into the stream of
negative news from the collapse of Lehman Brothers in September 2008.

This paper investigates empirically volatility linkages in assets prices and financial
contagion from the US and Europe to seven East Asian countries’ during the
2007-2009 global financial crisis and the subsequent 2010-2011 European debt crisis.
A large body of research has tested for asset price volatility linkages and evidence of
financial contagion across countries. The theoretical literature suggests that co-
movements in asset prices may be linked to either “common shocks” and
“interdependence” of fundamentals, or “shift-contagion” caused by investor
behaviour. While interdependence refers to the stable cross-market linkages, the
shift contagion addresses the nonlinear nature of financial interaction. However, the
empirical role for shift-contagion appears to be relatively limited. Additionally,
different methodologies have been used; each is subject to some specific econometric
problems, making it difficult to assess the significance of asset price channels in shock
transmission. In an effort to seek more robust evidence of contagion in recent financial
crises, this study aims to answer the following research questions:

1. How do asset prices facilitate the transmission of volatility shock across
borders?

2. How do empirical estimates of asset price volatility linkages relate to
theoretical assumptions as generally used in the literature on shift-contagion
which is caused by investor behaviour?

! See Artikis and Nifora (2011) and Lian et al. (2011) for the possible effects of financial crises on
industries and firms.

2 The East Asian countries examined in this study are Hong Kong (HK), Singapore (SG), Korea (KR),
Malaysia (ML), Indonesia (ID), Philippines (PH) and Thailand (TL).
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Applying the methodology suggested by Mandilaras and Bird (2010), we test for
volatility spillovers and contagion effects with the two-step econometric procedure.
In the first step, the Markov-switching vector autoregression (MS-VAR) framework
is used to endogenously identify crisis and non-crisis periods of the financial time
series. The second step follows with multivariate unconditional correlation tests to
verify evidence of shift-contagion. This helps to address the crisis-contingent
theories, in which financial contagion is modeled as the structural change in the
transmission mechanisms, specifically an increase in cross-market linkages after a
volatility shock in one country. The shift in cross market linkages conveys an
important assumption that the underlying distribution of asset prices and returns
yields multiple equilibria. Moreover, this methodology tackles several econometric
concerns, such as heteroskedasticity, endogeneity, simultaneous equations and
sample selection bias.

We analyse the proxies for general stress in the equity market, foreign exchange
market and sovereign debt market, as these three financial market segments have
been generally considered to be more related to global risk premia and capital flows,
implying susceptibility to global financial conditions. Therefore, the fall in stock
price, pressure on exchange rates, increasing sovereign spreads and the associated
volatility increase might not only indicate the depth of the crisis, but also gauge the
diffusion of idiosyncratic shock across countries.

The structure of this paper is as follows. Section 2 provides the theoretical and
empirical framework of volatility linkages and financial contagion. In Sect. 3, the
econometric methodologies are discussed. Data description and preliminary analysis
will be presented in Sect. 4, while Sect. 5 will provide some discussion on empirical
results. Section 6 concludes the study.

2 Theoretical and empirical literature of volatility linkages and financial
contagion

2.1 Non-crisis contingent theories vs. crisis contingent theories

The East Asian crisis in 1997-1998 sparked the widespread use of the term
“contagion” to refer to the spread of financial market turmoil across countries.
Since then, a vast number of studies have attempted to explain the theory with
different approaches, either focusing on direct fundamental linkages (non-crisis
contingent theories) or indirect linkages via investor behaviour (crisis-contingent
theories) (Claessens and Forbes 2004; Forbes and Rigobon 2001, 2002).

2.1.1 Non-crisis-contingent theories

Non-crisis contingent theories explain shock propagation through fundamental links
(i.e. common shocks, trade links and direct financial links) and assume that there is
no significant difference in the transmission mechanism before and after financial
crises (Forbes and Rigobon 2002). A common or global shock, such as a slowdown
in world aggregate demand, a shift in international interest rates, changes in
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commodity prices or bilateral exchange rates between major world economies can
simultaneously affect the fundamentals of several economies, which thereafter leads
to the co-movements of asset prices and/or capital flows in the affected countries.

Trade links can transmit shocks from one country to another through income
effects and price competitiveness. If a country undergoes a financial crisis, it will
suffer an economic slowdown and income deterioration, leading to a fall in its
import demand. This will directly affect firms that export products to that country.
Trade links also magnify shock propagation through competitive devaluation when
two countries are trading partners or compete with each other in a third foreign
market. A financial shock that causes exchange rate depreciation in one country will
deteriorate the other country’s export competitiveness, making the affected county
devaluate its currency to re-balance the external sectors (Gerlach and Smets 1995).

Another fundamental cause of financial contagion relates to direct financial
linkages. The global integration and expansion of large complex financial
institutions that engage in interbank contracts, syndicated loan insurance, equity
and bonds and OTC derivatives make economies become more and more integrated
through international financial systems. This type of interconnectedness increases
liquidity spillovers not only in the banking sector but also in non-banking sectors.
For example, during the US subprime mortgage credit crisis, direct financial
contagion related to the large losses and greater degree of financial distress in
European banks which held large amounts of US mortgage-backed securities and
were highly dependent on dollar funding.

2.1.2 Crisis-contingent theories

The second strand of theory focuses on investor-based contagion or “pure
contagion” (Kumar and Persaud 2002; Masson 1999), introducing shock propagation
unrelated to fundamentals but generated by the change in investor behaviours. The
most common explanation for pure contagion is associated with theories of
multiple equilibria arising as a result of changes in investors’ self-fulfilling
expectations. This was explained by the bank run model of Diamond and Dybvig
(1983), in which a large number of customers suddenly withdraw their deposits
from a bank if they believe that it is or might become insolvent. In other words,
individual depositors need to form an expectation of the behaviours of other
depositors: if the others run, then it is vital for an individual to run too. The bank
run will exhaust a bank’s liquid assets, which encourages further withdrawals and
leads to bank bankruptcy.

