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Abstract

We analyze the stability of domestic financial linkages betwgeriods of calm and
turbulent market conditions. Our model develops a simultaneous teshifbf
contagion and bi-directional pure contagion, which is applied to tugtyeand
currency markets of a group of East Asian emerging econof@igstesults show a
great deal of instability in these markets with widespredadeace of pure contagion
in both directions. There is less evidence of shift contagiom thé transmission of
common shocks unchanged between regimes for the majority of iesuntr
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1. Introduction

The financial system has been rocked by a number of sevbtaetuir periods
over the past two decades. In particular, emerging financaakeats have been
severely affected. These tumultuous episodes have been tehaeac by large
negative asset returns and high volatility and their repemnsshave caused
problems for the investment community and policymakers alikgh&rmore, these
shocks appear to have spread across both national borders and di§eetrdlasses.
When the spread of shocks occurs in a manner that could not revetticipated
from existing pre-crisis linkages, this is often labelsdcantagion’.

Ever since the 1987 stock market crash in the US, a volumiiteregure has
developed on the identification and causes of financial marketagiont The
majority of studies have tended to concentrate on a single emdnstady the
transmission of shocks from the source market to the saset esss in other
international markets. For example, studies such as Forbes gotioRi (2002),
Caporale, Cipollini and Spagnolo (2005), Chiang, Jeon and Li (2007) awid &fed
Panopoulou (2007, 2008) have focused on equity markets; while bond markets are
analyzed in Favero and Giavazzi (2002) and Dungey, Fry, Gonzalezeldillo and
Martin (henceforth DFGM) (2006); with currency markets recghe attention of
Cerra and Saxena (2002) and Dungey, Fry and Martin (2004). Moeatlsgeca
number of studies have sought to examine channels of contagion betweeendiff
asset classes across geographical borders. Hartmann, Staeimlade Vries (2004)
focus on the stock and bond markets of the G5 countries, while DundeMartin.
(2007) and DFGM (2008) analyze East Asian and Latin American isarke
respectively. Ito and Hashimoto (2005) investigate the intersctbetween currency
and equity markets in East Asian markets.

However, less attention has been afforded to contagious efiettgeen
different asset types within the same country. This is an i@ouestion as
policymakers seek to understand the source and evolution of adverdes.shoc
Likewise, portfolio managers who are exposed to foreign asgetviliswant to be
familiar with the stability of asset linkages during vagymarket conditions. If asset
returns exhibit increased comovement during a crisis, themittisompound losses
on a country-specific portfolio, whereas markets moving in the dppdsection
would provide a hedge against losses in one market. We foddsrdifying channels

of contagion between currency and equity markets in East Asian tsatiygng



periods of high-volatility. In particular, we test for both shaftid pure contagion
within a unified framework. Shift contagion is defined as a changge normal
relationship between pairs of markets during a crisis. Norewadls of market
interdependence are often attributed to linkages such as fihtimais or exposure to
common shocks. Shift contagion implies that the diffusion of common shocks
changes between low- and high-volatility regimes; therebyimguhe ‘normal’
relationship between market pairs to become unstable during epiebdmancial
turmoil. On the other hand, pure contagion is suffered during a pasisd when a
shock that is normally idiosyncratic spills over to another matkecoming an
additional common factor). The transmission of these idiosyncsidcks occurs
through channels that are not identifiable during normal market comsfitthe main
innovation of this paper is that we build an empirical model tiiatva us to
simultaneously capture shift and bi-directional pure contagidecounting for these
bi-directional effects is very important as it allows udully assess the extent and
impact of market interactions. The correct identificatminthe type of contagion
operating between markets and the stability of market linkegggal to prescribe
appropriate policy.

There is strong theoretical and empirical evidence to sudigaisequity and
foreign exchange markets are interlinked. Pavlova and Rigobon (2@@€éJop a
theoretical model of stock, bond and exchange rate co-movemdris the sign of
the correlation between stock prices and the exchange raadseppon the relative
importance of supply and demand shocks in the economy. Pan, Fok arDQn) (
find significant evidence of causal relationships betweerksiod currency markets,
though the direction of causality differs across the sampled caintrikewise,
Granger, Huang and Yang (2000) provide evidence of feedback dféeatsen many
East Asian stock and FX markets. While, these studies previdence of dynamic
linkages between markets, our focus is on the transmission ofngmoriEneous
shocks between market pairs.

Our results show strong evidence of bi-directional pure contagiomebet
equity and currency markets. In particular, shocks that are ngrepcific to the

foreign exchange market tend to be transmitted to the equity triarkal countries.

! There is great debate in the literature on thénifiein of contagion and for an overview the reaiger
referred to Pericoli and Sbracia (2003).

2 Dungey, Milunovich and Throp (2008) capture biediional pure contagious effects between Asian
equity markets after controlling for common extéstzocks.



Similarly, high-volatility equity-specific shocks generatentagious effects in the
currency market of all countries except Taiwan. On the othed,hthere is less
evidence of shift contagion. Only Korea and the Philippines exhibitstatystical
evidence of instability in the transmission of common shocks betwakn and
turbulent market conditions. An analysis of the conditional varisieavs that
common shocks play a greater role in equity markets than in cyrmnearkets. Pure
contagion is present in all markets but its overall contribuiorisk varies across
countries.

The paper is organized as follows. Section 2 presents our emhpiradel.
Section 3 describes the data and discusses the filters applied @sset returns.
Section 4 reports our empirical findings for the contagion testde wur concluding

remarks are contained in section 5.

2. Empirical model and econometric methodology

We extend the methodology of Gravelle, Kichian and Morley (2006) and
Flavin and Panopoulou (2008) to test for both shift and bi-directional patagion
within a unified framework. Gravelle, Kichian and Morley (2006) deyve test for
shift contagion. Flavin and Panopoulou (2008) extend the model to capture the
potential effects of pure contagion. The key enhancement of our nsot®t we
allow for bi-directional pure contagion. In many studies of contagt is possible to
identify one particular market as the source of the shock and dserfor pure
contagious effects from this to other markets e.g. in studidsast Asian equity
markets, Hong Kong is often identified as the source (see $-arizeRigobon, 2002;
Chiang, Jeon and Li 2007; Flavin and Panopoulou, (2008); amongst others).
However, there is little theoretical or consistent empiraatlence to guide us as to
the direction of contagion between stock and foreign exchange marketgfore it
is ultimately an empirical question.

