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Abstract

The paperproposes new disequilibriumapproachto modelinginternationalcapital
mobility for a dynamicmulti-region generalequilibriummodel. Key to this approactare
errorsin investors’assessmentsf potentialreturnsto capital— suchasthoserecently
obseredin Asia. Theinvestmentheory compatiblewith asimplerecursve solutionpro-
cedure ensureshe corvergenceof themodeltowardsa stableequilibrium, bringsrealism
into the analysisof internationalcapital mobility andflexibility in tailoring to empirical
data. The paperdiscusseswo numericalexamples,demonstratinghe long-run conver
genceof themodelandthe dynamicadjustmento a deeperlongercrisisin Asia.
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1 Introduction

The Asian financial crisis, which beganin 1997 andwhich is still playingitself out, resulted
in aheightenedwarenes®f theneedto understandjlobaleconomidinkages.Virtually every
countryin the world hasregisteredconcernaboutthe crisis’ potentialimpacton their econ-
omy. The rangeof modelingtools available for the analysisof this economicphenomenon
extendfrom multi-region partialequilibriummodelsto globalmacroeconomienodels.Multi-
region partial equilibrium and single-rgjion generalequilibrium trademodels,while appro-
priate for sometypesof analysescannotadequatelycapturesectoraland regional linkages,
respectiely. This seriouslyunderminesheir capabilityto modelendogenouslyhe effect of
economigohenomenan factormarkets,andinternationatradeandcapitalflows, respectiely.
Static,multi-region generakquilibriummodels(HertelandTsigas,1997)overcomehesdim-
itations. The useof thesemodelsfor economicanalysishasbecomecommonpracticeoverthe
years.Morerecently thesemodelshave alsobeenusedfor conductingcomparatre—statigro-
jections,basedon shocksto endavmentsandtechnology(Arndt et al., 1998). However, these
comparatre-staticmodelsoffer little macroeconomidetail,do not producetime pathresults,
anddo not distinguishbetweershort-runandlongerterm outcomes Therefore thesemodels
areof limited usein studyingeconomicphenomenauchasthe EastAsian crisis. Macroeco-
nomic models,on the otherhand,aredesignedo predicttheimpactof financialphenomena.
Thesemodels,however, lack the sectoralandregional detail necessaryo studythe economy-
wide implicationsof thecrisis. Giventhattheeffectsof the EastAsiancrisiswould befelt over
the courseof severalyears,andthattheseeffectswill differ acrossndustriesandeconomies,
the study of this type of economicphenomenavarrantsa dynamicgeneralequilibrium ap-
proach.

Despitethefactthata numberof dynamicmulti-region appliedgeneralequilibrium (AGE)
modelsarein usetoday only very few of thesemodelsincorporateinternationalcapital mo-
bility adequatelyThe GREENmodelof Burniauxet al. (1992)andMerceniers intertemporal
multi-country multi-sectormodel (1995) do not permit internationalcapital mobility. The
G-Cubedmodel of McKibbin and Wilcoxen (1998) overcomesthis limitation. Martin and
McKibbin (1998) and McKibbin (1998) have recentlyusedthis modelto studythe implica-
tions of the EastAsian crisis. The model offers both the dynamicmacroeconomideatures
of the MSG2 modelby McKibbin and Sachs(1991)andthe disaggrgated,econometrically-
estimatedyenerakequilibriummodelof the U.S.economyby JoigensorandWilcoxen (1990).
Therationalexpectationsassumptiorandthe equilibrium natureof the G-Cubedmodel,how-
ever, areinconsistenwith the disequilibriumnatureof the EastAsian crisis, which revealed
errorsin investors’expectationsabouttheregion’s economicgrowth.