Contagion may also occur because of liquidity problems and portfolio
rebalancing. A negative shock in one economy may lead to deterioration in the
value of leveraged investors’ collateral, leading them to liquidate assets in
unaffected economies to meet margin calls. Banks from a common creditor can also
face liquidity problems when they experience a marked deterioration in the quality
of their loans in one country, hence they attempt to reduce the overall risk of their
loan portfolios by reducing their exposure in other high-risk investments in EMEs.
The standard portfolio theory explains portfolio rebalancing based on the fact that
international investors decide how much to invest in a risky foreign country by
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weighing the expected return against the associated risks. If a structural-uncertainty
parameter of an economy changes, investor portfolios shift to reflect the new
equilibrium prices of risk.

Investor-based contagion may also be caused by information asymmetries and
herding behaviour. In the absence of a perfect market and information, investors do
not have a complete picture of a country’s fundamentals and its true state of
vulnerabilities. They therefore make their investment decisions based on the actions
of other investors, causing herding behaviour or financial panic. Calvo and Mendoza
(2000) theoretically prove that because it is expensive to gather and process
country-specific information, less informed and uninformed investors will obtain
cost-effective benefits by observing and copying informed investors who act early in
adjusting their portfolios. If informed investors move to a bad equilibrium, then
uninformed investors, by following informed ones, cause another bad equilibrium.

In conclusion, financial contagion caused by fundamental channels can in
principle be predicted and manageable, while it is more challenging to predict and
quantify investor-based contagion in a world of multiple equilibria, imperfect
markets and information asymmetries. These kinds of investor behaviour do not
exist during stable periods, but occur after an initial shock elsewhere, causing shifts
in transmission mechanisms and jumps in financial asset price distribution. Forbes
and Rigobon (2002) term this “shift-contagion” and categorise the theories
explaining the shifts as crisis-contingent theories. Accordingly, contagion is defined
as a significant increase in cross-market linkages after a negative shock in an
individual country (or group of countries).

2.2 Empirical tests and evidence

There are extensive empirical tests of financial contagion. Different methodologies
have been developed, each subject to some specific econometric problems (e.g.
heteroskedasticity, non-linearity, simultaneous equations, endogeneity, and arbitrary
choice of crisis window), causing variability of results and difficulty in assessing
evidence for contagion. Depending on how contagion is specifically defined,
empirical tests can be classified into the following groups: (1) tests based on the
conditional probability of a crisis and its transmission mechanism; (2) tests
measuring change in volatility and volatility spillovers; (3) cross-country correlation
and correlation breakdown tests; and (4) multiple equilibria testing with the
Hamilton switching model.

The first group investigates fundamental-based contagion and aims to test the
importance of several fundamental transmission mechanisms as well as their
contributions to the probability of the occurrence of a crisis. Probability models
such as probit and logit models are the most common methods to test contagion
without assuming any structural break in cross-market linkages (Caramazza et al.
2000; Eichengreen et al. 1996; Haile and Pozo 2008). One of the advantages of this
methodology is that it can estimate the probability of spreads of financial crises and
identify channels through which contagion occurs. However, this approach has
several shortcomings, such as the ad hoc selection of fundamental variables; the
relatively small data sample for crisis event investigation; and the loss of sample
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information from constructing crisis dummy variables which may reduce the power
of the contagion test (Dungey et al. 2005).

The second test identifies contagion as volatility spillovers from one market to
another with an ARCH or GARCH framework. The test examines whether
conditional variances of financial variables are related to each other across asset
classes and/or across countries (Chancharoenchai and Dibooglu 2006; Edwards
1998; Hamao et al. 1990; Tanai and Lin 2013). GARCH models help to tackle the
problem of autoregressive and heteroskedastic dynamics and allow testing for
contagion in the first and second moments of price changes. However, in line with
conditional probability approach, they do not assume any kind of structural break in
the data generating process caused by the crisis. Neither do these testing approaches
control for fundamentals and thus do not distinguish between fundamental-based
contagion and pure contagion.

The most common method for testing contagion is correlation breakdown tests,
in which the correlation coefficients of asset returns are estimated for crisis and non-
crisis periods, and then tested if there is a significant change in correlations across
regimes. This is not only the most straightforward testing for shift-contagion, but
also provides a very important implication for the effectiveness of international
diversification. King and Wadhwani (1990) were the first to apply this approach to
analyse structural changes in cross-market linkages in the US, UK and Japan after
the 1987 stock market crash. They found that the contagion coefficients increased
during and immediately after the crash in response to the rise in volatility, which
implies there is a transmission mechanism which cannot be explained by a fully-
revealing fundamental model. Baig and Goldfajn (1998) also provide evidence
about the significant increase in cross-country correlations of currencies and
sovereign spreads of five East Asian countries during the period from July 1997 to
May 1998 compared to other periods. However, the traditional correlation
breakdown tests are subject to the heteroskedasticity problem, since correlation
coefficients between asset returns are affected by their volatilities, which are
extremely high during crisis (Forbes and Rigobon 2002; Rigobon 2003). Forbes and
Rigobon (2002) therefore introduce an unconditional correlation to tackle this
problem. By analysing the daily stock market returns and short term interest rates of
different industrial economies and EMEs in three financial crisis episodes (the
American stock market crash in 1987, the Mexican crisis in 1994 and the Asian
crisis in 1997), they find that after the correlations are adjusted for increased
volatility, the hypothesis of correlation breakdown is rejected in most of the cases.
This leads to much criticism of many empirical works which test contagion without
adjustment for heteroskedasticity, which may suggest the presence of contagion but
in fact the transmission mechanism was fairly stable in most of the financial crises
in the 1990s. Although cross-market linkages are surprisingly high in many parts of
the world, they are simply a continuation of the strong linkages which existed in the
stable period. Therefore, shocks are mostly transmitted through non-crisis
contingent channels.