This framework is ideally suited to capturing the different ncieds of
contagion and represents a move away from the more traditionalation-based
tests that have been criticized in the literature (eeg. Billio and Pelizzon, 2003;
Pesaran and Pick, 2007). The model is bivariate in natureedmagis to the family of
factor models widely used in financial economics. The factodehis attractive in
that we avoid the debate as to what the ‘fundamentals’ shouehdét overcomes

problems associated with measuring contagion through changes tdatamre



coefficients in the presence of unobservable shocks (see Rigobon, ZloSImodel

can be summarized as follows. Lret andr,, , represent equity market and currency

returns respectively. Returns can be decomposed into an expegte@&nd an
unexpected component;; , reflecting the arrival of news to financial markets, i

e =4 +u, E(u,)=0i=EFXandE(ug,U. ) #0. (1)

1
The forecast errors are allowed to be contempoumsteaorrelated, implying that
common structural shocks may potentially be driviboth returns. We decompose the
forecast errors of each asset return into an idiosgic and a common shock. Let

z, andz,,i = E,FX denote the common and idiosyncratic shocks reispdctand

let their impacts on asset returns &g ando, ,i = E,FX . Then the forecast errors
are written as:

u, =042, +0,z,,i = EFX. (2)

cit
Furthermore, the shock variances are normalizedntty, which means the impact
coefficients may be interpreted as their standaxdadions.

All unobservable shocks are heteroskedastic, whigrcomes a shortcoming
of some previous work, (e.g. Forbes and Rigobor2P0where it is implicitly
assumed that any omitted common shocks have aatwngariance. Following
Gravelle, Kichian and Morley (2006) we allow bofte tcommon and the idiosyncratic
shocks to switch between two states — high- anavioatility. The heteroskedasticity
of the structural shocks ensures the identificabbrihe system (see also Rigobon,
2003a). As shown by Gravelle, Kichian and Morlepd®@), the regime switching
behavior of the common shock is sufficient to idfgrthe parameters associated with
shift contagion, while the additional parametetsoiduced by the introduction of pure
contagion are identified through the regime-switghbehavior of the idiosyncratic
shocks. With this structure, each asset returmuawve between four distinct regimes.
The structural impact coefficients, o0, ,i = E,FX are given by the following:

o,=0,(1-S,)+0"S,,i=E,FX @)
o, =0,0-S,)+0.S,,i=EFX

where S, = (0,)),i =E,FX,c are state variables that take the value of zero i

normal and unity in turbulent times. Variables wéh asterisk belong to the high-
volatility regime. To complete the model, we needpecify the evolution of regimes

over time. Following the regime-switching literagurthe regime paths are Markov



switching and are endogenously determined. Spadtifidthe conditional probabilities
of remaining in the same state, i.e. not changaggme are defined as follows:
PiS, =0|S, =0]=q,.i =E FX,c @)
PIS, =1|S, =1] = p,,i =E,FX,c
Furthermore, we relax the assumption of expectetstant returns in (1).
These are allowed to be time varying and depentherstate of the common shock.
In this respect, our model suggests that part ef dbhset return represents a risk
premium that changes with the level of volatifitin particular, expected returns are

modeled as follows:

Uy = L-S,)+u’S,, i =E,FX (5)
Given that idiosyncratic shocks are uncorrelateth wommon shocks and mainly
associated with diversifiable risk, expected retuane not allowed to vary with the
volatility state of these shocks.

To extend the framework beyond a test of shiftagion, we include channels
through which the idiosyncratic shock of one markedy potentially exert an
influence on the other market during turbulent pési over and above that captured
by the common shock. This captures pure contadiia® modeled by augmenting the
return equation of marketwith the idiosyncratic shock of markei # j) during the
crisis period (see DFGM, 2006 for a similar applo&ccapturing pure contagion).

To illustrate the channels through which contagway be transmitted, we
present a simplified example. Though, the entirelehts estimated in a single step, it
implies different features of the model in eachtlod eight possible regimes. For
example, if we take the extreme states, the ctenatits of the model during tranquil
periods (all shocks in the low-volatility states¢ given as follows:

Moy = Mg T OeZy Y027

Fext = Hex ¥ Ocex Za + Opx Zeyg ©
The two idiosyncratic shocks are assumed to bepenident, so co-movements in
returns are solely determined by the common shéagtdr). Thus, the variance-

covariance matrix of returns is given by:

% Gravelle, Kichian and Morley2006) and Flavin and Panopoulou (2007, 2008) aédax this
assumption when modeling the interdependence al bad equity returns respectively.



Z - |:0-I§ + a(:ZE acEacFX :|
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GCEUCFX aéx + a(:ZFX
On the other hand, during crisis periods (all slsoickhigh-volatility states),
the corresponding return generating process dpenigds of turbulence is given by
rE,t = ﬂ; + a::E Zc’( + U; ZEt + 5E0-|*:X ZFXt (7)

rFX )t = /’[FX + UCFX th + UFX ZFXt + 5FX GE ZEt

The variance covariance matrix of returns is:

*2 *2 2 *2 * * *2 *2

s = O t0¢ +5EJF>< O 0 e +5FXJE +5EUFX
8~ x o w *2 *2 *2 *2 2 2
00 e +5FXJE +5EJF>< Ogx T 0y +5F><UE

Comparing equations (6) and (7), the additionahter the return generating
process of market (5iaj*z,-) detects and measures the importance of pure dgontag
during episodes of high-volatility in the idiosyatic shock of markgt

An extra assumption of normality of the structusllocks enables us to
estimate the model, given by equations (1)-(7), meximum likelihood employing
the methodology for Markov-switching models develdpn Hamilton (1989).