This studycontributesto the existing literatureby offering a new disequilibriumapproach
to modelinginternationalcapital mobility. With this approachinsteadof changingthe data
to fit the model, asrequiredin modelswith rational expectations the theory of the model
accommodatesmpiricalfactsasobsened in the currentworld economy We shav thatthe
disequilibriummodel developedin this study hasgood stability propertiesand corvergesto
a long-run equilibrium. Key to our disequilibriumapproachis a new investmenttheory of
adaptve expectationghatemphasizemternationakapitalmovementsanderrorsin investors’



assessments potentialreturnsto investment.In addition, this practicalapproactto model-
ing internationalcapitalmobility permitsa simplerecursve-solutionprocedure.This greatly
facilitatesits usewith highly disaggrgatedmodelsof theworld economy

We testthe empirical performanceof the model by simulatingthe dynamicadjustment
to a maginally deeper longer crisis in EastAsia. For this purpose,we introducethe new
disequilibriumtheoryof investmeninto an existing staticglobal AGE model, GTAP (Hertel
andTsigas,1997). Theresulting,dynamicglobal AGE modelusesthe new investmentheory
while preservingother featuresof GTAP, amongwhich the sophisticatedepresentatiorof
consumedemandsnda supplysidethatemphasizetherole of inter-sectorafactormobility
in the determinatiorof sectoraloutput. This modelcan,therefore beimplementedoy adding
minimumadditionaldatato the publicly available GTAP database(McDougall,1997)

2 Themodd

A seriouslimitation of forward-lookingintertemporaimodelsin the context of modelingthe
EastAsian crisis, is the assumptiorof investors’perfectforesightof returnsto capital. The
developmentsn EastAsia suggesthatinvestorshave not foreseercorrectlyreturnsto capital.
The crisis-afectedregionsin Asia experienceda severe credit crunchasinvestorswithdrew
investmenfrom theregion, acknavledgingerrorsin their expectationsandadjustingtheir ex-
pectationsn adownwarddirection. In deferenceo this empiricalreality, this paperacknavl-
edgesthe importanceof errorsin investors’expectationsandintroducesa novel investment
theoryof adaptve expectations.

The introductionof internationalcapital mobility involvesexplicitly keepingtrack of re-
gionalcapitalstocks which accumulatehroughtime giving riseto medium-rungrowth effects
referredto by Baldwin (1989)asaccumulatioreffects. Sincethereallocationof capitalacross
regionsaffectsaggreateregionalwelfareandwealth,to obtainvalid welfareresultsthemodel
keepstrackof capitalownership.

Equity in domesticenterprisesand equity in enterprisedocatedin foreign regions com-
priseregionalwealth. Overtime regional savings, which areafixed shareof income,augment
regionalwealth. Dueto anabsencef dataon bilateralinvestmenflows, we do not modelbi-
lateralequityownership jnsteadve assumehatregionalhouseholdfvestabroadvia aglobal
investmentrust. Theglobaltrustcollectsthe savingsthattheregionalhousehold$iave chosen
to investin foreignregionsandinveststhesefundson their behalf. Theinvestmentheoryde-
termineshow thetrustallocatefundsacrosgegions.

Sinceregional household®arnincome, not from the capital stockthey harbor but from
the capitalstockthey own, the modeltakesinto accountseparatelyf capitalandwealthaccu-
mulationby region. Thetotal equity of the domesticeconomyconsistsof equityin domestic
enterprise®wnedby domestidnvestorsandequityin domesticenterprise®wnedby foreign
investors.

We assumehat eachregion specializesn its own assets. The compositionof regional
wealthanddomestiacapitalchangeasneededo beconsistentvith thelevel of regionalsavings
andinvestmenteterminecelsevherein the model. We do not distinguishbetweendebtand
equity investment.All foreignfundsareusedfor the purchaseof physicalinvestmenigoods,
which arethenaddedto theexisting stockof physicalcapital.

2.1 Adjustment costs and regional demand for investment funds

In eachregion, thereis aninvestmenfirm ownedbothby domesticandforeignresidentsThe
firm providescapitalto all industriesin a region and earnsrent on the capital servicesK it
supplies.Domesticandforeignresidentsnvestin theregion throughtheinvestmenfirm; i.e.,
they buy capitalgoods,/. Following the adjustmentostmodelsof Lucas(1967), Treadvay
(1969)andUzawa (1969),we assumehatthe investmeniprocesss associateavith wasteof
someof thepurchasedvestmengoods.Thiswasteoccurseitherduringor beforeinstallation.