Although widely applied in testing contagion, the adjusted correlation has
received some criticism. According to Corsetti et al. (2005), the increase in variance
of the crisis market may be caused by both idiosyncratic components and non-
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observable variables. Without capturing those effects, the measure of adjusted
coefficients is biased. They therefore solve this problem by weighting the increasing
factor for each component of shocks. Their empirical tests provide some evidence
of contagion and some interdependence. However, this study prefers the measure
suggested by Forbes and Rigobon since our support is consistent with
their arguments that if there are common unobservable shocks, they must be
homoscedastic or their contribution to the increasing variance should be negligible,
compared to that of the idiosyncratic shocks. Another caveat in Forbes and
Rigobon’s approach is sample selection bias caused by an a priori identification of
the crisis period and by assuming the non-crisis period as the total sample. This
leads to overlapping data and a small crisis sample size, making the test’s
assumption unrealistic. One more problem is that this methodology is only suitable
for bivariate testing. Therefore, Dungey et al. (2005) propose a multivariate version
of the Forbes and Rigobon test in a regression framework, scaling the asset returns
and correcting for endogeneity bias. This test is equivalent to the Chow test for a
structural break in the regression slope.

The theoretical arguments for financial crises and contagion stress the existence
of multiple equilibria caused by the change in investors’ expectations and hence
their behaviour during a crisis. These changes reveal a very important implication
that the underlying distribution of asset returns should in general be multimodal,
which may lead to discontinuities in the data-generating process. One approach for
testing multiple equilibria is based on the Markov switching (MS) model developed
by Hamilton (1989). The model specifies a number of regimes for relevant financial
variables and estimates the probabilities of switching from one regime to another.
Ismail and Rahman (2009) evaluate the potential of the MS model in their study of
the relationship between US and Asian stock markets and find evidence to support
the pre-eminence of non-linear MS-VAR over linear VAR in modelling asset return
interactions across countries. Within an MS-VAR framework, Guo and Stepanyan
(2011) investigate contagion effects between the stock market, real estate market,
CDS market, and energy market in the US. The MS specifications show the
presence of contagion effects from these markets, characterised by nonlinearity with
two distinct regimes. The regime-dependent impulse response functions reveal that
all financial markets respond more significantly to economic shocks when a highly
volatile regime is dominant. Mandilaras and Bird (2010) study contagion in the
Exchange Rate Mechanism of the European Monetary System. They use MS-VAR
to determine crisis and non-crisis observations and subsequently multivariate
correlation test to detect contagion effects.

Although the MS approach has the drawback that the number of regimes is
arbitrarily fixed, empirical studies that employ the MS model can potentially
overcome several drawbacks from other methodologies in testing contagion. First,
the MS model is able to cope with theoretical arguments in terms of economic
fundamentals associated with multiple equilibria and non-linearity in financial
market interaction. Second, it takes into account several time-series properties of
asset returns, such as non-normality and fat-tailedness, time-varying volatility or
heteroskedasticity. Third, this model does not require an a priori breakdown of the
sample data into crisis and non-crisis periods as the correlation test does; instead,
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crisis periods are endogenously determined. Finally, like the probit model, this
methodology can provide an explicit measure of the probability of a crisis, and
specifically enables us to calculate the probability of a shift between different
regimes, as well as the duration of the shift.

In conclusion, the review of theoretical and empirical literature on financial
contagion provides some important implications:

— As it is challenging to have a clear distinction between fundamental-based (or
spillover effects) and investor-based contagion, and as both these types of
contagion interact with each other to amplify shocks, this study is primarily
interested in testing shift-contagion. This approach helps to avoid direct
measurement of and differentiation between various transmission channels,
while still providing evidence to support or argue against certain theories of
transmission (Forbes and Rigobon 2002).

— The literature on currency crises and investor-based contagion implies the role
of multiple equilibria and non-linearity in international shock propagation.
Moreover, during periods of crisis, financial markets exhibit a common
characteristic of extremely high volatility in asset returns. Integrating these
features in asset pricing and contagion modeling, we hypothesise that there is a
simultaneous rise in asset return volatility in different markets, associated with
the jumps between different volatility regimes and the consequent changes in
cross-market linkages in times of financial turmoil.

— Empirical evidence of financial contagion appears to be very sensitive to the
data sets and testing methods which are subject to a series of problems such as
heteroskedasticity, simultaneous equations, omitted variables, non-linearity,
time series and cross-sectional clustering. We attempt to deal with these
statistical concerns in the empirical methodologies.

3 Empirical methodologies

In order to accommodate the theoretical and empirical implications of financial
contagion, this study employs the two-step econometric procedure suggested by
Mandilaras and Bird (2010). First, the MS-VAR framework is utilised to assess the
potential dynamic behaviour of East Asian financial markets in which asset price
and return volatilities are expected to be subject to regime shifts following financial
shocks in the US and Europe. Second, the analysis of shift-contagion is made by
employing Dungey et al. (2005)’s multivariate version of Forbes and Rigobon
(2002)’s unconditional correlation test to understand whether there are significant
increases in cross-market linkages after an initial shock in one country. This may
help identify the driving forces behind the asset price volatility adjustments, either
from fundamental-based or investor-based contagion.

Specifically, we aim to test the hypothesis of volatility spillovers and financial
contagion as a situation in which:
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1. The asset prices show volatility break synchronization across countries, in
which high volatile regime coincides with the timing of the US subprime-
mortgage crisis and the European debt crisis.

2. The contemporaneous correlations between US, European and East Asian
asset prices increase significantly when these countries switch to a high
volatility regime (crisis regime) from a low volatility one (stable regime).