2.1 Testing for shift contagion.

Our rationale behind testing for shift contagimslon the assumption,
that in its absence, a large unexpected shockatietts both countries does not
change their interdependence. In other words, bsemwed increase in the variance
and correlation of returns during crisis perioddug to increased impulses stemming
from the common shocks and not from changes inptiopagation mechanism of
shocks. Our test for shift contagion is based tikedihood ratio test, where the null

and alternative hypotheses are specified as follows

O O
o o o o
—&- =—% versuH, : —E 7z % (8)
JCFX JCFX cFX UCFX

H, :

The null hypothesis postulates that in the absesicshift contagion, the impact
coefficients in both calm and crisis periods shoutdve proportionately. This

likelihood ratio test is the common test for tegtnestrictions among nested models

and follows axzdistribution with one degree of freedom correspogdio the

restriction of equality of the ratio of coefficisnbetween the two regimes.

2.2. Testing for pure contagion.



When the idiosyncratic shock of markegnters the high-volatility regime, it
potentially exerts an influence in marlkethereby giving rise to pure contagion. This
channel of transmission is only active during pasiof high idiosyncratic volatility.
Our test for pure contagiofrom marketj to marketi is a simple t-test on the
coefficient 3;, where under the null; =0 and there is no pure contagion. We also
conduct a likelihood ratio test that both chanrais jointly inactive to assess the

importance of bi-directional effects.

3. Data and Filters
3.1. Data

Our analysis is conducted on the equity and for@gchange markets of a
group of East Asian emerging markets. In particuls focus on Korea, Indonesia,
the Philippines, Singapore, Taiwan and ThailandesEhcountries are chosen as they
have a sufficient time series of floating excharagtes to undertake the analy8isAs
our test of shift contagion involves measuring teaction of markets to a common
shock, we require that the full reaction can besuezd and not offset by government
intervention. Therefore including ‘non-floating’ @xange rates would bias our results
towards finding shift contagion. We work with wegketurns for both markets with
currency returns computed as the log change irU®ealollar exchange rate, where
the exchange rate is expressed in terms of USrdgtlar 1 unit of local currency.
Likewise, equity returns are computed as the lagngk in the value of the domestic
stock market index. These indices are value-wethhtel expressed in local currency.
They were obtained from Datastream Internationéh the Datastream codes having
the following structure: TOTMKXX, where XX repredsrthe country code, i.e. KO
(Korea), ID (Indonesia), PH (Philippines), SG (Sipgre), TA (Taiwan) and TH
(Thailand). We omit the data for the period priorJuly 1997, because most of the
East Asian countries adopted fixed or strict exglearate regimes until the onset of
the crisis.Therefore we have over ten years of data, yiel8i@g data points for each

series. Asset returns for the sample period, 4 1997-22 February 2008, are plotted

* We had to preclude Malaysia and Hong Kong fromathelysis, because Hong Kong adopted a
currency board system and Malaysia pegged itsmeyri US dollar throughout most of the available
sample.



in Figure 1. Clearly, both equity and foreign exufa returns have been highly
volatile with a larger spread of returns being eigreced in equity markets.
[FIGURE 1 ABOUT HERE]

Table 1 presents some summary statistics. Panafsd/B relate to equity and
currency markets respectively, while panel C costadetails of the dynamic
correlations between markets in each country.

[TABLE 1 ABOUT HERE]

Mean equity returns are larger than foreign ergeareturns for all markets.
However, they are also more risky. Equity retumigh the exception of Taiwan, are
positive over the sample, with Korea recording tiighest mean return of 0.214%.
However, it is noteworthy that in many instancé® median return is far from the
mean, implying that the overall distribution of ugts is non-normal. With the
exception of Singapore, average currency returesnagative, indicating that the
value of the domestic currency has fallen agaimstdollar over the sample period.
Both asset returns exhibit significant skewnesslamtbsis, with the Jarque Bera test
decisively rejecting normality for all series. Forost currencies, there is huge
negative skewness present in the distribution nfrns, indicating the presence of a
number of extreme observations in the data.

3.2. Data Filters

Both Granger, Huang and Yang (2000) and Pan, Rdk.ai (2007) document
significant autocorrelation and cross-correlatiorquity and currency markets. Panel
C of Table 1 confirms the presence of cross-caiogiaffects in our data also. As we
wish to focus on the transmission of contemporasatwcks, we pre-filter the data to
remove any dynamic linkages. This is achieved liynesing a bi-variate VAR model
on the equity and currency returns of each couniitye order of the VAR is
determined using a range of information crit@r&.constant term is included so that
all residual series have a zero mean. The residialse VAR are employed as our
dependent variables in the application of the regawitching methodology outlined
above. Panel D of Table 1 shows that the correlataf the VAR residuals match
those of the raw data very closely. In general, dbeelation coefficients are quite
low, suggesting the prevalence of important agsetiic effects.

® We do not include the VAR analysis here but alhile are available from the authors upon request.



4. Results

Firstly, we check the reliability of our estimateg performing a number of
diagnostic tests and results are reported in Table

[TABLE 2 ABOUT HERE]

Specifically, we test for the presence of seriataation, ARCH effects and
the Normality of the standardized residuals of d@lsset pairs examined. Columns 2
and 3 report the LM test for serial correlationr B majority of country asset pairs,
we fail to reject the null of serial independentéah one and four lags. Likewise we
find little evidence of ARCH effects (see columnanrtl 5). To test for Normality, we
use the Cramer-von Mises test which is based oroteeall approximation of the
empirical distributions of standardized residualghe Normal. Our results, reported
in Column 6, suggest that most of the asset relsdua normally distributed. Hence,
we argue that our regime-switching model adequatelytures the distribution of
asset returns as the standardized residuals areetelved.