We adoptUzawa’s approachby assuminghat the per unit costof installationis a linear
functionof investmenainddepend®n therateof investment / K. Thereforeyegionalinvest-
mentadjustmentostsC' are:

O /1
=2 (7) 1, (1)

2 \K

wheresuperscript denotesxpectations;r is the price of capitalgoodsmeasuredn dollars;
capitalstock K andinvestmengoods/ aremeasuredn the sameunits; andthe parameted
is a constanwith respecto time.

Theinvestmenfirm maximizesintertemporaprofits:
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s.t.
K(t) = 1(t) — 6 K(1). -

Thevariableq is therentalprice of capitalin dollarterms, P is the price of raw capitalgoods,
andR is adiscountfactor We assumehatcapitalhasthesameproductive characteristica/hat-
everits age.Capitalchangesccordingo therateof fixed capitalformationanddepreciatest
afixedgeometriaate. Thediscountfactorof the objective functionis:

Rs = % /ts ré(v) dv, (4)
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wherer determineshetime rateof preference.

ThepresentwalueHamiltonianof this problemis:

H = ) = PO = 700 () 16) 4+ M(16) = Km0, 9



with first-orderconditionsgivenas:
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Usingequation(6), omitting the superscript andthetime index s for corveniencewe obtain
thefollowing expressiorfor theinvestment-capitalatio:

I X-P
K 7d ©)
Whencombinedequationg7) and(9) leadto thefollowing equationof motion:
: & (A—P)°
Usingthefirst ordercondition(6), we have for the price of capital\:
1
A=P+7d—. (11)

K

Under myopic expectationsof the investmentfirm aboutthe price of capital (i.e., A = 0),
equationg10) and(11) leadto thefollowing expressiorfor the grossrateof return?

g+ 5m(I/K)?
P+ onl /K

Thenumeratoiof (12)is capitalearningsn the presencef adjustmentosts.In additionto the
rentalrateearnedoy installedcapital,thereis amaiginal benefitdueto adeclinein adjustment
costsasa resultof installingonemoreunit of capital. However, the rateof returnexpression
excludescapitalgains.

P4 = 12)

Equation(12) representshe demandor investmenfunds. The proportionatechange(de-
notedwith a“hat”: ) form of thedemandor investmenfundsis:

r+6=AG—P)—al/K, (13)

whereA = 1/(1+ .5®(1/K)?) < 1. In thespecialcasewhereA = 1, thereareno adjustment
costs(® = 0). More generally A is a function of the investment-capitalatio andadjustment
costs,anda is theelasticityof the rateof returnwith respecto theinvestment-capitaiatio.

It canbe showvn thatadjustmentostsalonecannotsatisactorily determinecapitalalloca-
tion in a multi-region model(lancharichina, 1998). A theoryspecifyingthe supplyof invest-
mentfundsis required.Next, we proposesuchaninvestmentheoryof adaptve expectations.

1Thetheoryimpliesthe equalitybetweerthetime rateof preferencendthe netrateof returnto capital.
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2.2 Adaptive expectations and regional supply of investment funds

In eachregion thereis atarget (gross)rateof return R,. We definethetargetrateof returnas
the global rate of return,which clearsthe marlet for global investmentfunds, adjustedby a
region-specificrisk premium? Investmensuppliedto eachregion is suchasto achieve some

requiredrateof growth " def R/R in therateof return:

dl = A(R, — R.). (14)

whereA is a parametedeterminingthe speedof adjustmentn the expectedrate of returnto-
wardsthe tamgetrate and R, is the expectedrate of return? Sinceinvestorstypically expect
to derive returnsover someconsiderablgeriodof time, they areconcernedot only with the
rateof returnatthe momentof investingfunds,but alsowith therateof returnthroughthelife

of theasset.Therefore,it is the expectedreturnin future periods, R., not the actualreturnto
whichinvestorsrespond.

Therateof returnandcapitalstockin aregion arerelatedvia theactualinvestmenschedule
(A) shownin Figurel:
R, [K1]7*
e 15
Ry {l\’ I ’ (15)
Differentiationof this equationwith respecto time determinesheactualrateof growth in the

rateof returnT’, (déf R./R.). The pairsof referencecapital and (gross)rate of return (K I

Ry) andactualcapitalandrateof return(i, R,) determinehepositionof andalongtheactual
schedulg(A), respectiely. The elasticity of schedulg/A), ¢, determineghe responsef the
actualrateof returnto changesn the capitalstock.

