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1. Introduction

Thatcoll apsing exchange rates can pcse athred to econamic and socia stability in a
country is something you hardly haveeiglain these days. Recant financia crisesin
South-EasAAsia and before that in Latin America and Europe, have madeit very clea
thatthe aash of afixed exchangerateregime can have significant, negative dfedson
thered econamy. Therefore, the importance of determining what causes the wll apse
of fixed o otherwise mntrolled exchange rates is obvious. To adieve the latter,
however,it is of primary importance to knov why controlled exchange rates are
introduced in the first place and how they are maintained.

It isoften argued that controll ed exchange rates are agoodthingto control inflation
rates,stabilize eonamic growth and to stimulate international trade by deaeasing
exchangeaterisksfor traderspartners. A lot of courtriesall over theworld are dtraded
tothese patential benefitsandfix or pegtheir currency against one of theworld’ smajor
currenciesor a basket of several currencies. To make such a regime sustainable,
however, serious fiscal and monetaicy suppat is neaded. Since most currencies
aretraded world wide on international capital markets, credibility and quality of the
economigodiciesof a curntry areof crucia importancefor the survival of an exchange
rate system.

Good emnamic condtions and faith in solid econamic padlicy in the future ae
importantfadors for an investor to determine how reliable it isto invest in a cetain
currency.Investorsthat do nolonger have mnfidencein the e@namic perspedives of
acourtry, will fea afuture dropin the value of that courtry’s currency and will move
their capital to ather assats (often ather currencies) with lessexpeded risk of losing
valueinthefuture. Thisleadsto alargeincreaseinthe supgy of a aurrency andadrop
in demand for that currency and, as a results of that, a deaeese in the price of that
specific currency. Since such a devaluation d a currency can have seriously
destabilizingeffeds ona courtry’ seconamy the government of that courtry will try to
developcredible pdlicies that give investors confidence dou the future e@namic
performanceof the wurtry and the government’s commitment to stabilizing the
exchange rate.

To fix an exchange rate or to control the rate of domestic currency depredationthe
monetaryauthority of a amurtry hasto pusue aspedfic exchange rate pdicy. Thisis
mainly dore by controlli ngthe domestic money market conditi ons. Throughthe money
marketagovernment or central bank has sveral waysto fix or peg the exchange value
of its currency. If the financia markets in a courtry are properly functioning it is
possibleto use open-market operations, intervention in the forward exchange market,
direct operations in foreign assets and changes in the commercial bank reserve
requirements to defend the exchange parity.



Whena ountry has a fixed exchange rate regime or a regime of currency that
depreciatest a predetermined rate, a aawling peg, then foreign exchange market
participantswill take that into consideration when forming their future expedations.
Theywill understandthat the exchangerateregimewill be maintained aslongasit does
not conflict with ather, more important, ecnamic padlicies or pdliticd constrains. If
investorsbelieve that the exchange rate regime will be dtered eventualy, they can
precipitate severaventsthat test the aedibility of the commitment and the aility of
themonetary authority to defendthe exchange rate regime. Thisisdore because dl of
the pdicy instruments avail able to the monetary authority have only limited pover. A
countrywith an overvalued red exchange rate and excessdomestic credit credioncan
only adhievemoney market equili brium through df settingreductionsinthe central bank
foreign reserves or by adjusting the exchange rate. If a @urtry tries to prevent its
currencyfrom depredating it might find itself runnng ou of foreign reserves and
reaching it'sbarrowing limits. However, aslongas foreign exchange reserves remain
in pasitive suppy, monetary authoriti es can succeel in sustaining afixed exchangerate
regime through the purchase of domestic currency and sale of foreign exchange
reserves.

Butif speaulators percave that an attadk onthe foreignreserves of the central bank
canforce the exchange rate regime to be dandored, they will attadk the domestic
currency By deletingtheforeignreserves of the cantral bank the speaulative atadk will
eliminatethe central bank's ability to defend it’s overvalued currency and force a
realignmenbf the exchangerate. Thisredi gnment cantaketheform of either adiscrete
devaluatiorof a controll ed exchangerate or aswitch to afloatingexchangerateregime.