Furthermore, the regime qualification performantew model is assessed by
the Regime Classification Measuf@CM) statistic developed by Ang and Bekaert
(2002). According to this measure, a good regimigetimg model should classify

regimes sharply, i.e. the smoothed (ex-post) regomababilities, p, are close to

either one or zero. For a model with two regimes,RCM is given by:
1 I

RCM=400*?§pt(1—pt),
where the constant serves to normalize the statistibe between 0 and 100. The
lower the RCM statistic, the better is the perfonc&of the model. A perfect model
will have a RCM close to zero; while in contrastmadel that poorly distinguishes
between regimes will produce a statistic close@0. Columns 7-9 of Table 2 report
the RCMs for both idiosyncratic shocks and the camwolatility shock respectively.
In general, the regimes are well-defined. Withdkeeption of Singapore and Taiwan,
the common shock regimes are sharply distinguishigd statistics less than 30.
Likewise the regimes of the asset-specific shocies sharply defined with the
majority having RCM statistics less than 50. Shoaksociated with the currency
markets tend to be better captured than their eopatts in the equity markets.



4.1. Estimates

Initially, we focus on the expected component dumes, with estimates
presented in Table 3. Specifically, columns 2 andport the expected mean returns
during the low-volatility regime with the corresmbng figures for turbulent periods
reported in columns 4 and 5.

[TABLE 3 ABOUT HERE]

This Table presents us with a number of strikingtdees. Firstly, the low
volatility regime is characterized by positive meaquity and foreign exchange
returns in virtually all cases, with many beingtistically significant at conventional
levels. High volatility regimes are associated witver equity returns in all cases. In
fact, these are always negative, though admittediny of these are not statistically
different from zero. For currency returns, this tpat, while present in some
countries, is not as clear. Secondly, we testHerdquality of expected asset mean
returns between regimes. We perform a likelihodtb reest but results vary across
countries. The hypothesis of equal means is rajeftie Singapore, the Philippines
and Thailand but not for the remaining countri€ansequently, we conduct the
analysis with and without the restriction of eqegbected returns across regimes. The
results do not differ qualitatively, so we repoesults in the subsequent analysis

where expected returns are allowed to be regimertignt

4.2. Testsfor shift contagion

We begin with an analysis of ‘shift’ contagion. particular, we focus on the
stability of the transmission of common shocks et low- and high-volatility
regimes. Given that asset pairs belong to the sametry, this shock can be thought
of as being a ‘country’ shock — at least in thessethat it picks up unanticipated
domestic occurrences as well as a common exposigiehal events. First, we focus
on the prevalence of the high-volatility regime tbis ‘country’ shock and Figure 2
presents the filtered probabilities of this stadab realized.

[FIGURE 2 ABOUT HERE]

For Indonesia, Korea, the Philippines and Thaildhdre are pronounced and

persistent periods of high-volatility in the comm&mock. These are predominantly in

the early part of our sample which coincides wit@ Asian crisis of 1997-98 and the

® Guidolin and Timmermann (2005) for UK assets alaiR and Panopoulou (2007) for G-7 equity
markets reject the hypothesis of equal means aceggses.

10



subsequent turmoil on global markets associateld fuither crises in Russian bond
markets, the near-collapse of the LTCM hedge fuhd,Brazilian and Argentinean
bond market shocks and the ‘Dot com’ crisis of dagly 2000s. For all of these
countries, the common shock undergoes a periooMo¥/blatility from approximately
2002 onwards, with some evidence of higher votgtieturning towards the sample
end — probably a reaction to the global creditienghose affects have sent ripples
throughout global financial markets. On the othemdy the common shocks
experienced in Singapore and Taiwan exhibit ligggsistence in the high-volatility
regime. This may be due to the fact that theirifpreexchange rates were not fixed
against the dollar prior to the Asian crisis anddeedid not experience such a large
drop as their currencies were unlikely to be as-eatued as those of neighboring
countries. Consequently, the country shock mayhaste resulted in such a huge
change in their dollar exchange rates as thosersdffby Indonesia and Korea.
[TABLE 4 ABOUT HERE]

Table 4 presents a more detailed description ofbteavior of the country
shock. The statistics ‘Frequency’ and ‘Duratiorpod the prevalence and persistence
of the high-volatility regime. Frequency measurks proportion of time that the
common shock is in this state, while duration & lédngth of time (in years) for which
a high-volatility common shock persigt§hey provide numerical evidence similar to
that contained in Figure 2. For all countries, teenmon shock is in the high-
volatility regime at least 20% of the time, reachia high of 55% for Korea. The
Korean shock also displays high persistence wittatéhn of nearly six years. Korea
appears to be the most affected by the regionakahdequent financial market crises
that characterized global markets from 1997 onwaKAisthe other extreme, the
Taiwanese country shock spends the least proparfiime in the turbulent state and
persists for only a few weeks. Averaging acrosstaes, common shocks are in the
high-volatility regime about 34% of the time, witlersistence of 1.5 years. This gives
us sufficient observations in each regime to ovake@roblems of low power due to
small crisis samples inherent in many other telst®otagion (see DFGM, 2007).

The remaining columns of Table 4 present estimaitéise impact coefficients
of common structural shocks for cala) @nd turbulentd*) times as well as the ratio,
Y, upon which our test of shift contagion is based the LR statistic for the shift

" ‘Frequency’ is computed as (1-Q) / (2-Q-P) whibaitation’ is computed as 1 / (1-P), where P and Q
are defined as in equation (4).
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contagion test. The impact coefficients reveal mlper of interesting facts. Firstly, in
both regimes, the equity response to a common sisagieater than that for currency
returns. This reflects the relatively high risk@dated with this asset class. Secondly,
for both assets, the response to the high-volatgtiock is larger than its low-
volatility counterpart. As expected, both assetpldly greater sensitivity to larger
shocks. Finally, in both regimes the dispersionesfimates is greater for equity
returns and is larger in the high-volatility state.
To perform a statistical test for shift contagiam, first construct the following

statistic:

UCE UCFX | | UCFX UCE
UCFX acE | |UCE acFX |

This is simply the ratio of the estimated impacefficients in the high volatility

y= max{|

regime to the ratio of those in the low volatiliggime and allows us to test if these
are proportional across regimes. If the transmissiechanism governing the country
shock is stable, then we should observe a ratiourdty. Conversely, if this
transmission is altered, i.e. shift contagion, mtio should be statistically different
from one. The computed ratio is large in all casaggesting a potential change in the
transmission mechanism. To test whether or nat statistically different from unity,
we perform a likelihood ratio test and results presented in the final column of
Table 4.