To determinethe regional compositionof investmentwe imposeequalitybetweerthe ac-
tual andrequiredratesof growth in therateof return. Thus,I” variesinverselywith theactual
rate of growth in the capital stockanddirectly with the normalrate of growth in the capital

stock(: .
1 (1

The normalrate of growth in the capital stockis this rate of growth in the capital stockthat
allows the rate of returnto remainconstanthroughtime. If thereis a discrepang between
the estimatedandthe normalrateof growth in capitalstock,2 will changeasspecifiedby the
following equation:

Q=1 (R’ + % - th) ) 17)

This relationshipis suchthat the normalrate of returnadjuststowardsthe estimatedate of
growth in capitalstock K + R, /¢ ataspeeddeterminedy the parameter,.

2In the absencef risk premia the targetrateis uniform acrossegions.
3Theoperatorsi and” denotea changeanda proportionatechangerespectiely.



Investors’expectationsre”sticky” or "sluggish’ Whentheobsenedrateof returnchanges,
investorsare unsurewhetherthis changeis transientor permanent.They adjusttheir expec-
tationsof future ratesof returnonly with alag. At first investorsmake a small adjustment,
thenif the changen the actualrate persiststhey make further changesn expectationsuntil
eventuallythe expectedrateconformsto the obseredrate?

R. = —¢(K — Qdt) — ulog%dt. (18)

We derive equation(18) by proportionatelydifferentiatingthe expectedinvestmentsched-
ule (E). This scheduleanalogouslyto the actualone (A), describedn mathematicaform by
(15), hasthefollowing form:

-1-¢
Re [1& } (19)

Ry K

Figure 1 shaws that the actualand expectedinvestmentschedulesliffer reflectingthe errors
in investors’ expectation. The pairs of expectedreferencecapital stock and rate of return
(K¢, R$), andcapitalstockandexpectedrateof return (K, R.) determinethe positionof and
alongthe expectedscheduldE).? To allow expectationdo adjustandthe expectedscheduldo
move towardsthe actualone,changesn K'; depencbn changesn €2 andtheerrorin expecta-
tions measuredy the deviation of R, from R,. Equivalently, theerrorin expectationreflects
the deviation K, the capitalstockconsistentvith the obseredrate of return R,,, the capital
stock K, andthe expectedrateof return R, from the obsered capitalstock i’

Equationg14), (16), (17) and(18) comprisetheinvestmentheoryof adaptve expectation
anddetermineregional supply of investmentfunds. Theseequationstogetherwith equation
(13), determineregionalinvestmenin the dynamicmulti-region model.

2.3 Stability conditions and dynamic properties

This sectionstudiesthe dynamicpropertiesof the proposednodelandcharacterizegs equi-
librium. We show that the modelwith adaptie expectationanovestowardsan equilibrium
definedby the sameconditionsasthosefor the problemof the investmentirm (equationg?2)
and(3) in section2.1). We show alsothat,whenachieved, this equilibriumis stable.

2.3.1 Stability conditions

Equation(10), which we derived from the first orderconditionsof the problemof the invest-
mentfirm, canberewritten alsoas:

2 2

. 2 P 2
)\+27rq)7(7+<>+7r—(b))\+q+2ﬂ)70. (20)

We rewrite this equationknown asa'Riccati’ equationas:
%+a)\2+b>\+c:0, (21)

4lanchorichina (1998)providescompletederivationsof theseequations.
5We assumehatinvestorsareableto correctlypredictcapitalstocks but not ratesof return.
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wherea = 1/(27®), b = —(r + § + P/(7®)) andc = ¢ + P?/(2r®). The 'Riccati’ equa-
tion canbe solved by reducingit to a secondorderhomogeneoudifferentialequationvia the
transformation: = ¢/ * 4t (Green,1984):

d?u du

- u= 22
dt2+bdt+acu 0, (22)
Thefollowing formulaspecifieghetransformatiorthatallows usto retrieve A, oncewe obtain
asolutionto equation(22):
= (o) (23)
- \au/ dt’

