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1 Intr oduction

The Asianfinancialcrisisbroke out in Thailandin July 1997,andrapidly spreadthroughoutthe

neighboringcountries.ThecrisisseverelyaffectedseveralAsiancountries,likeThailand,Indone-

sia, MalaysiaandSouthKoreawhich not only hada sharpdepreciationof their currenciesbut

alsohada negative economicgrowth in 1998(seeTable1. EvenJapan,having maintainedstable

growth sinceWorld War II, sufferedfrom negative 2.9 percentgrowth in GDP in 1998. As for

Taiwan,theeconomicgrowth ratedroppedfrom 6.8percentin 1997to 4.8percentin 1998.

TheAsianfinancialcrisishasattractedagreatdealof attentionof economists.Corsetti,Pesenti

andRoubini (1999),FloodandMarion (1998),Krugman(1998),Kaminsky andReinhart(1997),

RadeletandSachs(1998),Sachs,Tornell andVelasco(1996)all analyzethecausesandimpactof

thecrisis. CambridgeJournalof Economicsdevotedanentirerecentissue(vol 22,no 6) to Asian

financialcrisiswherevariouspapersexaminetheentireSouthAsia region andall thecountriesin

trouble.Hu, Lin, SheaandWu (1999)focusedon thecaseof Taiwan.

An importantquestion thenarises?Is it possible to predictnext financialcrisis? If yes,then

whatarethepredictors?Theanswerlies in combinedusageof economictheoryandeconometric

methods.By usingtheeconomictheory, onecanlocatepossiblepotential crisispredictorswhereas

appropriateeconometricmodelscanpinpoint effectiveones.

As waspointedout by Kaminsky, LizondoandReinhart(1997),therearebasicallyfour ap-

proachesto formulateanempiricalcrisisearlywarningmodel.Thefirst approachprovidesonly a

qualitative discussion of thecausesanddevelopmentsfor financialcrisisbut give no formal tests.

For example,seeKuoandLiu (1998).Thesecondoneanalyzesthestylizedfactsbeforeandafter

the crisis andthenuseparametricor nonparametricteststo comparethe caseswith andwithout

crises.The third approachemploys theprobit/logit modelwherebinaryvariableof crisis indica-

tor is regressedagainstpredictorsasexplanatoryvariables.BlancoandGarber(1986)aswell as

Sachs,TornellandVelasco(1997)aretwo examples.Thefinal approachis thesignalingapproach.

Deviation of explanatoryvariablesfrom normalvalueover a predeterminedthresholdbeforethe

crisisaretakenasa signalfor a crisis.Thentheperformanceof eachindividualcrisisindicatoror

combinedindicatorsto predictcrisiscanbeevaluatedby usingthe2x2 tablesandotherstatistics.

Kaminsky andReinhart(1996)belongsto thiscategory.

Most of thesemodelsrely on conventional t-statistics to decidewhich variablesto include

in the early warningmodel. However, it is well known that the correlationamongthecandidate

explanatoryvariablesmakes the final selectionresult sensitive to the ordersthat eachvariable

enterstheequation.Someothersusecriterion like
���������	�

and 
 ���
to selectsub-models. The

computation burdencouldbeprohibitivewhennumberof candidatevariablesis large.To solvethe

difficulty, thebackwardor forwardselectionprocedureshavebeenintroduced.It is notuncommon
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to find out thatthesetwo proceduressuggestdifferentmodels.

By proposing the fifth approach,we suggestusingthe StochasticSearch VariableSelection

(OSES)developedby GeorgeandMcCulloch (1993)to identify thecrisispredictors.As is sug-

gestedby thename,SSVSstochastically searchesfor practicallysignificantvariables.Eachvari-

ablecoefficient is assumedto comefrom a mixtureof two normalvariateswith respectively large

andsmallvariances.For theformercase,thisvariableis consideredasinsignificantandshould be

excludedfrom themodelwhereasfor thelatter, this variableis significantandshouldbeincluded

in themodel.By usingGibbssamplerto simulateacorrelatedsampleand’bestmodel’ is identified

astheonewith highestfrequency in thesample.