3.1 Markov-switching vector autoregressions

MS-VAR was introduced by Krolzig (1998), based on the assumption that the
observed time series y, in the VAR system depends upon the unobservable regime
variable s,, which represents the probability of being in a different state of the world.
The MS-VAR model allows for a variety of exogenous regime switches: the
Markov-switching mean (MSM), switching in intercept (MSI), switching in the
autoregressive coefficients (MSA), and Markov-switching heteroskedasticity
(MSH). For empirical applications, it is useful to allow some of the parameters in
the model to be conditioned on the state of the Markov chain, while other
parameters are regime-invariant to avoid complicated estimation. The stylised fact
in international financial markets showed an immediate jump to new levels of asset
prices during the crisis, accompanied by an unprecedented rise in volatility.
Therefore, the heteroskedastic mean switch model is applied in this paper. Denote m
the number of feasible regimes, so that s, € {1,...,m}, the MSMH(m)-VAR(p) can
be expressed as follows:

P
Y — USt = ZAj()’t—j - ,Usf—j) + 2si8 (1)
=

with & ~NID(0, 2(s,))

where v, = (14 ... , Ynr) 1 an n dimensional time series vector of variables which are
financial asset returns of the US, Europe and East Asian countries; p(s;) is the vector
of regime-dependent means; A; are the matrices containing the pth autoregressive
parameters; ¢, is a zero-mean white noise process with a variance—covariance matrix
2(sy).

The unobservable states s, are assumed to be generated by a discrete, irreducible,
and ergodic first-order Markov chain:

) ~1 -1 . .
Pr(s, :J|{sj};:1, {yj}j.:l) = Pr(s; = jls;-1 = i, Fy) = pijs

where the information set F; = {yj };:1; Dij; 1s the generic [i, j] element of the

transition matrix P:

Pu pi2 ... Pim

P21 P2 .- Dm
P = . . .

Pml Pm2 <-o Dmm
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m
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Transition probabilities also contain important information about the expected
duration (D;) the system will stay in a certain regime (j), such that:

E(D;) =) _jPr[D =]
j=1
1
1 *pij

= 1 (1= py) + 2 py(1 = py) +3 x pj(1 = py) + -+ =

We assume two discrete regimes: a non-crisis regime with low volatility (regime
1); and a crisis regime with higher volatility (regime 2). Although the choice of
number of regimes appears to be subjective, it is suitable for the analysis of shift-
contagion and crisis-contingent theories. Accordingly, contagion is defined as a
significant increase in cross-market linkages between normal and crisis periods,
given the support of the observed time series of asset prices that showed the
prevalence of either a stable stage with relatively less volatile movement or a crisis
state with strong adjustments. Moreover, the literature debates several caveats
against particular statistical criteria in determining the number of regimes (Hamilton
2008; Psaradakis and Spagnolo 2003).’

MS-VAR is set up in the analysis framework based on the assumption that the
probability of switching from one state to another is not affected by exogenous
variables (i.e. there is no fundamentals control).* The population parameters of the
MS-VAR models are estimated using direct maximisation of log likelihood
function. The full log likelihood function of the model is given by:

T 2
L =>" S (F(ls: = j, ©)Pr(s, = j)
=1 j=1

which f(y;|s;, =j, @) is the likelihood function for state j conditional on a set of
parameters (O).

The probabilistic inferences about the unobservable states are made using
nonlinear filter and smoother. “Filtered” probabilities are inferences about s,
conditional on the information up to time t, while “smoothed” probabilities use all
the information in the data. All computations were implemented by adapting the
msvarsetup procedures in RATS.

3 Determining number of regimes basing on hypothesis testing is problematic since it fails to satisfy the
usual regularity conditions arising from unidentified parameters (Hamilton 2008). On the other hand, state
selection procedures using complexity-penalised likelihood criteria (AIC, BIC or HCQ) are subject to
poor performance under small sample size and parameter changes, constant autoregressive coefficients
and when the Markov chain is not persistent (Psaradakis and Spagnolo 2003).

4 King and Wadhwani (1990) argue that changes in asset price correlations across markets are driven
primarily by unobservable variables. This is consistent with the concept of shift-contagion as well as
investor-based contagion.
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3.2 Multivariate unconditional correlation tests

If the MS-VAR system displays significant evidence of asset prices’ volatility break
synchronization across countries during the US subprime-mortgage crisis and the
European debt crisis, the analysis is extended to investigate the structural change in
cross-market linkage between different regimes. There is an expectation of
asymmetrical effects in market performances, including sign reversals or differential
speeds of adjustment to the shocks.

Dungey et al. (2005)’s multivariate regression framework of the unconditional
correlation test is applied by estimating the following system of equations:

Yai, Yajt Yyus, YEU,
’—a,+Vldt+ZﬁAj<Jj )‘f'ﬂUs( U;)+ﬁEU( t)

01.Ai = 1,Aj O1,EU
+ZHAj<ijt)dt+9US<yUSt>dt+QEU (Msm)dr_’_wmr )
[ 01.Aj g1,US O1,EU

where y, represents asset prices/returns at time t, a pooled data set by stacking the
non-crisis and crisis observations. The subscripts A, US and EU denote Asian, US
and European countries, respectively. y, is scaled by the non-crisis standard
deviation ¢; as suggested by Forbes and Rigobon (2002) to adjust for volatility
increase.

d, is a dummy variable taking the value of 1 for crisis observations and 0 for non-
crisis observations obtained from MS-VAR regime classification;

w;, are disturbance terms.

f and 6 are the vectors of coefficients of asset returns between two countries,
while 6 captures the additional contribution of information on asset returns in Asian
country i to the non-crisis regression and conveys the ideas of contagion effects. If
there is no change in the relationship, the dummy variables provide no new
additional information during the crisis state, resulting in 6 = 0.