We find the solutionto (22) by solvingthefollowing equation:
m?+bm+ac=0. (24)

Dependingon the rootsof this equation differentsolutionsto the 'Riccati’ equationare ob-
tained. We shaw that only the caseof a zero discriminantleadsto a feasible(sustainable)
solutionunderthebasiceconomicassumptionsin this casethepriceof capital\ depend®nly
on prices,andundermyopic expectationf theinvestmenfirm aboutprices,requiredby the
iterative solutionprocedurejs constanthroughtime.

Thus,in equilibrium,thefollowing systemof equation®f motionis satisfied:

AN =0, (25)
I/K = 0. (26)

Usingthefirst orderconditions(6), (7) and(8), we obtainthefollowing equationf motion:

2

5= eron-a-ra (L) (27)
= (ern-a-n?), (28)

wherev denotesheinvestment-capitahtio // K. To characterizéheequilibrium,welinearize
the systemof equations(27) and (28) in the neighborhoodof the steady-stateequilibrium
(X, v%):

A= —adut (v — ) + (r+0) (A — N, (29)
b= o)+ 7:1)% — ). (30)

Thecharacteristiequationassociateavith the systemof equationg29) and(30) is:

g i

7D —
det —7dv® r+0—=x 0,

oralso
z(z+v°—r—14)=0. (31)
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Therootsof thisequatiorarez; = 0 andz, = r + 6 — v°. In thiscasethesolution(v(t), A(t))

movesaway from the equilibriumunlessv(0) = v® andA\(0) = X*.5 Thus,unlesstheinitial

stateis the steadystate,which typically is not the casein empirical situations,the problem
of theinvestmenfirm leadsto anunstablesolution. The next sectiondiscussefiow adaptie
expectationshelpin resolvingthis problem.

2.3.2 Dynamic properties of the model

This sectionshavs how adaptve expectationcangraduallymove themodelfrom thedisequi-
librium in theinitial yeartowardsthe steady-statequilibrium, definedby conditions(25) and
(26). Onceachiezed,we shav thatthis equilibriumis a stableone.We startwith anillustration
of theadjustmenprocessNext we discusshe equilibriumconditionsin the model.

Supposehatin theinitial period,in a givenregion, the actualrate of return R, is above
thetamgetrate R, andthe expectedrate R., asshavn on Figure1l. Wheninvestorsrecognize
the differencebetweenexpectedandactualratesof return,the expectedrateof return R, will
increasevia equation(18). Thereis anupwardmovementalongtheexpectednvestmensched-
ule (E) andadeclinein thelevel of capitalstock. This movementis accompaniedby a shiftin
the expectedinvestmenischedulgE) towardsthe actualone (A). The magnitudeof the shift
is determinedby the normalrate of growth in the capital stock) andthe discrepang of the
expectedandactualratesof return. Simultaneouslyequation(14) suggestshattherewill bea
negative changen the requiredrateof growth in therateof returnT’. Via equation(16), this
impliesanincreasen investmenin theregion andadeclinein R, towardsthetargetrate R;.
The normalrate of returnto capitalcontinuesto be positive, but declinesat a decreasingate
asthe movementof the expectedschedulg19) towardsthe actualone (15) slows down over
time.

As R, corvergesonto R, and R, corvergesonto R;, the expectednvestmenschedulgE)
overlapswith the actualschedulgA). This requiresnotonly R, to equal ., but alsothe nor-
mal rate of growth in capitalstock ) to equalthe actualrate of growth in capital K. If this
is notthe case schedulgE) will overshoot(A), andonly aftersometime it will startmoving
back. Thistypeof oscillatingbehaior will extendtheprocesf corvergence.