Despite the magnitude of the ratio, we only findtistically significant
evidence of shift contagion for Korea and the Philes. For Korea, the change in
the transmission of the country shock is entirelg tb the increased sensitivity of the
equity return as the response of the currency mesiunchanged between regimes.
For the majority of markets, we fail to reject thdl hypothesis of no shift contagion.
For Indonesia, Singapore, Taiwan and Thailand, ether no evidence that the
transmission of the country shock is different kesw regimes and thus linkages due
to the common shock remain stable over differentketaconditions. The degree of
interdependence between equity and currency matkatsexists in normal market

conditions is likely to also prevail in turbulenates for these four countries.

4.3. Testsfor pure contagion

12



We next turn our attention to tests of pure caotagPure contagion refers to
the phenomenon whereby the asset-specific shoanefmarket spills over to the
other through channels that only operate duringpdsrof market turbulence. Without
a theory to guide us as to the direction of thesmtagious effects, our model
simultaneously evaluates the importance of bi-tiveal contagion. We begin by
analyzing the behavior of these shocks, with theréd probabilities of being in the
high-volatility states presented in Figures 3 anfbrdequities and foreign exchange
markets respectively. Given that we have controftadthe common factors, these
shocks can be thought of as being a pure equityar@currency shock respectively.

[FIGURES 3 & 4 ABOUT HERE]

For equity markets, and in contrast to the commsleock, we find that the
idiosyncratic shock for Singapore and Taiwan igeqoiten in the high-volatility state
and is quite persistent. For the other countriess,etquity shock is less persistent but
nevertheless, spends a large proportion of the iirribe turbulent regime. With the
exception of Taiwan, the foreign exchange shockaisless frequently in the high-
volatility state. Once the Asian crisis of 19974¢&d ended, the currency markets of
most countries settled back into a sustained p@fiddnquility.

[TABLE 5 ABOUT HERE]

Table 5 provides a more in-depth analysis of tsequertaining to these asset-
specific shocks. Consistent with the graphical ent®, the ‘Frequency’ statistic
shows us that the proportion of time spent in tigh4volatility regime is greater for
the equity shock than the currency shock. For gqudrkets, the range of time spent
in this regime is 23% for Thailand up to 71.4% f8ingapore. In contrast the
corresponding range for currency markets is 5% €Kpto 33% (Taiwan). Likewise
the persistence of shocks varies widely across etsudnd countries. Persistent equity
shocks are observed for Singapore and Taiwan, vilikkorea and Thailand, these
shocks are quickly dissipated. All foreign exchausocks are relatively short-lived,
with a duration measure of less than one year lfaroaintries except Singapore. In
summary, equity shocks occur more frequently anmlvsgreater persistence than
foreign exchange shocks but both are sufficientlgespread to be of concern to
investors and policymakers if they spill over iotber markets.

As in the case of the common shock, we find larggation in the impact
coefficients of the idiosyncratic shocks and muatreased sensitivity when moving

from the low- to the high-volatility state. Howeyéhne key parameters adge andogx,
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which capture the strength of pure contagion effédnsmitted to the equity and
foreign exchange markets respectively. The resatisfirm the importance of
simultaneously modeling bi-directional pure contagiln all but one case, we find
strong evidence of such effects. The transmissibrthe idiosyncratic shock is
unstable between regimes. In turbulent periodsettst®cks spill over to the other
market, thus becoming an additional common fadfor. all countries, but Thailand,
currency shocks influence the equity market. Tisansistent with foreign investors
fleeing domestic equity markets as they becomeiasabout the depreciation of the
domestic currency. For example, the Bank of Intional Settlements report a sharp
reversal in capital flows between 1996 and 1997 Ifmlonesia, Thailand, Korea,
Malaysia and the Philippines. Net capital inflowsUs$95 billion turned to a net
capital outflow of US$12 billion. The reverse cagibn channel, i.e. equity to foreign
exchange markets, is also operational during psraddurbulent equity markets and,
with the exception of Taiwan, we find evidence ddtistically significant pure
contagion. This channel is particularly strong lfmdonesia. For Singapore, we find a
negative coefficient fobgx, which may imply a flight-to-quality effect. Wheaquity
shocks enter their high-volatility state, investsegk refuge in currency assets. This
suggests that investors view the Singaporean dekaml safer currency than its
regional counterparts. It may also reflect the diethat Singapore has become a
‘developed’ rather than an ‘emerging’ market.

Finally, we report results of a likelihood ratwst for the joint significance of
the pure contagion parameters. In all cases, wisidely reject the null hypothesis
that these parameters are jointly zero. It confithes importance of accounting for
potential bi-directional pure contagion. Much o€ txtant literature is incapable of

simultaneously picking up these market interactions

4.4, Conditional correlations
To ascertain the contribution of pure contagionoterall asset market co-
movement, we look at its influence on the time-uwagycorrelations generated by our
model. Firstly, we compute the conditional corrielatof equity and currency markets
in each country and these are depicted in Figure 5.
[FIGURE 5 ABOUT HERE]
There is considerable time variation in the co-ement, which is consistent

with much of the extant literature. Using a sampleover 108 years, Bordo and
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Murshid (2000) show that stock market correlatiblase exhibited large variation,
both in tranquil and crisis periods. Figure 5 shawsclear pattern across countries
and only in Singapore, do we find higher than ust@telation during the Asian
crisis. It also depicts the difficulty of trying tietect contagion on the basis of looking
for changes in correlation around the time of aisicant event.