Therefore, the Forbes and Rigobon (2002) correlation test of shift contagion can
be implemented by estimating Eq. 2 with OLS and performing a one-side ¢ test of:
Ho : 9,’1,‘ =0.

When testing shift-contagion for the FOREX series, two variables are added in
the right hand side of Eq. 2 to control for external shocks which triggered the jumps
in East Asian foreign exchange rates. These are: (1) the S&P500 volatility index
(VIX), and (2) TED spreads (TED). VIX is a key measure of a market’s expectation
of short-term (up to 30 days) volatility, and has therefore been considered as the
world’s premier barometer of investor sentiment. TED is widely used as an
indicator to measure liquidity and credit risk, since the interbank rate represents
banks’ perception of the creditworthiness of other financial institutions and the
availability of funds for lending purposes, compared with risk free investment in
government securities. The assumption is that volatility in global financial markets
and liquidity tension trigger massive sell-offs by international investors, causing
capital outflows and depreciation pressure on local currencies. VIX and TED enter
the regression with a lag.
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4 Data and preliminary analysis

Contagion effects are analysed in different financial market segments: equity
markets, foreign exchange markets and sovereign debt markets. The different sets of
asset price variables entered into the models are as follows:

4.1 Equity markets

Composite stock price indices of the sample countries were chosen from the
national leading markets: US: S&P500; Eurozone: Euro Stoxx; Hong Kong: Hang
Seng Index (HSI); Singapore: Straits Times Index (STI); Korea: Korea Composite
Stock Price Index (KOSPI); Malaysia: Kuala Lumpur Composite Index (KLCI);
Philippines: Philippines Stock Exchange Index (PCOMP); Indonesia: Jakarta
Composite Index (JCI) and Thailand: Stock Exchange of Thailand Index (SET).
US-dollar denominated indices are used to facilitate analysis of contagion effects
from global investors’ perspectives and to disentangle the overlapping effects of
currency risks. The indices are simple average weekly data calculated from daily
closing prices for the period from 1st January 2004 to 31st December 2011.

4.2 Foreign exchange markets

Weekly nominal foreign exchange rates of domestic currencies against the US
dollar are used, namely the Singapore dollar (SGD), Thai baht (THB), Malaysian
ringgit (MYR), Philippine peso (PHP), Indonesia rupiah (IDR) and Korean won
(KRW). The Hong Kong dollar is not included as Hong Kong has fixed its currency
to the USD since 1983 and the average return on its exchange rate is close to zero.
The data sample is from 1st January 2005 to 31st December 2011.

The stock prices and foreign exchange rates are converted into returns series
(denoted as SR and FOREX respectively) by taking the logarithms of the indices
ratio between two consecutive sessions multiplied by 100.

4.3 Sovereign debt markets

Weekly data on changes in sovereign CDS spreads (CDS) on 5-year sovereign
bonds for eight selected markets were collected from 1st September 2006 to 30th
September 2010. The US is considered as the originator of the subprime mortgage
crisis and Greece as the originator of the European debt crisis. CDS with maturities
of 5 years are used since they are the most liquid contracts and constitute over 85 %
of the entire CDS market. However, 7-year CDS spreads are used for the US since
the 5-year CDS data are only available from 11th December 2007, and also the level
and movement of the 7-year CDS are almost identical to those of 5-year ones.’

5 According to Wang and Moore (2012), the US 5- and 7-year CDS spreads have nearly perfect
correlations (0.998) over the crisis period from December 2007 to November 2009. Therefore, the
difference in degree of shock transmission of either 5- or 7-year CDS spreads would be very marginal.
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The data are mostly retrieved from Datastream International. Although a higher
frequency of daily data is available, weekly data are chosen in this study since the
daily data contains too much noisy information, which tends to produce less
powerful results. Additionally, weekly price analysis helps avoid non-synchronous
trading time horizons among countries.

Summary statistics of variables reported in Tables 1, 2, and 3 show the
considerable cross-country heterogeneity in market performance during the period
covering the global financial crisis. The mean values of stock return vary
significantly across countries (Table 1). EMEs have higher returns than AEs, and
the highest one corresponds to Indonesia with its mean of 0.394. Euro Stoxx is the
only one with a negative average return, implying that the stock index faced a
downward trend over the period. Standard deviations are higher in Korea and
Indonesia (4.84 and 4.53 respectively), indicating the existence of higher risk in
those countries than the others. In the foreign exchange rates statistics (Table 2),
while most of the East Asian countries’ currencies have overall appreciation trend,
the KRW shows downward pressure over the period, evidenced by a positive mean
value. The KRW also has the highest standard deviations, implying they are more
volatile than the rest in the group. CDS data series of all countries are very highly

Table 1 Descriptive statistics of stock returns series

TL ID PH ML KR SG HK EU us
Mean 0.139 0.394 0.321 0.202 0.209 0.174 0.095 —0.011 0.032
Median 0.449 0.905 0.288 0.317 0.69 0.514 0.331 0.376 0.207
Maximum 17.061 19.358 14.304 11.407  31.309 17.188 15.575 11.734  9.639
Minimum —20.001 —29.974 —17.143 —-9.608 —27.4 —16.899 —15.524 —16.60 —16.451
Std. dev. 3.761 4.539 3.664 2.404 4.84 3.29 3.532 3.656 2.521
Skewness —0.655 —1.148 —0.383 —-0.257 -0.512  —0.369 —-0264 —0.759 —1.139
Kurtosis 7.104 11.038 5.055 4.874 11.988 7.799 6.19 5.79 9.803
Jarque-Bera  323.24 121693  83.79 65.79 1,425.37 410.62 182.09 175.67  896.34
Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Observations 418 418 418 418 418 418 418 418 418