The equilibriumin our modelis characterizedy equality betweenthe constantin equi-
librium expected,actualandtamget ratesof returnand constanthormalrate of growth in the
capitalstock:

R. = Ry= R, (32)
QO =100=0 (33)
R. = R, =R,=0. (34)
Theseconditionsin turnimply:
dr = 0, (39)
w = 0, (36)

SKamienandSchwartz (1981)provide furtherdetail on this topic.
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Usingequationg35), (36) and(16), we obtainthefollowing equilibrium condition:
I

K= (37

Assumingmyopicexpectationof theinvestmenfirm aboutthe price of capital,we obtain:
A=0. (38)

It canbeshawvn thattheseconditionsin turnimply constantnvestment-capitattio: (1 /K ) =

0 + Q°, whereQ)®* = 0. To determinewhether()® is zeroin the steady-stateye considerequa-
tions (34) and(17). Theseequationsmply that K /K =  or thatthe normalrateof gronth
in the capitalstock equalsthe actualrate of growth in the capital stock. Let us assumeor a
momentthatQ)® is constanandpositivein value. Thisimpliesthatin thesteadystateall factors
exceptcapitalarefixed. This, in turn, impliesthat capitalis growing at a higherratethanin-
comeandthedepreciation-to-incomeatio is rising. Sincewe have assumea fixed propensity
to save, the savings-to-incomaatio is fixed. Netinvestmentwhich is determinedy savings,
is thereforealsoa fixed shareof income. This suggestshatthe netinvestment-to-incomea-
tio is declining,or in otherwordsthatthe normalrate of growth in capitalstockis declining
overtime. This, however, contradictsour assumptiorof constaniandnon-zeronormalrateof
growth in the steady-stateThus,2* mustequalO.

Conditions(37) and(38), characterizinghe equilibrium of the modelareexactly the same
asconditions(25) and (26), characterizinghe equilibrium solutionto the problemof thein-
vestmenfirm. Themechanisnof adaptve expectationensureshatthe modelmovestowards
this equilibrium. Section2.3.1shaws thatthis equilibriumis stableonly whenthe modelhap-
pensto bealreadyin equilibrium. Thisimpliesthatoncethemodelreacheshis equilibrium, it
will remainthere.Typically theinitial datado notrepresenthe equilibriumstateof the model.
Therefore,the mechanisnof adaptve expectationantroducesnot only realismin investors’
behaior, but alsoensureshetransitionto asteady-statequilibrium(Q* = 0 and(//K)* = ¢)
in thelong-run.

We testthe long run propertiesof the modelover a hundredyearperiod. We usea three-
regionaggregationof version3 GTAP databasgMcDougall,1997)featuringthe United States
(USA), the EuropearUnion (E_U) andall otherregionsaggregatedinto arest-of-world region
(ROW). Using the GEMPACK suite of programs(Pearson;1991), we solve the modelin an
iterative fashion. The solution consistsof a sequencef resultsrepresentingearly percent-
agechangesn variables.We usetheseto constructtime profilesof variables.The simulation
representshe changesn the threeeconomiesoccurringsolely dueto the passagef time. It
depictsthe movementfrom theinitial disequilibriumdata(1992)towardsa long-runequilib-
rium (2091).For simplicity, we assumezeroregionalrisk premiaandzeroadjustmentosts.

Figures2 and 3 show the corvergenceof the regional ratesof return R, towardsthe tar
getrate R;, andthe eliminationof errorsin expectationdog(R./R,) over time, respectiely.
Figure 4 displaysthe normalrate of growth in the capital stock 2 in its movementtowards
0 over the long-run,while figure 5 demonstratethe processof adjustmentowardsconstant

9



investment-capitaiatios. Thethreefiguressuggesthatstability conditions(32), (33),and(34)
aresatisfiedovertime.

Theinitial data(1992)revealregionaldifferencesn ratesof return, R, (Figure2), normal
ratesof growth in capital() (Figure4), investment-capitaiatios/ / K (Figure5), aswell assiz-
ableerrorsin expectationsdog(R./R,) (Figure3). In short,thebenchmarldatabasedepictsa
world in disequilibrium.

