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1 Intr oduction

The Asian financialcrisis broke out in Thailandin July 1997,andrapidly spreacthroughoutthe
neighboringcountries. Thecrisisseverely affectedseveral Asiancountriesjik e Thailand,Indone-
sia, Malaysiaand SouthKoreawhich not only had a sharpdepreciationof their currenciesout
alsohada negative economicgrowth in 1998(seeTablel. EvenJapanhaving maintainedstable
growth sinceWorld War Il, sufferedfrom negative 2.9 percentgrowth in GDP in 1998. As for
Taiwan,theeconomiagrowth ratedroppedirom 6.8 percentin 1997to 4.8 percentin 1998.

TheAsianfinancialcrisishasattractedagreatdealof attention of economistsCorsetti Pesenti
andRoubini(1999),FloodandMarion (1998),Krugman(1998),Kaminsky andReinhart(1997),
RadeletandSachgq1998),Sachs;TornellandVelasco(1996)all analyzethe causesandimpactof
the crisis. CambridgeJournalof Economes devotedan entirerecentissue(vol 22, no 6) to Asian
financialcrisiswherevariouspapersexaminethe entire SouthAsia region andall the countriesin
trouble.Hu, Lin, SheaandWu (1999)focusedon the caseof Taiwan.

An importantquestiom thenarises?Is it possble to predictnext financialcrisis? If yes,then
whatarethe predictors?The answellies in combinedusageof economictheoryandeconometric
methodsBy usingtheeconomidheory onecanlocatepossiblepotental crisispredictorsvhereas
appropriateeconometrienodelscanpinpoirt effective ones.

As waspointedout by Kaminsky, Lizondo andReinhart(1997),thereare basicallyfour ap-
proachego formulatean empiricalcrisisearlywarningmodel. Thefirst approachprovidesonly a
gualitative discusson of the causesanddevelopnentsfor financialcrisis but give no formal tests.
For example,seeKuo andLiu (1998). The secondoneanalyzeghe stylizedfactsbeforeandafter
the crisis andthenuseparametricor nonparametri¢eststo comparethe caseswith and without
crises. The third approachtemploys the probit/logit modelwherebinary variableof crisisindica-
tor is regressedhgainstpredictorsasexplanatoryvariables.Blancoand Garber(1986)aswell as
Sachs;TornellandVelasco(1997)aretwo examples.Thefinal approachs thesignalng approach.
Deviation of explanatoryvariablesfrom normalvalue over a predeterminedhresholdbeforethe
crisisaretakenasa signalfor a crisis. Thenthe performancef eachindividual crisisindicatoror
combinedndicatorsto predictcrisis canbe evaluatedby usingthe 2x2 tablesandotherstatisics.
Kaminsky andReinhart(1996)belonggo this category.

Most of thesemodelsrely on corvenional t-statistcs to decidewhich variablesto include
in the early warningmodel. However, it is well known thatthe correlationamongthe candidate
explanatoryvariablesmales the final selectionresult sensitve to the ordersthat eachvariable
entersthe equation.Someothersusecriterionlike AIC, C, and BIC to selectsub-moels. The
computatio burdencouldbeprohibiive whennumberof candidatevariabless large. To solve the
difficulty, thebackwardor forwardselectionproceduresiave beenintroduced It is notuncomnon



to find out thatthesetwo proceduresuggestlifferentmodels.

By proposimgy the fifth approachwe suggesusingthe StochasticSeart VariableSelection
(OSES)developedby Geoge and McCulloch (1993)to identify the crisis predictors.As is sug-
gestedby the name,SSVSstochastially searchesor practicallysignificant variables.Eachvari-
ablecoeficientis assumedo comefrom a mixture of two normalvariateswith respectiely large
andsmallvariancesFor theformercasethis variableis consideredsinsignficantandshoutl be
excludedfrom the modelwhereador thelatter, this variableis significantandshouldbeincluded
in themodel.By usingGibbssampletto simulae acorrelatedcsampleand’bestmodel’is identified
astheonewith highestfrequeng in the sample.

SSVSis not affectedby the orderingof the candidatevariablesandis particularly effective
whenthe samplesizeis muchsmallerthanthe numberof all possiblemodels.It hasbeensuccess-
fully appliedto the casewith hugenumberof predictors.GeogeandMcCulloch(1996)compares
varioushierarchicalmixture prior formulations of variableselectionuncertaintyin normallinear
regressiormodel. Geoge,McCullochandTsay(1996)extendedSSVSto generalizedinearmodel
like probit modelandallowedindividual obsenationto choosedifferentmodel.