SSVSis not affectedby the orderingof the candidatevariablesandis particularlyeffective

whenthesamplesizeis muchsmallerthanthenumberof all possiblemodels.It hasbeensuccess-

fully appliedto thecasewith hugenumberof predictors.GeorgeandMcCulloch(1996)compares

varioushierarchicalmixtureprior formulationsof variableselectionuncertaintyin normallinear

regressionmodel.George,McCullochandTsay(1996)extendedSSVStogeneralizedlinearmodel

likeprobitmodelandallowedindividualobservationto choosedifferentmodel.

The rest of the paperis organizedas follows. Section2 examines the possible predictors

of financialcrisis from the viewpoint of economictheory. Section3 introducesthe econometric

methodsfor variableselectionusedin this model.Empirical resultsareanalyzedin section4 and

section5 concludes.

2 Economic Aspects of the Financial Crisis

As discussedin Merton(1998),thecurrentAsianfinancialcrisis is a combination of threeinter-

relatedcrises: the currency crisis, the interestratecrisis andthe credit risk crisis. Accordingto

FloodandMarion (1999),the literatureconcerningfinancialcrisiscanbe distinguishedinto two

generationsof models.Modelsof thefirst generationemphasizethedeviation of governmentpol-

icy from theobjectives thatit triesto pursue.For example,in afixedexchangechangerateregime,

thegovernmentadoptsa policy thatcontributesto currentaccountdeficit anddepletionof foreign

exchangereserves.Second-generationmodelsstresstheself-fulfilling expectationsthatarisefrom

theweaknessin economicfundamentals.TheAsianfinancialcrisiscanbeexplainedpartially by

thefirst-generationmodelsandpartiallyby thesecond-generationmodels. Thesecountriespegged

or linkedcloselytheir currenciesto the U.S. dollar. While they hadhigh savings rates,the gov-

ernmentsmaintainedexpansionaryeconomicpoliciesthatled to excessinvestmentandconsistent

currentaccountdeficits. From 1990-1997,the currentaccountdeficitsasa percentageof GDP

wereonaverageof 1.36%for Korea,2.58%for Indonesia,5.514%for Malaysia,4.3%for Philip-
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pinesand6.5%for Thailandrespectively. Theeconomicswerehelpedinitially by thedepreciation

of theU.S.dollar againsttheJapaneseYenfrom 1990until 1994. But in 1994whentheChinese

RenminbidevaluedagainsttheU.S.dollarandthevalueof theU.S.dollarbeganto riseagainstthe

JapaneseYen,thecompetitivenessof thesecountriesbeganto fall, andthecurrentaccountdeficits

wereno longersustainable. Whendoubtswereraisedaboutthegovernments’ ability to maintain

currency value,speculatorsbeganto attackthecurrenciesandexpectationsbecameself-fulfilling.

Thailandwasthefirst to fall victim to speculativeattacks,andsoonMalaysia,IndonesiaandSouth

Koreafollowed. Weakfinancialstructuresalsoreducedthe governments’ abilitiesto respondto

the crisis. As notedin Fischer(1998),the marketstreatedcountriesin bettershapemorekindly

thanthosein worseshape.

Thereis a long list of potentialvariablescausingthe Asianfinancialcrisis,especiallywhen

thosefactorsconcerningself-fulfilling andcontagiouseffectsare taken into account. However,

somevariablesarenot directly observableandusingpoorproxy variablescouldintroducesignif-

icantmeasurementerrorandcauseseriousproblemfor econometricanalysis.Thus,our analysis

focuson analysisof market fundamentals.Existingliteratureon financialcrisisoftenenlistmany

possible factorsbut fail to identify thekey ones.For example,from Tables2 to 6, it canbeseen

thattherehavebeenexistingcurrentaccountdeficitsince1990in thosecountriesseverelyaffected

in the crisis. Thus,someeconomistsconsiderprolongedcurrentaccountdeficit in an important

causeof financialcrisis. In addition,insufficient foreignexchangereserveandgovernmentbudget

deficit arealsoconsideredaspossiblecausesof financialcrisis.