[FIGURE 6 ABOUT HERE]

Figure 6 presents the time-varying contribution pofre contagion to the
conditional correlations presented above. We decsepthe correlation into a
component due to the common shock and anotherapere contagion. We then
report the proportion of the total conditional @bation arising from the presence of
pure contagion. The graphical evidence suggeststthaontribution is considerable
for all markets. For all countries, there is a diéd relationship between the
conditional correlation and the proportion duedimsyncratic spillovers. All markets
show that up to 30% of co-movement may be attriilatéo pure contagious effects.
The importance of this channel is clear duringAlsen crisis for most countries and

re-emerges during the recent period of global e rturmoil.

4.5. Conditional Variances

Finally, we examine the conditional asset variaramed investigate the impact
of pure contagion on them. For ease of expositierdw this on a state-by-state basis.
There are eight possible states of the world, rapfiom state 1, where all shocks are
in the low-volatility regime, to state 8, where thigh-volatility regime prevails for
all. Table 6 summarizes the behavior of shocksiwiglach state.

[TABLE 6 ABOUT HERE]

Figure 7 presents the conditional variances fohesset type by country. The
conditional variance of the equity return is getigrgreater than that of the FX
return, though Korean and Indonesian currency metare exceptions in the states
with high-volatility FX shocks. It is noteworthydhcurrency returns in Singapore and
Taiwan are generally low across states, which issistent with results reported
earlier. On the other hand, Indonesian asset nsésdiibit high conditional variances
compared to its regional neighbors. This is a cgnsece of the intense economic and
political unrest that has crippled the countryha aftermath of the Asian crisis.

[FIGURE 7 ABOUT HERE]
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However, to appraise the importance of pure caotagve decompose the
conditional variances into their constituent chasn€igures 8 and 9 present these
decompositions for equity and currencies respdgtive

[FIGURE 8 ABOUT HERE]

Pure contagious effects from the FX to equity retgloperate in states 3, 4, 7
and 8. From Figure 8, we see modest contributioo® this channel to overall asset
risk across all countries. It is most importantKiorea and Singapore, especially in
state 3 when the FX shock is the only one expengnigh volatility. However, the
pure contagion channel is dominated by the infleeot the common shock. This
contributes the majority of equity risk for mostucdries. The main exceptions are
Taiwan and Singapore who both avoided the worstcedf of the Asian crisis (see
Flavin and Panopoulou, 2008). The pure equity shaprates in all states but apart
from Singapore, it plays a smaller role than themmn shock.

[FIGURE 9 ABOUT HERE]

On the other hand, a clearer picture emerges megpect to the conditional
variances of FX returns. The most striking feawfr&igure 9 is, in contrast to equity
markets, the small role played by the common shnac#tetermining currency risk.
With the exception of Taiwan (where FX variances sery small anyway), the
common shock is unimportant and is dominated by¥eédiosyncratic shock and the
pure contagion channel. The majority of risk candbtributed to the asset-specific
shock but there is evidence of pure contagionatest2, 4, 6 and 8 when the equity
shock is in the turbulent regime. This channel astimportant in Korea, Indonesia,
the Philippines and Thailand. All these countrie8esed huge currency devaluations
during the Asian crisis as they were all forcedlbandon their fixed rates with the US
dollar. Therefore pure contagion is an importaniree of risk for both asset classes

but has a relatively larger effect on the most mélgdloated exchange rates.

5. Conclusions

We develop a model that allows us to simultangotest for the presence of
both shift and bi-directional pure contagion. Timsdel is well suited to analyzing the
stability of linkages between domestic equity amdeign exchange markets. In
particular, we focus on the stability of the traission mechanism of common shocks

across different volatility regimes, i.e. shift ¢agion, and concurrently we
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investigate if asset-specific shocks spill ovemtber assets during periods of high
volatility, i.e. pure contagion.

Our analysis concentrates on the emerging finhntaakets of East Asia over
a sample period when their exchange rates werértpagainst the US dollar. We
find widespread evidence of pure contagious effeskocks that originate in either
equity or currency markets influence the other rearuring turbulent market
conditions. In essence, the once asset-specifickshecomes an additional common
factor during episodes of high-volatility. Our résuconvey the importance of
allowing for bi-directional pure contagion, as imgtice the source of the adverse
shock can be difficult to identify. In contrast,etk is relatively little statistical
evidence of shift contagion. For the majority ofintries, both asset returns respond
in a stable manner regardless of the volatilityestd the common shock.

We also investigate the economic significancehef fjure contagious effects.
Pure contagion can account for up to 30% of thetagsmovement observed. While
it varies substantially, its contribution to thenddional correlation generated by our
model is always positive. Likewise, we decomposaddmnal variances by state into
components due to the common factor, own idiosyitcfactors and pure contagion.
The common shock is the dominant factor in deteimgirequity market volatility but
its influence on currency risk is negligible. Tlatér market is most influenced by its
own asset-specific shocks. Pure contagious effgetsmportant for both asset types
but particularly for the FX markets of the mostertty floated currencies.

In summary, the linkages between equity and cuagrenarkets in emerging
economies do not appear to be stable. Thereles ditétistical evidence that common
shocks cause this instability but rather it appegarssmanate from transmission
channels that emerge when the asset-specific shbakther market experiences
episodes of high volatility. This finding is likelyp concern both policymakers and
investors alike. Policymakers need to take notd thgh-volatility asset-specific
shocks may not be contained for long and theredapeedy response is necessary to
prevent the spread of turbulence throughout thanfiral system of the affected
country. Non-domestic equity investors will be wed that pure contagious effects
will further compound their equity losses as theeign exchange component of
overall return falls simultaneously, while domesuity investors may find it more
difficult to diversify away from home assets in beaaarkets due to a loss of

purchasing power of the proceeds of portfolio ld@tion.
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Table 1.
Panel A. Summary Descriptive Statistics-Equity Returns