The restof the paperis organizedas follows. Section2 examires the possibé predictors
of financialcrisis from the viewpoint of economictheory Section3 introducesthe econometric
methoddor variableselectionusedin this model. Emprical resultsareanalyzedn sectiond and
section5 concludes.

2 Economc Aspeds of the Financial Crisis

As discussedn Merton (1998),the currentAsian financialcrisisis a combinaton of threeinter-
relatedcrises: the curreng crisis, the interestrate crisis andthe creditrisk crisis. Accordingto
Flood andMarion (1999),the literatureconcerningfinancialcrisis canbe distinguishednto two
generation®f models.Modelsof thefirst generatioremphasizehe deviation of governnentpol-
icy from theobjectivesthatit triesto pursue For example,in afixedexchangechangeaateregime,
thegovernmentadoptsa policy thatcontributesto currentaccountdeficit anddepletionof foreign
exchangeesenres. Second-generatiomodelsstresghe self-fulfilling expectationghatarisefrom
theweaknessn economicfundamentalsThe Asianfinancialcrisis canbe explainedpartially by
thefirst-generatioomodelsandpartially by thesecond-generatiamodels Thesecountriegpegged
or linked closelytheir currenciego the U.S. dollar. While they hadhigh savings rates,the gov-
ernmentsnaintainedexpansonaryeconomigpoliciesthatled to excessinvestnentandconsisént
currentaccountdeficits. From 1990-1997 the currentaccountdeficits as a percentagef GDP
wereon averageof 1.36%for Korea,2.58%for Indonesias.514%for Malaysia,4.3%for Philip-



pinesand6.5%for Thailandrespectrely. Theeconomicsverehelpedinitially by thedepreciation
of the U.S. dollar againstthe Japanes&enfrom 1990until 1994. But in 1994whenthe Chinese
RenminbidevaluedagainstheU.S.dollarandthevalueof theU.S.dollar beganto riseagainsthe
Japanes&en,the competitvenesof thesecountriesbeganto fall, andthe currentaccounteficits
wereno longersustaimble. Whendoubtswereraisedaboutthe governmens’ ability to maintain
currengy value,speculatordeganto attackthe currenciesandexpectationdecameself-fulfilling.
Thailandwasthefirst to fall victim to speculatre attacks andsoonMalaysia,IndonesiaeandSouth
Koreafollowed. Weak financial structuresalsoreducedthe governnents’ abilitiesto respondo
the crisis. As notedin Fischer(1998),the marketstreatedcountriesin bettershapemorekindly
thanthosein worseshape.

Thereis along list of potentialvariablescausingthe Asian financialcrisis, especiallywhen
thosefactorsconcerningself-fulfilling and contagiouseffects are taken into account. However,
somevariablesarenot directly obsenableandusingpoor proxy variablescouldintroducesignif-
icantmeasuremergrror andcauseseriousproblemfor econometri@analysis. Thus,our analysis
focuson analysisof market fundamentalsExistingliteratureon financialcrisis often enlistmary
possibé factorsbut fail to identify the key ones. For example,from Tables2 to 6, it canbe seen
thattherehave beenexisting currentaccountdeficit since1990in thosecountriesseverelyaffected
in the crisis. Thus,someeconomistxonsiderprolongedcurrentaccountdeficit in animportant
causeof financialcrisis. In addition,insufficient foreignexchangeresene andgovernimentbudget
deficitarealsoconsideredispossiblecause®f financialcrisis.

Thevariablesconsideredn this paperareinflation rate,ratio of governnmentbudgetdeficit to
GDP growth rateof money supplyasmeasurdy M, ratio of foreignresene to GDP andratio of
currentaccountto GDP

In view of increasingsamplesizeandefficiency of analysis we usethe quarterlydata.By so
doing we pay the price of missng somepotentialvariables,suchasratio of interestpaymentto
GDR andshort-termdebtto GDP sincethey areonly availablein annualfrequeng.

3 Econonmetric methodology

3.1 Indicators of financial crisis

Theindex of crisiscanbedefinedeitherasacontinuousvariableor asabinaryone.For theformer,
it is oftenformulatedin termsof variability of exchangeaateandforeignexchangeaesene. As for
the latter, binaryindex is setto be oneif somekey variableexceedshe predeterminedhreshold
andzerootherwise.