Table 2 Descriptive statistics of return on foreign exchange rates

TL ID PH ML KR SG
Mean —0.057 —0.004 —0.067 —0.049 0.025 —0.063
Median —0.034 0.000 —-0.072 —0.014 —0.053 —0.134
Maximum 3.128 7.087 2.927 3.373 14.182 4.927
Minimum —2.346 —11.006 —3.004 —2.942 —11.113 —-3.182
Std. dev. 0.670 1.385 0.877 0.790 2.025 0.830
Skewness 0.100 -0.777 0.052 0.149 0.603 0.666
Kurtosis 4.930 17.977 3.558 4.394 15.744 7.630
Jarque-Bera 57.43 3,457.76 491 30.99 2,499.00 354.03
Probability 0.00 0.00 0.09 0.00 0.00 0.00
Observations 366 366 366 366 366 366
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Table 3 Descriptive statistics of CDS spreads

TL ID PH ML KR HK Us GR
Mean 0.308 —0.093 —0.148 0.249 0.361 0.183 0.251 3.588
Median —0.060 —1.115 —0.700 0.000 0.200 0.000 0.000 0.300
Maximum 240.00 446.30 382.50 261.70 235.40 40.80 17.59 314.94
Minimum —216.70 —586.70  —319.50  —230.90 —22290 —-32.60 —17.05 —414.45
Std. dev. 26.532 64.834 40.748 27.838 29.712 7.053 4377 52.857
Skewness 0.924 —1.877 1.541 1.229 0.456 0.247 —0.044  —0.505
Kurtosis 53.765 45.768 55.616 60.130 35.529 11.932  8.573 31.317
Jarque-Bera  22,902.28 16,358.40  24,654.53  29,019.79 9,398.16 710.28  275.75  7,125.53
Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Observations 213 213 213 213 213 213 213 213

Table 4 Stationarity ADF test results

Market stock returns Foreign exchange rates CDS spreads

Level 1st diff Level Ist diff Level 1st diff
TL —20.962 —11.319 —16.018 —13.111 —1.716 —17.705
ID —9.798 —17.847 —8.481 —12.175 —1.450 —15.703
PH —21.205 —13.649 —18.452 —13.653 —1.510 —17.550
ML —18.778 —12.784 —17.863 —10.638 —1.356 —16.970
KR —11.026 —11.196 —10.821 —10.372 —1.285 —14.107
SG —9.809 —13.835 —19.285 —11.204
HK —21.274 —14.049 —1.452 —12.803
UsS —21.241 —13.757 —2.857 —15.348
EU —21.872 —11.143 —0.028 —15.701

Test critical values: 10 %: —2.57; 5 %: —2.87; 1 %: —3.46

The choice of lag length is based on the Schwarz information criterion

volatile (Table 3). Greece experienced the highest average change in CDS spreads,
which is consistent with the sovereign debt crisis in this country from 2009. The
high level of kurtosis evidences the existence of large shocks (of either sign) in all
markets. The low probability of the Jaque—Bera statistics in all cases rejects the
normality of the data at any level of statistical significance and the presence of non-
linearities. These features justify our choice of MS-VAR models and multivariate
unconditional correlation tests to capture the role of volatility shocks and non-
linearity interactions, as well as the time series and cross-sectional clustering that is
commonly found in the literature.

Prior to proceeding with the model estimations, the stationarity in time series
data are checked with the Augmented Dickey-Fuller (ADF) test at level and first
difference. The unit root test results in Table 4 suggest that the null hypothesis of a
unit root in SR and FOREX is rejected in both the level and first difference.
However, the CDS series are non-stationary on their levels, while they are stationary
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on their first differences. Therefore, the log differenced series of CDS are used in the
estimation of the MS-VAR model.

5 Empirical results

5.1 Structural break in volatility and volatility spillovers with MS-VAR
estimations

This section explores the nonlinear interactions between East Asian financial
markets and those of the US and Europe by assuming that all the series are regime-
dependent. Tables 5, 6 and 7 show the estimated parameters of MSMH(2)-VAR(p)
for different financial market segments, which include the switching means p, it,;
switching variances o3, o3; the probability of state in each regime pi1, pa; and the
expected duration Dy ,D;,. The autoregressive parameters (up to lag 1) are also
reported to show the dynamic relationship between variables. The AIC is used to
select the optimal lag length in the models, which suggests one lag for SR and
CDS, and three lags for FOREX series. In all cases, the statistical results indicate
that the data sets fit the model specifications. The LR-test statistics show that the
hypotheses of linear specification are rejected at a significant level of 1 %, which
supports the hypothesis of the regime-switching behaviour in variables. This may
also imply the better fit of the MS model compared with the existing linear
models, which have been widely used to study the relationships and linkages
between financial markets.

5.1.1 Equity markets

Volatility breaks are one of the defining characteristics of the stock markets in every
country. The models significantly differentiate two trends in SR series: (1) state 1,
with positive means and low variances, corresponding to a stable regime; and (2)
state 2, with negative means and high variances, representing a crisis regime. The
jump in mean is also associated with the switch in variances, marked with especially
high o3 (around 2-8 times higher than o?), varying across countries. Korea
experienced the highest volatility during the crisis, as well as the highest variation in
volatility between the two regimes, even higher than the crisis-trigger. This result
may be explained by the stylised fact that Korea had accumulated a very large
portfolio flow before the crisis, making this country highly susceptible to changes in
global market sentiments and the consequent deleveraging effects. The jump in
means and variance is also quite drastic in Hong Kong and Singapore, as these two
developed markets have a high proportion of foreign factors and tend to have
stronger integration with AEs in North America and Europe. On the contrary, the
degree of international integration is weaker for EMEs (Thailand, Indonesia,
Philippines and Malaysia). This is consistent with the financial literature which
suggest that the higher the globalisation of an economy, the greater the incidence of
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Smooth Probabilities of Crisis Regime
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Fig. 1 Smooth probabilities of crisis regime for stock returns

volatility transmission as a result of the information generating process (Aragé-
Manzana and Fernandez-Izquierdo 2007).