Korea Indonesia Philippines Sngapore  Taiwan Thailand
Mean 0.214 0.186 0.023 0.109 -0.021 0.086
Median 0.528 0.302 0.108 0.255 0.162 0.064
Maximum 16.95 22.72 14.74 11.74 19.59 25.27
Minimum -19.57 -20.43 -21.13 -18.28 -14.53 -17.58
Std. Dev. 4.878 4.743 3.417 2.921 3.754 4.598
Skewness 0216 0.065 -0.411 -0.508 0.074 0.330
Kurtosis 4.787 6.631 7.801 6.826 5.436 6.068

78.3 305.8 549.8 363.1 138.0 228.1

JarqueBera 5 00)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

Panel B. Summary Descriptive Statistics-Foreign Exchange Returns

Korea Indonesia Philippines Sngapore Taiwan Thailand

Mean -0.012 -0.239 -0.078 0.003 -0.021 -0.040
Median 0.064 -0.017 -0.012 0.016 0.000 0.043
Maximum 13.60 38.62 7.67 7.93 3.55 9.68
Minimum -33.05 -56.86 -12.78 -4.45 -4.37 -11.88
Std. Dev. 2.215 4.758 1.431 0.858 0.676 1.706
Skewness .5 848 -3.401 -1.683 1.081 -0.749 -1.001
Kurtosis 97.409 56.654 21.048 18.892 12.798 16.939

209656.7 67764.0 7808.6 5959.1 2275.8 4594.0

Jarque Bera “5000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

Panel C. Dynamic Correlations between Equity and Foreign Exchange Returns

Korea Indonesia Philippines Sngapore  Taiwan Thailand
eq(t),fx(t) 0.374 0.200 0.375 0.321 0.298 0.254
eq(t),fx(t-1) -0.160 -0.088 0.023 0.037 0.019 -0.05
eq(t),fx(t-2) -0.005 -0.157 0.049 0.059 0.000 0.008
eq(t),fx(t-3) 0.033 0.075 0.009 0.058 0.021 -0.019
eq(t),fx(t-4) -0.074 -0.067 0.058 0.021 0.005 -a.00
eq(t-1),fx(t) -0.065 -0.059 0.038 -0.110 0.050 .05
eq(t-2),fx(t) 0.098 0.204 0.145 0.119 0.043 0.212
eq(t-3),fx(t) 0.022 0.005 0.089 -0.025 0.068 0.011
eq(t-4),fx(t) 0.063 -0.018 0.041 -0.035 0.061 0.054

Panel D. Correlations between Equity and Foreign Exchange Returns

Korea  Indonesia Philippines Sngapore Taiwan Thailand

Original data 0.374 0.200 0.375 0.321 0.298 0.254
VAR residuals 0.375 0.258 0.371 0.332 0.299 0.269
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Table 2. Diagnostic tests on standar dized residuals and model specification

Country LM(1) LM(4)  ARCH(1) ARCH(4) Normality RCMg RCMg RCMc

Korea 1.89 2.127 8.682* 27.03* 0.105 6504  3.04  5a4.
0.194 10.86 26.10* 80.70* 0.089

Indonesia 0.049 1.043 1.293 1.579 0.178 51.97 12.5526.16
1.252 4571 0.002 2.929 0.095

Philippines 0.637 0.974 0.564 3.142 0.059 6507 184 20.43
10.43*  21.39* 0.897 3.358 0.121

Singapore 0.034 0.743 8.727* 19.65* 0.152 11.41 348 77.13
6.035 6.516 477 5.422 0.023

Taiwan 0.008 1.744 0.656 5.771 0.047 16.85  35.81 .2043
0.288 3.515 8.712* 52.56* 0.288*

Thailand 1.784 1.962 1.265 3.823 0.053 50.10  6.01 6.172
1.894 5.606 0.016 5.793 0.234*

Notes: LM(k) is the Breusch-Godfrey Lagrange Multiplier test fio serial correlation up to ldg
ARCH(K) is the Lagrange Multiplier test for no ARCH effeof orderk, Normality is the Cramer-von-
Mises test for the null of Normality, ROMs the Regime Classification Measure, where i=E, €

for the equity and currency idiosyncratic shock ahd common shock, respectively. * denotes

significance at 1% level. LM(k) and ARCH(K) have)@2 (k)distribution under the null hypothesis.

The Cramer-von-Mises test has a non-standardhlisivh and the cut-off value for RCM is 50.

22



Table 3. Estimates of mean returns acr oss regimes

Country Ue X e © Ex LR p-val

Korea 0.349 0.105 -0.150 0.019 2.25 0.32
(0.184) (0.056) (0.339) (0.074)

Indonesia 0.215 0.071 -0.470 -0.191 1.93 0.38
(0.195) (0.009) (0.458) (0.278)

Philippines 0.051 0.025 -0.056 0.360 6.01** 0.05
(0.137) (0.027) (0.212) (0.110)

Singapore 0.467 0.026 -0.380 0.016 10.10%** 0.01
(0.108) (0.034) (0.235) (0.056)

Taiwan 0.543 -0.044 -1.387 0.287 0.73 0.69
(0.139) (0.018) (0.526) (0.048)

Thailand 0.162 0.095 -0.189 -0.078 4.59* 0.10
(0.222) (0.042) (0.372) (0.073)

Notes: Standard errors in parentheses below coefficidnkelihood ratio statistic is for the null of
equality of mean returns across the regimes. Tétestatistic has a)(2 (2) distribution under the null
hypothesis. *** denotes significance a@bollevel, ** denotes significance at 5% level, andendtes

significance at 10% level.
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Table 4. Estimates of impact coefficients of common shocks