In this paper we analyzethreecrisis indicators. Thefirst two indicatorsare market pressure
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index definedin termof nomiral andrealexchangeratesrespecitiely.

I = Aeifone, — Ari/oar,

—_ T
I, = Aej/one — Arifoar,

wheree,, e, r, arerespectrely thenominalexchangeate,realexchangeateandforeignexchange
resene ando standdor standardleviation. Thethird indicatoris definedto be oneif deviation of
I, exceedsl.5standardleviation of I; computecoverthewhole sample.

1 if I > 150

I =
3 {0 if I, <150

It is worth notingthatevenwhene,; andr, have beenstandardizedespectiely by their standard
deviations, numberof componentsncludedin the crisis index will affect its scale. Thus, the
thresholdvalueof theindex still needdo befurtherstandardized.

While abruptchange®f exchangeatesignalsthe outbrealof financialcrisis, preventive mea-
suresexhaustimg foreignreseresto protectexchangeratecanoftenresultin seriouseffectsonthe
economy This justfies including foreignresene asa componenbdf crisisindex while sometines
interestratesis alsoincluded.SeeEichengreenlRoseandWyplosz(1995)andKaminsky, Lizondo
andReinhart(1997)for furtherdetails.

3.2 StochasticSearch Variable Selection
Considerthe standardinearregressiormodel
Y, ~ N(X[8,07) 1)

whereX,, 3 aretwo kx1 vectors,Y; the explainedvariable,ando? varianceof theY;. The SSVS
putsa hierarchicalmixture prior on the regressioncoeficientsfor modelselection.Eachcompo-
nentg; of 4 is modeledasrealizationfrom a scalemixture of two normaldistributions:

Bilv; ~ (1 =n)N(0,77) +vN(0,c}77) (2)
Ply; = 1]=1-"Ply; =0 =w; 3)

(B, ;) areusuallyassumedo beindependentf eachotherthoughmoregenerakaseis possble.
To closethe model,oneneedso specifythe prior for o

o?|y ~ IG(vr/2,040,/2) (4)



or equialently,

Uv/\7/02 ~ X12;A, (5)

wherelG is inverseGammaand x? chi-squarewith degreeof freedomu,. +s is assumedo be
independentvith marginal distribution

fly) =Tpli(1 = p;)—") (6)

Thehyperparameters; andc; arerespecifiedo be smallandlargerespectrely sothatwhen
v = 0,8 ~ N(O,sz), B, is sosmallandit would suffice to excludez; from the model. When

v; = 1,6 ~ N(0, C?T]Z), hashigh probability to belarge andis betterto leave z ; in themodel.

SSVSusegheGibbsSamplerto computethejoint posteriory drawing sequentiailf from the
following setsof conditiorals:

By, 0,5 018, y5 V5V, B (7)

Where'Y(—j) - (rYla SRIPRS ¢ 5 PRe /NS PR 71’)

3.3 Computation procedues

Thecomputatbn proceduras asfollows.

1. ComputeOLS for full modelandthevarianceof estimatedesidualto initialize theiteration
process.

2. Updates?(X'X + 02D, ?)X'Y todraw
P(Blo?,7,Y) = N(X'X +0°D;*X'Y,0*(X'X 4+ 0>D;?)7")

whereD, is adiagonalmatrix of (1 — v;)7; + v;¢;7;. Choleslk decomposibn is neededn
this step.

3. Generatanultivariatenormalrandomvariate

B, ~ N[(X'X + 0°D; %) X"y, 0*(X'X + 0°D; %)

4. Updateo?

n+v |Y = X8 +vA

Po7?I,Y) = Ga(" .

)
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5. Updatey from Bernoullidistribution

P(v|B,7-4) = P

where

a = PPy =1P0-,7=1)
= P(Bl7-i,7% = 0)P(y-i,7 = 0)

Repeasteps3 to 5 until it corverges.

4 Empirical results

All dataarequarterlydatafrom the first quarterof 1987to the fourth quarterof 1997takenfrom
InternationalFinancialStatistics.Indonesiahasonly annualGDP andhasno quarterlyGDP. We
uselinear extrapolation to computequarterlydata. This is a simple way, not satishctorybut is
the bestwe cando. Our experienceshaws thatincluding quarterlyGDP aspossibé explanatory
variablewouldleadto noconvergenceasnumberof repetitionancreasesHowever, whenquarterly
GDPis only usedto computevariousratios,convergences achiesed.