Thevariablesconsideredin this paperareinflation rate,ratio of governmentbudgetdeficit to

GDP, growth rateof money supplyasmeasureby �
� , ratioof foreignreserve to GDPandratioof

currentaccountto GDP.

In view of increasingsamplesizeandefficiency of analysis, we usethequarterlydata.By so

doing we pay the price of missing somepotentialvariables,suchasratio of interestpaymentto

GDP, andshort-termdebtto GDPsincethey areonly availablein annualfrequency.

3 Econometric methodology

3.1 Indicators of financial crisis

Theindex of crisiscanbedefinedeitherasacontinuousvariableor asabinaryone.For theformer,

it is oftenformulatedin termsof variability of exchangerateandforeignexchangereserve. As for

the latter, binary index is setto beoneif somekey variableexceedsthepredeterminedthreshold

andzerootherwise.

In this paper, we analyzethreecrisis indicators.Thefirst two indicatorsaremarket pressure
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index definedin termof nominal andrealexchangeratesrespectively.

����� ������������� �"!#��$%�&�����"'��
� � � ��� '� ��������(� !#��$%�������"'��

where
���)��� '� ��$��

arerespectively thenominalexchangerate,realexchangerateandforeignexchange

reserveand
�

standsfor standarddeviation. Thethird indicatoris definedto beoneif deviationof���
exceeds1.5standarddeviation of

���
computedover thewholesample.

�%*+�-,/. if
���10 .3254 �6

if
���17 .3254 �

It is worth notingthatevenwhen
���

and
$��

have beenstandardizedrespectively by their standard

deviations, numberof componentsincludedin the crisis index will affect its scale. Thus, the

thresholdvalueof theindex still needsto befurtherstandardized.

While abruptchangesof exchangeratesignalstheoutbreakof financialcrisis,preventivemea-

suresexhausting foreignreservesto protectexchangeratecanoftenresultin seriouseffectson the

economy. This justifies including foreignreserve asa componentof crisisindex while sometimes

interestratesis alsoincluded.SeeEichengreen,RoseandWyplosz(1995)andKaminsky, Lizondo

andReinhart(1997)for furtherdetails.

3.2 StochasticSearch Variable Selection

Considerthestandardlinearregressionmodel

8 ��9;:=<?>A@�&B ��� �DC
(1)

where
>E�)� B

aretwo F x . vectors,
8 �

theexplainedvariable,and
� � varianceof the

8 �
. TheSSVS

putsa hierarchicalmixtureprior on theregressioncoefficientsfor modelselection.Eachcompo-

nent
BHG

of
B

is modeledasrealizationfrom ascalemixtureof two normaldistributions:

BHGJI K�L 9 < . ! K�L C :M< 6 �ON �L CQP K�L :=< 6 �SR �L N �L C
(2)TVU K�L � .�W � . ! TXU KYL � 6 W �[Z L
(3)

< B\L � K�L C
areusuallyassumedto beindependentof eachotherthoughmoregeneralcaseis possible.

To closethemodel,oneneedsto specifytheprior for
� �

� � I K 9]��^X<&_`'D�3ab�J_`c�dec��3a C
(4)
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or equivalently,

_`c�dHcY��� � 9]f �gih (5)

where
��^

is inverseGammaand
f �g ( chi-squarewith degreeof freedom

_�'
.

K @G&j is assumedto be

independentwith marginaldistribution

k < K C �]lnm cOoG < . !pm G CSq �srtcOovu
(6)

Thehyperparameters
N L

and
R L

arerespecifiedto besmallandlargerespectively sothatwhenK�L � 6 � B\L 9w:M< 6 �JN �L C � B\L
is so smallandit would suffice to exclude x L

from themodel. WhenK�L � . � B\L 9;:=< 6 �SR �L N �L C
, hashighprobability to belargeandis betterto leave x L

in themodel.