The transition matrix evidence that both regimes are quite stable and the
probability of staying in regime 2 is lower than in regime 1, which means that crisis
regime is less persistent. The expected duration of crisis regime is 6 weeks,
compared to 25 weeks for the series to stay in non-crisis regime. The results also
show strong lead-lag interactions between East Asia and the US. All East Asian
stock market returns are significantly affected by the previous one week return in the
US market, but there is less significant evidence of interactions with European
markets.

The graph of smoothed regime probabilities (Fig. 1) captures the stages of the
global financial crisis 2007-2011 appropriately. The shifts occurred at three
important points of time. One happened in late 2007, around the event of the
suspension of the three funds of BNP Paribas in August 2007. The major shift,
which appears to be the most persistent one, followed the collapse of Lehman
Brothers in September 2008. The third one occurred in mid-2011, at the height of
the European debt crisis. This may suggest integration between international stock
markets and rapid transmission of information, which cause structural changes in
prices in many markets simultaneously. It seems that an adverse shock in the US
might have destabilising impacts on the stock markets of many Asian economies via
a deleveraging process.

5.1.2 Foreign exchange markets

The returns in exchange rates are also associated with regime switches. Stable
regime is characterised by negative means and low variances, implying a slight
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appreciation of the domestic currency against the US dollar. The switch to crisis
regime is associated with positive average returns accompanied by a higher level of
volatility, suggesting mounting pressures on the foreign exchange rates. Capital
flows out of the region as a consequence of massive sell-offs by international
investors, and the continued reversal of the carry trade, may explain the sharp
depreciation of local currencies across countries, although to a different extent.
Currency volatility shocks appear to be more serious in Korea, as the shift in the
KRW is the most drastic, marked by the highest difference in mean and an
especially high variance in regime 2, as well as the largest spread between 3 and
G% (more than 14 times). Indonesia is also a country with high variation in volatility
between the two regimes (more than 10 times). There is a persistence to stay in
regimes rather than to switch, since p;; and p,; are all high (more than 0.8) and
significant at the level of 1 %.

The expected duration in the stable regime is around 20 weeks and in the crisis
regime around 5 weeks. As the parameters of the FOREX series appear to be
consistent with those of the SR series, this may indicate the interrelation between
the stock and foreign exchange markets. There may be volatility spillovers between
these two market segments. This is consistent with the findings of Maghrebi et al.
(2006), who provide evidence for the dynamic relationship between stock market
volatility and foreign exchange fluctuation in Asia Pacific countries. The estimated
results in Table 6 also confirm the lead-lag interaction of Asian local currencies. In
particular, the strength of the SGD has some predictive power on other currencies in
the region, as its lagged coefficients with the others are all positive and significant at
a level of 1 %.

Smooth Probabilities of Crisis Regime
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Fig. 2 Smooth probabilities of crisis regime for foreign exchange rates
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The regime smooth probabilities in Fig. 2 capture well the period of global
financial market turbulence. The most obvious shift occurs at the depth of the US
subprime crisis in late 2008. There is also a jump in late 2005, which have been
caused by local shock, but it is not particularly persistent. However, compared to
stock markets, foreign exchange rates appear to be more stable after the first half of
2009. The reason is that immediately after the Lehman affair, authorities in Asian
countries made time-line intervention to stabilise foreign exchange markets, such as
use of official reserves, arranging stand-by loans from the World Bank and ADB,
introducing foreign exchange swap facilities and lowering reserve requirements in
foreign currency deposits (Filardo et al. 2010).

5.1.3 Credit derivative markets

CDS series also experienced volatility breaks, while the structural change in mean is
not always significant at conventional levels. The variances in regime 2 are
significantly higher than those of regime 1 in all countries. There is a remarkable
variation in variances between the two regimes in the crisis generator (the US),
where o3 is 82 times higher than ¢2. The variations are around 8-10 times in
emerging Asia, but they are quite limited in Hong Kong (around 1.5 times). As a net
creditor economy supported by strong fundamentals, Hong Kong has been highly
rated and suffered moderate increases in sovereign CDS spreads. On the other hand,
emerging East Asian countries have net debtor economies, which have been
evaluated as being more risky and therefore saw an unprecedented surge in CDS
spreads in the aftermath of the bankruptcy of Lehman Brothers. The model

Smooth Probabilities of Crisis Regime
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Fig. 3 Smooth probabilities of crisis regimes for CDS
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estimation delivers 88.5 % for p;; and 32.8 % for p,,, implying that there is a
higher probability for regime 2 to switch to regime 1 than to stay in that regime. On
average, the market spends 8.5 successive weeks in the stable regime, while time in
the crisis regime would end after about 1.5 weeks (Fig. 3).

The smooth probabilities also confirm that during the period from September
2007 to the end of 2008, the high volatility regime rose steeply; therefore, it was not
particularly persistent. Weeks with positive means and high volatilities cluster with
weeks with negative means and low volatilities. The high volatility regime returns
in mid-2010, which coincides with the debt crisis in Greece. However, it occurs
over a very short period of time and then rapidly switches to a stable regime. The
estimated autoregressive parameters show no significant evidence of lead-lag
interactions between CDS markets in East Asia and those of the US and Greece.