* *

Country  Frequency Duration Oce OcFx 0 & 0 oFx b4 LR
Korea 54.9% 5.69 2.384 0.061 4.729 0.062 1.98 3%#:81
(0.132)  (0.080) (0.249)  (0.080) (0.00)
Indonesia 24.9% 1.37 3.153 0.272 6.176 0.294 181 460
(0.129)  (0.060) (2.054) (0.192) (0.50)
Philippines  20.1% 0.52 2.290 0.073 5.353 0.533 3.14 4.21**
(0.094) (0.028) (0.457)  (0.139) (0.04)
Singapore 45.5% 0.09 0.004 0.001 1.873 0.497 311 010
(0.097) (0.013) (0.249)  (0.072) (0.99)
Taiwan 20.7% 0.03 1.206 0.208 3.333 0.311 1.85 0.40
(0.297)  (0.048) (0.429) (0.042) (0.53)
Thailand 36.2% 1.31 2.662 0.145 5.689 0.212 146 620.
(0.138)  (0.059) (0.308) (0.082) (0.43)

Notes: “Duration” refers to the duration of the high vility common shock expressed in years.
“Frequency.” refers to the unconditional probabilitf the high volatility regime expressed in
percentage Standard errors are in parentheses below coeffgcieikelihood ratio statistic is for
the null of no shift contagion against the alteineabdf shift contagion between the equity and FX
returns of the indicated countries.. The test stiatihas a)(z(l)distribution under the null

hypothesis. *** denotes significance at 1% level, denotes significance at 5% level, and *
denotes significance at 10% level. P-values arergin parentheses under LR statistic.
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Table 5. Estimates of impact coefficients of idiosyncr atic shocks
Bi-directional pure contagion

Frequency Fregquency

Country  /Duration/ Duration  og OFx e o Ex o Orx LR
(B) (FX)

Korea 42.3% 4.7% 0.001 0.826 3.752 7.583 0.502 10.3046.87***
019 021 (0.021) (0.071) (0.659) (1.085) (0.138(0.052)

Indonesia 52.8% 16.2% 0.043 0.912 1.073 9.764 0.1851.923 25.50%**
0.50 028  (1.720) (0.041) (0.423) (0.827) (0.060)0.722)

Philippines  50.1% 9.6% 1.023 0.374 1.024 3.244 ®.34 0.833 49.43***
0.19 0.38  (0.043) (0.028) (0.046) (0.321) (0.160)0.069)

Singapore 71.4% 11.2% 0.836 0.482 2.746 1.739 1.4150.038 28.80***
6.95 136 (0.113) (0.026) (0.153) (0.158) (0.232)0.018)

Taiwan 50.9% 32.9% 1.589 0.110 4.003 1.053 1.147 0010. 19.47***
545 013 (0.242) (0.079) (0.251) (0.075)  (0.246)0.006)

Thailand 23.1% 8.9% 0.010 0.589 2.317 3.663 0.215 4920 10.62***
013 065 (0.284) (0.058) (0.881) (0.314) (0.167(0.138)

Notes: “Duration” refers to the duration of the high wiliy regime of the idiosyncratic shock
expressed in years. “Frequency” refers to the uditional probability of the high volatility
regime expressed in percentage. Standard erropgrgntheses below coefficients. Likelihood
ratio statistic is for the null of no pure contagiagainst the alternative of bi-directional pure
contagion between the equity and FX returns ofitldécated countries. The test statistic has a
¥*(2) distribution under the null hypothesis. *** dmes significance at 1% level, ** denotes
significance at 5% level, and * denotes signifieaat 10% level.
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Table 6. Summary of shock within each state

Equity FX Common

Shock Shock Shock
State 1 Low Low Low
State 2 High Low Low
State 3 Low High Low
State 4 High High Low
State 5 Low Low High
State 6 High Low High
State 7 Low High High
State 8 High High High

Notes: Low (High) indicates that within that state theskis in the low- (high-) volatility regime.
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Figure 1. Data
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Figure 2. Filter Probabilities of high volatility common shocks

KOREA

W

0.6
0.4+

0.2+

0.0

1998 199 2000 2001 2002 2003 2004 2006 2006 2007

INDONESIA

0.8+

0.6+

0.4+

0.2+

0.0

1998 199 2000 2001 2002 2003 2004 2005 2006 2007

PHILIPPINES

0.8+

0.6

0.4+

0.2

0.0 A
1908 19% 2000 2000 2002 2008 2004 2005 2006 2007

SINGAPORE

0.8+

0.6

0.4

0.2+

0.0
1998 199 2000 2001 2002 2003 2004 2006 2006 2007

TAIWAN

0.8+

0.6+

0.4+

0.2+

0.0

1998 199 2000 2001 2002 2003 2004 2006 2006 2007

THAILAND

0.8+

0.6+

0.4+

0.2+

0.0

1998 199 2000 2001 2002 2003 2004 2006 2006 2007

28



Figure 3. Filter Probabilities of idiosyncratic shock for the equity mar ket
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Figure4. Filter Probabilities of idiosyncratic shock for the FX market

KOREA
1.0
0.8
0.6
0.4
0.2
1998 199 2000 2001 2002 2003 2004 2005 2006 2007
INDONESIA
1.0 v
0.8
0.6
0.4
0.2
0.0 AN A /\}\_‘ - A f\A,\‘
1998 199 2000 2001 2002 2003 2004 2006 2006 2007
PHILIPPINES
1.0
0.8
0.6 1
0.4
0.2
L s NPT . LI
1998 199 2000 2001 2002 2003 2004 2006 2006 2007
SINGAPORE
1.0
0.8
0.6
0.4
0.2 4
0.0
1998 199 2000 2001 2002 2003 2004 2005 2006 2007
TAIWAN
1.0
0.8
0.6
0.4
0.2
0.0
1998 199 2000 2001 2002 2003 2004 2005 2006 2007
THAILAND
1.0 WV
0.8
0.6
0.4
0.2
00 N N ﬁ N
1998 199 2000 2001 2002 2003 2004 2005 2006 2007

30



Figure 5. Conditional correlations

KOREA

INDONESIA

PHILIPPINES

SINGAPORE

TAIWAN

THAILAND

31



Figure 6. Contribution of pure contagion to conditional correlations
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Figure 7. Conditional Variances by state
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Figure 8. Decomposition of equity variances by state
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Figure 9. Decomposition of FX variances by state
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