So,if international investors are asumed rational and efficient, one would exped
that the collapse of controlled exchange rafffmes can be explained on kases of the
economiccondtionsin a awurtry. Fundamental econamic values, like domestic aredit,
the trade balance, international reserves and relative prices, shoud determine the
sustainabilityof afixed exchange rate regime. In the end, large international investors
will or will nat terminate the life of such aregime with a swift spealative atad, bu
in ead case it would show to be arational resporse to the fundamental econamic
conditions.

Theemnanmic theory onthis subjed has been worked out pretty well, but empiricd
testingof the devel oped theories and models has been very limited. Some models of
collapsingexchangerates have been empiricaly tested and produced theory confirming
results.In spite of that, alot of doult has risen abou the general explanatory power of
thesecoll apse models. It isoften argued, that irrational behavior or self-fulfilli ng panics
among nternational i nvestorsareimportant drivingforces of exchangerates. Therefore,
modelsthat try to describe @llapsing exchange rate regimes, shoud take this into
account.The standard coll apse models dorn't do that and make very simplifying
assumptiorabou expedations formation d investors and fadors that influence these



expedations. The lack of testable models which try to incorporate these more
‘psychologicdldeterminants of exchange rates is largely causdtdfiaa that there
are hardly reliable data available on market expedations and the problems with
heterogeneity of expectations between different investors.

Althoughthelatter isan areaof reseach of grea interest andimportance, this paper
focuses mainly on the standard and testable @llapse models, sometimes cdled first-
generatiormodels. The theoreticd critique against first-generation models makes it
interestingto empiricaly test the general explanatory power of such models. For the
first time astandard coll apse model is not only tested for one aurrency over alonger
periodof time, with several periodsof speaulativepresaure, bu asofor several diff erent
currenciesn the sametime-span. A standard coll apse model is applied to the Mexican
controlled exchange rate in the 1990s and to several European currencies that
participatedn the European Exchange Rate Mecdhanism (ERM) in the ‘ crisis' year of
1992.Thisallowsoneto determine how goodthe model works, under what condtions
it works best andwhether these kinds of model scan beuseful evenif they do na always
work well.

SinceMexicoisa amuntry with along hstory of exchangerate aisesand becaisethe
last peso-crisis from 1994 tad such a large impad domesticdly as well as
internationallysome extra atentionis given to the Mexican experiencewith coll apsing
exchangeate regimes. The latter is dore in chapter four of the paper. The rest of the
paperis organized as follows. Chapter two gives an owerview of the theoreticd and
empiricalwork that hasbeen doresofar onspeaulative dtacksandcoll apsingexchange
rates. In the third chapter the model used for the empiricd reseach is presented.
Descriptionof the empiricd reseach andthe model outcomesare givenin chapter five,
while a small summary and the concluding remarks are given in the final chapter.

Finally, the author would like to thank some people that contributed to this paper.
Firstof al, Sweder van Wijnbergen for his supervision d thewhale projed, hisadvice
onthesubjed and Hscommentsduringthereseach process Seandy, Nick Draper and
FrederikHuizinga for their suppat on the mathematicd and empiricd parts of the
research. ThirdlyZia Quareshi and Algjandro Werner for their willi ngnessto discuss
the subjea with me andthe literature and dbta they supgdied for the research. Finaly,
my mother and father for their emotional suppat and their grammar and spelli ng
corrections.



2. Theory of exchange rate crises
2.1 Stabilization programs and exchange rate policy

Therecent financial crisis has brought the discusson abou the merits of controlled
nominalexchangeratesasanti-inflationary devicesto the are of the pdlicy debate. The
supportersf fixed exchangeratesarguethat such aregime providesan eff edive device
for guding a disinflation program. Furthermore, they argue that in the longrun a
controlled exchange rate system tends to impose fiscal and monetary discipline.

Much of the enthusiasm for fixed exchangeratesisroated inthe aedibility andtime
consistencyit provides to government palicy. Withou the existence of a controlled
exchangeate regime, governments will be tempted to ‘surprise’ the private sedor
through unexpeded devaluations. This temptation can be caised by labor market
rigidities that prevent the eonamy from reading full employment. These ‘ surprise’
devaluationswill move the government closer to their employment and gowth
objectives,but will also introduce an inflationary bias into the eonamy. However,
eventually the public wilbeame awvare of thisincentive facel bythe authorities and
will start anticipating the devaluations and, thereby, make them ineffedive. The direa
and undesirableonsequence of the strategic interadion that will emerge between the
governmentand the private sedor is that the eonomy will read a higher level of
inflation.