SSVSusestheGibbsSamplerto computethejoint posteriorby drawing sequentially from the

followingsetsof conditionals:

B+I K ���"�Jy{z�� I B ��y|z K�L`I K q r L us� B (7)

where
K q r L u �}< K �D��~�~�~%� K�L r���� K�LJ� �S��~�~�~%� K � C

.

3.3 Computation procedures

Thecomputationprocedureis asfollows.

1. ComputeOLS for full modelandthevarianceof estimatedresidualto initializetheiteration

process.

2. Update
� � <?> @ > P � ��� r �' C > @ 8

to draw

T < B+I � � � K � 8 C �]:M<J<�> @ > P � � � r �c > @ 8 ��� � <?> @ > P � � � r �c C r�� C
where � c

is a diagonalmatrix of
< . ! KbG C N G P K�G R G N G

. Cholesky decomposition is neededin

thisstep.

3. Generatemultivariatenormalrandomvariate


�� 9;: U <�> @ > P � � � r �' C > @ y|��� � <�> @ > P � � � r �' C W
4. Update

� �
T <?� r � I B � 8 C �]^��|<�� P��

a � I 8 !=> @ B+I � P�� d
a C
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5. Update
K

from Bernoulli distribution

T < K\G�I B � K r G C � .� P��
where

� � T < B+I K r G � K\G � . C T < K r G � K\G � . C� � T < B+I K r G � K\G � 6 C T < K r G � K\G � 6 C

Repeatsteps3 to 5 until it converges.

4 Empiric al results

All dataarequarterlydatafrom thefirst quarterof 1987to thefourth quarterof 1997takenfrom

InternationalFinancialStatistics.Indonesiahasonly annualGDPandhasno quarterlyGDP. We

uselinear extrapolation to computequarterlydata. This is a simple way, not satisfactorybut is

thebestwe cando. Our experienceshows that including quarterlyGDP aspossible explanatory

variablewouldleadtonoconvergenceasnumberof repetitionsincreases.However, whenquarterly

GDPis only usedto computevariousratios,convergenceis achieved.

Thailand,Malaysia,Indonesia,Philippines,SouthKoreaandTaiwanareincludedin themodel

selectionanalysis.All theseAsiancountriesareaffectedby thefinancialcrisisat varyingdegree.

The modelselectionresultsarereportedin Table7. The threehighestfrequency of the selected

modelsareputat thesecondcolumnof eachpanel.Considerthefactthatfor 6 variablesasin our

case,the numberof total possible sub-models is 64. Thusthe fact that all our top modelshave

selectedfrequency morethan3%seemsto supporttheuseof SSVS.

Fromthetable,we observe thatusingall threecrisis index indicatorsleadsto identical result

by selectingthesametwo crisispredictors,annualgrowth rateof ��� , andratioof governmentdebt

to GDP. It is worthnotingthatwhile theratioof total foreigndebtto GDPandtheratioof current

accountto GDPhave sometimesbeenconsideredasimportantvariables,they arenot selectedby

SSVS.The ratio of short term debtto total foreign debtmight be relevant but is not considered

heredueto lackof quarterlydata.

While ourempiricalresultsappearspuzzlingatfirst glance,it providesaninsightonfinancial

crisisfrom differentperspective. The �M� growth rateandratioof governmentdebtto GDPcanbe

viewedasindicatorsof monetaryandfiscalpoliciesrespectively. Theimplementationof monetary

andfiscalpolicieswill affectaggregatedemandandthenprices.In turn,changein pricesresultin
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changeof termof trade,tradesurplusor deficit,andexchangerate.This explainswhy thegrowth

rateof ��� andratioof governmentdebtto GDParemorefundamentalthanothervariablesandare

selectedby SSVS.Furthermore,it is worth notingthatdifferentgovernmentscanadoptdifferent

meansto implementthemonetaryandfiscalpoliciesandtheresultingeffectscouldvary. This is

animportanttopicbut is notpursuedheredueto limitationof dataavailability.