Figure 3 suggestghatin 1992 investorsunderestimatedeturnsto capitalin the United
Statesandthe restof the world and overestimatedeturnsto capitalin the EuropeanUnion.
As investorsrealizetheir errorsin predictingthesereturns,they adjusttheir expectationsn
an upward directionin the caseof the United Statesand the rest-of-world region, andin a
downwarddirectionin the caseof the Europearinion (via equation(18)). As aresult,invest-
mentin the United Statesandthe restof theworld increaseswhile investmentn the European
Union declines(via equationg14) and (16)). It takesapproximatelyl2 yearsfor the model
to eliminateerrorsin expectationandinterregionaldifferencesn ratesof return(equilibrium
condition(32)). However, sincetheremainingtwo equilibriumconditions(33) and(34) arenot
satisfiedin 2004, this is only atemporaryequilibrium. Positve andnonconstanf2 (Figure4)
impliesthatthe expectedinvestmenscheduldE) will overshoothe actualone(A), andover
time will startmoving back. We obsenre this type of oscillatingbehaior on Figures2, 3, 4,
and5 around2004. Only afterfurtherreductionin 2 via equation(17), leadingto a reduction
in the investment-capitatatio // K via equation(16), the modelwill permanentlyeliminate
errorsin expectationsandinter-regional differencesn ratesof return.

3 Empirical performance: economic crisisin East Asia

The modeldevelopedin section2.2 is alsoan ideal framenork allowing us to studythe dy-

namicsof adjustmentsectoralandwelfareimplicationsof the EastAsian crisis. This section
discussesn illustrative numericalexampledepictingthe dynamicsof adjustmentwith this
modelto amamginally deeperlongercrisisin EastAsia. Sectoralndwelfareresultsareavail-

ablefor this applicationin lanchwichinaet al. (1999). However, we do not presenthesehere
asthey do not pertainto the mainfocusof the paper theinvestmentheoryof the model.

Our baselinesimulation,basedon a macroeconomiscenarioof the World Bank (1998),
portraysthe recentAsian crisis andcapturegherisein unemplgyment;the impairmentof re-
gional capitalmarkets; the sharpincreasen tradebalancesn EastAsia 5 (Korea,Indonesia,
Malaysia,Philippines andThailand)andJaparaccompawing thecrisis; the high expectations
of potentialreturnsin EastAsia before1997,andthe subsequentlrop in expectationasin-
vestorsrealigntheir expectationsvith theactualreturnsin theregion (e.g., Figure6). We then
comparethis baselingo analternatve simulationof alonger deepeAsiancrisisresultingin a
percentag@ointlowerannualGDP growth ratesin EastAsia 5 thanthebaseline Thecrisisis
deeperueto furtherimpairmentof regional capitalmarkets,a larger declinein employment,
anda continueddeclinein investmenin the EastAsia 5 relative to the baselineover the near
term (1999). The crisisis longerdueto slover employmentrecovery and subsequentower
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factor productvity in the five EastAsian economiegelative to the baselineover the longer
term (2010).

The deepeningf the crisistranslatesnto animmediatedeclinein theregion’s actualrate
of returnR, in 1998(Tablel). This signalsaslovdown in theeconomycapturedy anegative
changen theestimatedateof growthin capital X + ﬁa/@, leadingto adropin thenormalrate
of growthin capitalQ viaequation(17),andtherebyadeclinein investmenft viaequation(16).
Sinceinvestors’expectationsaresticky andadjustonly slowly to changesn theeconomythe
expectedrateof return R, doesnot declinein this first periodof the deeperlongercrisis. By
2001,investorshave realizedthatthe crisisis deeperndlonger They have adjustedheir ex-
pectationsn a downward directionvia equation(18). The lower expectedrate of returnand
thefurtherdeclinein the estimatedateof growth in capital,resultin a sharpannualdeclinein
investmentof 6.67 percentaggointsfrom their baselinelevels via equationg18), (17), (14)
and(16). Consequentlyequation(3) translateshis declineinto anannualdeclineof 0.66per
centagepointsin the capitalstock X'. Thedeclinein investmentandcapitalis deepenoughto
resultin anincreasingateof returnbetweer2001and2004(Figure7). This, in turn,implies
slower declinein investment.Thus, afterthe initial sharpcumulative declineover the period
1998-2002jnvestmentn EastAsia5 resumesn 2002resultingin asmallercumulatvedecline
in investmentafter 2003. Lower productvity for the period2001-2010however, impliesthat
grossinvestmentin theregionis goingto remainbelow its the baselindevels throughoutthe
simulationperiod. Indeed,after 2004, we obsenre larger cumulative declinein investmenin
Thailand.