Thailand Malaysia,IndonesiaPhilippines,SouthKoreaandTaiwanareincludedin themodel
selectionanalysis.All theseAsiancountriesareaffectedby thefinancialcrisisat varyingdegree.
The modelselectionresultsarereportedin Table7. The threehighestfrequeny of the selected
modelsareputat the secondcolumnof eachpanel.Considerthefactthatfor 6 variablesasin our
case,the numberof total possilbe sub-malelsis 64. Thusthe factthatall our top modelshave
selectedrequeny morethan3% seemdo supporttheuseof SSVS.

Fromthetable,we obsene thatusingall threecrisisindex indicatorsleadsto identical result
by selectinghesametwo crisispredictorsannualgrowth rateof M, andratio of governnentdebt
to GDP It is worth notingthatwhile theratio of total foreigndebtto GDP andtheratio of current
accounto GDP have sometmesbeenconsideredasimportantvariablesthey arenot selectedy
SSVS.Theratio of shortterm debtto total foreign debtmight be relevant but is not considered
heredueto lack of quarterlydata.

While our empiricalresultsappearguzzlingatfirst glance it providesaninsightonfinancial
crisisfrom differentperspectie. The M, growth rateandratio of governmentebtto GDP canbe
viewedasindicatorsof monetaryandfiscalpoliciesrespectiely. Theimplementationof monetary
andfiscalpolicieswill affectaggregatedemandandthenprices.In turn,changen pricesresultin



changeof termof trade,tradesurplusor deficit,andexchangerate. This explainswhy the growth
rateof M, andratio of governmentdebtto GDParemorefundamentathanothervariablesandare
selectedby SSVS.Furthermorejt is worth noting that differentgovernmentscanadoptdifferent
meando implementthe monetaryandfiscal policiesandthe resultingeffectscouldvary. Thisis
animportanttopic but is not pursuecheredueto limitationof dataavailability.

Our empiricalfindingsseemto provide a supportng evidencefor Krugman(1979),who ar
guesthatit is the continuousdeterioratiorof macroeconomitundamentalshatcauseghe finan-
cial crisis. Our empirical analysisalsoindicatesthatinappropriatemonetaryandfiscal policies
shouldbeheldresponsibléor financialcrisis. However, it is worth mentionirg thatwe do nottake
into accountthe self-fulfilling and contagiouseffects as pointedout in Calvo and Vegh (1999),
Sachs,Tornell and Velasco(1996) and Drazen(1996). Thus, the effect of non-macroeconomic
fundamentalgannotbe excluded.

5 Concludons

Economiss have proposedlifferentaspect®nthe cause®f thefinancialcrisisandthis papercon-
centrateon market fundamentalsBy emplgying SSVSmethod,we concludethatannualgrowth
rateof money supply M,, andthe ratio of governnmentdebtto GDP are promising predictorsfor
financialcrisis. It is worth mentianing thatthe frequentlymenticmedfactors,suchasratio of total
foreign resene to GDP andthe ratio of currentdeficit to GDP are not selectedby our analysis.
Our empiricalanalysismpliesthatmonetaryandfiscal policy play a crucialrole in exploring the
Asianfinancialcrisis.

While therearefew Bayesiananalysison financialcrisis, our analysisis by no meanscom-
plete.We have notyet considereadontagioreffect which is animportantaspecof financialcrisis.
Also, the out-sampe forecastingperformancef selectedtrisis predictorhave yetto be studied.

A detailedcomparisorof our predictorswith thosein the literaturewould be interestingand
desere further invegigation. In addition, it would be interestirg to apply the sameanalysisto
morecountriesandto higherfrequeny data,suchasmonthlydata.
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Tablel: Exchangeates

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 1.77 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 7.73 141 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, InternationaFinancialStatistics
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Table7: SSVSModel selectiorresults

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

Selectionpercentagéor any specificmodelis measure@stheratio of numberof replications
suchthatthe underlyirg modelis choserto total numberof replications

Xy
Xo:
Xs:
Xy
X5.
Xs:

Constant
CPI(Rate)
M,(Rate)
Debt/GDP
Balance/GDP
Resere/GDP

16