Our empiricalfindingsseemto provide a supporting evidencefor Krugman(1979),who ar-

guesthat it is thecontinuousdeteriorationof macroeconomicfundamentalsthatcausesthefinan-

cial crisis. Our empiricalanalysisalso indicatesthat inappropriatemonetaryandfiscal policies

shouldbeheldresponsiblefor financialcrisis.However, it is worthmentioning thatwedonot take

into accountthe self-fulfilling andcontagiouseffectsaspointedout in Calvo andVegh (1999),

Sachs,Tornell andVelasco(1996)andDrazen(1996). Thus, the effect of non-macroeconomic

fundamentalscannotbeexcluded.

5 Conclusions

Economistshaveproposeddifferentaspectsonthecausesof thefinancialcrisisandthispapercon-

centrateson market fundamentals.By employing SSVSmethod,we concludethatannualgrowth

rateof money supply, �=� , andtheratio of governmentdebtto GDParepromising predictorsfor

financialcrisis. It is worth mentioning thatthefrequentlymentionedfactors,suchasratio of total

foreign reserve to GDP andthe ratio of currentdeficit to GDP arenot selectedby our analysis.

Our empiricalanalysisimpliesthatmonetaryandfiscalpolicy play a crucial role in exploring the

Asianfinancialcrisis.

While therearefew Bayesiananalysison financialcrisis,our analysisis by no meanscom-

plete.Wehavenotyetconsideredcontagioneffectwhich is animportantaspectof financialcrisis.

Also, theout-sample forecastingperformanceof selectedcrisispredictorhaveyet to bestudied.

A detailedcomparisonof our predictorswith thosein the literaturewould be interestingand

deserve further investigation. In addition, it would be interesting to apply the sameanalysisto

morecountriesandto higherfrequency data,suchasmonthlydata.
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Table1: Exchangerates

Thailand Malaysia Indonesia Philippines S.Korea

1990 25.58 2.70 1842.81 24.31 707.76

1991 25.51 2.75 1950.32 27.48 733.35

1992 25.40 2.55 2029.92 25.51 780.65

1993 25.32 2.57 2087.10 27.12 802.67

1994 25.15 2.62 2160.75 26.42 803.45

1995 24.91 2.50 2248.61 25.71 771.27

1996 25.34 2.52 2342.30 26.22 804.45

1997 31.36 2.81 2909.38 29.47 951.29

1998� 43.35 3.96 9929.47 40.28 1471.66

China HongKong Singapore Taiwan Japan

1990 4.78 7.79 1.81 26.89 144.79

1991 5.32 7.77 1.73 26.81 134.71

1992 5.52 7.74 1.63 25.16 126.65

1993 5.76 7.74 1.62 26.39 111.20

1994 8.62 7.73 1.53 26.46 102.21

1995 8.35 7.74 1.42 26.48 94.06

1996 8.31 7.73 1.41 27.46 108.78

1997 8.29 7.74 1.48 28.70 120.99

1998� 8.28 7.75 1.69 33.64 133.16

* Up to July, 1998

Source:IMF, InternationalFinancialStatistics
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Table7: SSVSModelselectionresults

Index 1 Index 2 Index 3

Model Selection Model Selection Model Selection

variables percentage variables percentage variables percentage

3,4 0.0341 3,4 0.0343 3,4 0.0344

2,4,5,6 0.0338 5 0.0340 5 0.0340

3 0.0328 2,4,5 0.0340 2,4,5 0.0340

Selectionpercentagefor any specificmodelis measuredastheratioof numberof replications

suchthattheunderlying modelis chosento totalnumberof replications.>��
: Constant> � : CPI(Rate)>�*
: �M� (Rate)>��
: Debt/GDP>��
: Balance/GDP>��
: Reserve/GDP
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