By 2010, the normalrateof growth in the capitalstock hasreducedsubstantiallyandthe
expectedrate of returnhasadjustedtowardsthe actualone. The deeperlongercrisis affects
negatively ratesof returnto capitalin Koreain thelongerterm (2010). Figure7 suggestshat
the crisisleadsto a cumulative declinein actualratesof returnin Thailandandthe otherfour
EastAsian economief slightly lessthan one percentagepoint relative to the baselineby
2010.Consequentlyinvestmenin Thailandslows down, andby 2010it is 17%lower relative
to thebasecase Via the capitalaccumulatiorequation(3), thedeclinein investmentasasig-
nificantimpacton capitalstocksin EastAsia. By 2010,figure 7 shavs acumulatve reduction
of capitalin Thailandof around9 percentag@ointsrelative to thebaseline.

Over the courseof the simulationperiodendingin 2010, capitalinflows in EastAsia and
JapanarearoundUS$188billion (in 1992 prices)lower thanthe basecase.This leavesmore
capitalto accumulatén otherregions driving down theworld rateof returnandratesof return
in all regionsotherthanEastAsia5 andJaparby about.2 percentaggointsfrom theirbaseline
levelsin 2010.

"BusinessWVeek (1999)reportsthat despitethe declineof portfolio investmentsn Latin Americadueto the
spillover effectsof the crisis andthe perceptiorof high risksin thesemarlkets,large inflows of directinvestment
have beenobsened cominginto Latin America(Katz, 1999). This directinvestmenis an outcomeof memgers
andacquisitionsasthe large multinationalcompaniesrelooking to strengthertheir positionsin foreign markets
otherthanEastAsia.
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4 Concluding remarks

The featurethat distinguisheghe dynamicmulti-region multi-sectormodel, proposedn this
paperfrom otherdynamicglobal AGE modelsis its disequilibriumapproactio modelingcap-
ital mobility. Centralto this new approachs the assumptioraboutthe adaptve expectations
of investorssupplyingcapitalto the regions. This assumptioncompatiblewith a simplere-
cursive solution procedure ensureghe stability of the modelover the long-run. In addition,
the investmenttheory of adaptve expectationsbringsrealisminto the analysisof economic
phenomenauchasthe EastAsiancrisis. The modelobsereserrorsin investors’expectations
aboutpotentialreturnsto investmentwhile offering flexibility in accommodatingo empirical
data. Despitesomelimitations of this model,suchasthelack of equity-fordebtsubstitution,
bilateraldetailandshort-rundynamicsin employment,the modeloffersa uniquetreatmento
modelinginternationakapitalmobility in adynamiccontext. It capturestheeconomy-wideef-
fectsof capitalandwealthaccumulationandtheincomeeffectsof foreignpropertyownership.

We illustratedthe new disequilibriumtheoryof investmentvith two numericalexamples.
Thefirst onedemonstratedhe long-runcorvergenceof the model. The secondexamplede-
picted the dynamicsof adjustmentto a mamginally deeper longer crisis in EastAsia. We
showved that the crisis affects negatively the productvity of the EastAsian economiesn the
nearterm (1999)causinga declinein therateof returnto capitalin EastAsia 5, followed by
aslaowdown in theseeconomiesandtherebya declinein investmenin EastAsia 5. Realizing
thatthe economie®f EastAsia 5 have sloweddown, investordower their expectationsabout
potentialreturnsin the region, andtherebyleadto further declinein investmentin thesere-
gions. World costof capitaldeclinesin the restof theworld, ascapitalaccumulatest higher
ratesthanthe basecasen regionsotherthanEastAsia 5.
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g P Tablel: YearlyChangesn Selected/ariablesDueto a Marginally DeeperCrisisin Thailand

Year R, R, R, 1 K w
1998 0 -0.62 0.30 -0.04 0 -0.19
2000 0 054 -1.13 -6.67 -0.66 0.25
2008 -0.01 -0.03 -0.05 -1.19 -0.72 -0.02
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