5.2 Testing for “shift-contagion” effects

Although the volatility regime switching analysis with MS-VAR provides insight
into the impact and volatility spillovers from the US subprime credit crisis to East
Asian financial markets, it does not persuasively indicate the presence of a shift-
contagion effect. The reason behind these abnormally high variance episodes may
be the continuality of financial interdependence which existed in the tranquil period
or the common shock that simultaneously leads to deterioration in the fundamentals
in several economies. Therefore, in order to justify the contagion effects, the
extended multivariate version of unconditional correlation tests is applied by
estimating the system of Eq. 2 as seemingly unrelated regression while controlling
for heteroscedasticity and contemporaneous correlations. Tables 8, 9 and 10 show
the estimated parameters for coefficient vectors 6 which capture contagion effects.
They all indicate that there is no robust evidence of “shift contagion” from the US
and Europe to East Asian countries. Instead, East Asian asset return volatility
regimes during the US subprime mortgage crisis and the European debt crisis are
more likely to be caused by normal interdependence, common shock and/or
country-specific risk factors.

Three exceptional cases are observed in stock return estimations in Thailand,
Korea and Malaysia. The simultaneous correlations between S&P500 and SET;
Euro Stoxx and KLCI; and Euro Stoxx and KOSPI increased significantly in the
high volatility regime, which justifies the shift-contagion from the US to Thailand
and from European to Malaysian and Korean equity markets. The outcome of
“shift-contagion” in Thailand following volatility shock in the US lends support to
Mullainathan (2002), who explains that investors may imperfectly recall past
events. A negative shock triggers investors’ memories, inducing them to assign a
higher probability of a bad state for countries which have experienced financial
crisis before, even if their current fundamentals are not correlated with the crisis-
originator. Korea is consistent with the analysis in MS-VAR, which shows a drastic
jump in the country’s asset return volatilities. Due to the large proportion of foreign
factors in the domestic market, Korea appears to be very sensitive to global
investors’ sentiments, as it experienced a structural shift in its interdependence with
the US, EU and Thailand. However, it is surprising to find that unconditional
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correlations between Thailand and the EU, Philippines and the US and Korea and
the US decline significantly when they all enter a high-volatility period. This may
explain why cross-country portfolio diversification strategies are still attractive.

Although the empirical results have not provided convincing support of structural
changes in transmission mechanisms between AEs in the US and Europe and East
Asia, there is some evidence to confirm that regional stock market integration
intensifies during crisis periods. Table 8 shows that the unconditional correlations in
contemporaneous stock returns between Malaysia and Thailand, and Hong Kong
and Indonesia, are significantly strengthened in a highly volatile regime compared
to a normal one. Thai volatility shock is also contagious to Korea, while pressure on
the Philippine stock market may trigger a significant downward trend in stock
returns in Indonesia and Malaysia. The results also suggest that Hong Kong tends to
export its volatility shock to Singapore, while it may suffer some contagion effects
from Indonesia via transmission channels that did not exist during the tranquil
period.

In foreign exchange markets, the estimated parameters demonstrate comprehensive
evidence of strong regional transmission effects. This suggests distinctive features of
local currency integration and competitive adjustments in exchange rates. Table 9
shows the overall improvement in correlation coefficients in the crisis regime between
many pairs of local currencies. For example, THB and MYR appear to have a causal
relationship with each other. MYR also has a significant influence on SGD, whereas
the depreciation of the PHP may have triggered the depreciation of KRW. The IDR
significantly strengthens its correlation with the THB when the market encounters
volatility shock. Central bank interventions may play an important role in the
collective behaviours in regional exchange rate networks (Feng et al. 2010).

Regarding CDS markets, there is no shift-contagion from the rising sovereign
risks of the US to East Asian economies. In other words, international transmission
mechanisms remain unchanged and volatility spillovers via the CDS market are just
a reaction to common shock. However, shift-contagion occurred in Indonesia,
Malaysia and Hong Kong following the sovereign debt crisis in Europe, as their
contemporaneous correlations with Greece significantly intensified in the high
volatility regime. Shift-contagion also appears in the cluster of countries with
similar fundamentals. For example, the correlations between Indonesia and
Thailand, Indonesia and Korea, and Philippines and Malaysia improve significantly
following the volatility shock. Philippines and Korea also show the evolution of
integration with Malaysia during the crisis. This may reflect that markets have the
same assessment of country credit risk in the region and external shocks seem to
have strengthened the correlation structures between markets.

6 Conclusions
This study empirically investigates financial contagion via asset prices during the
2007-2011 global financial crisis. It focuses on the US and Europe as the source

countries (US as the subprime crisis originator and Europe as the epicenter of the
sovereign debt crisis) which exported their financial volatility to East Asia. Using
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the MS-VAR model and multivariate unconditional correlation test, this study not
only addresses the theoretical assumptions about multiple equilibria and nonlinear
linkages, but also handles the problems of heteroskedasticity, endogeneity,
simultaneous equation and sample selection bias. The empirical results within the
MS-VAR framework evidence the structural changes in volatility across different
regimes in all variable series and confirm that the increase in financial market
volatility coincided with the global financial crisis of 2007-2011. Despite the strong
fundamentals and more resilient financial systems that have been built up since the
1997 financial crisis, East Asia is still very vulnerable to external shock. However,
there is cross-country heterogeneity in the nature and severity of the spillovers to
East Asia financial markets.

The estimated parameters from unconditional correlation multivariate testing
explain that international volatility spillovers are more likely to be caused by
real linkages or interdependence rather than shift contagion. This means that
transmission mechanisms remain unchanged and the observed increased
co-movement of asset returns after major market corrections arises due to the
change in covariate structure. However, there is some evidence of a significant
increase in cross-market linkages in some pairs of East Asian countries after
volatility shock elsewhere. In some cases, asset return correlations between markets
even decrease significantly during the crisis regime, which implies that international
portfolio diversification still benefits international investors, but that they need to
take a different kind of risk into account for their portfolio choices after negative
shocks.

In general, fundamental-based contagion is more common than investor-based
contagion (or shift-contagion) which may imply that the most important strategy to
mitigate the contagion effect is to strengthen domestic economies. Countries should
ensure that both their fundamentals are sound and are widely perceived to be sound
by global investors.
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