Thecredibility problem for the government that arisesin this stuationcan be solved
by introducing a controll ed exchange rate system. It has been argued that the aloption
of afixed exchange rate will constrainthe aility of governmentsto surprisethe private
sectotthrough urexpeded deval uations. Accordingtothisview, uncer afixed exchange
rateregime promisesof fiscd disciplinewill become aedible and private sedor adions
will nat show successveroundsof inflationary adions. Furthermore, sincethe exchange
rateisahighly visible variable, the government can effedively signal its commitment
to a stabili zaion program. In that regard it has a dea advantage over aternative
anchors, such as the money stock or domestic credit.

Finally, the exchange rate aachor will, in the presence of consistent fiscd and
monetarypdicies, place a cédi ng ontradable goods inflation and will tend to reduce
inflationaryexpedationsandinflationary inertia. Thespeead at whichinertia ae atually
reducedis important, because avery slow dedine will generate aprocess of red
exchangerate overvaluation and ceterioration d international competiti veness that
could end y plaang the whole stabilization pogram in jeopardy. The possble
emergence of an overvalued real exchange saaetually, ore of the most important
drawbacksf an exchangerate anchor program. Therefore, credibilit y of the pdlicy and



alow degreeof badkward looking indexation are qrucial condtions for a cmntrolled
exchange rate regime to survive.

Theimplicaion d al thisisthat authoriti esthat are cmnsideringthe implementation
of a fixed exchange rate shoud be willi ng and able to also implement policies that
assurethat the fixed parity can be maintained. The fiscd situation has to be under
controlandchangesininternational reserves sioud na besterili zed bythe cantral bank.
A dedineinreserves sioud produce a ontradioninthemoney supdy and, dher things
equal,shoud increase the interest rate. Maintaining this type of padlicy is nat easy
politically, sincenon-sterili zed dedinesin reserves aretranslated into highred interest
rates reduced econamic adivity and high uremployment. Therefore, the aedibility of
sucha system depends onthe extent that the authoritiesare willi ngto play by therules
of the fixed exchange rate game.

2.2 Standard or ‘first generation’ models of exchange rate crises

Thefirst generation d modeling o speaulative atadks on ursustainable government
pricefixing pdicy wasdore by Salant andHenderson(1978. They developed themain
ideas for the standard models in an application to a government policy to fix the price
of gdd. Thismodel waslater adapted byKrugman (1979 andFloodandGarber (19847)
for useintheforeignexchange market, spedficaly to model coll apsingfixed exchange
rateregimes. In this context the pdlicy to be atadked is the fixed price of aforeign
currency or the aanourced fixed exchange rate. In Krugman's model the financing o
governmenbudget deficits by isauing danestic aredit lies at the root of an exchange
ratecrisis. An attad will occur asa @urtry adogpts high-priority expansionary pdicies
inconsistent with longterm maintenance of the fixed exchange rate. When a courtry
fully monetizes its budget deficit, the international reserves are slowly depleted and
finally lost completely as result of a discrete speculative attack.

In suchan attadk scenario basemoney anditscomporents, international reservesplus
domestiaredit, play dominant roles. Becaise perfed cepital mobhilit y, perfed foresight
anda onstant demand for red money balances are asaumed in the standard coll apse
modelsfull monetization d government deficitsresultsin arise of net domestic credit
thatproduces an excess sipdy of money that canna be absorbed byinflation kecause
of thefixed or pegged exchangerate. The latter meansthat domestic aredit expansions
resultin an exadly equal deaease of reserves. Therefore, afixed exchangerate regime
will lead to perfea sterili zation o reserve losses. Thus, money financing o the fiscd
deficit is an inconsistent paicy with afixed exchange rate, because the international
reservesvill eventually be exhausted andthe fixed exchange rate hasto be dbandored.
The standard model asumes that after the exchange rate wllapse, the high-priority
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policies of the @urtry are unaltered and the exchange rate regime is switched to a
sustainable alternative.

This kind d exchange rate aises can be even better understood byevaluating the
incentives for internationahvestors. With a government that pegs the relative rate of
returnon damestic- and foreign assts, investors wish to hdd damestic and foreign
assetdn fixed propations. The rebalancing o their portfolios, needed as result of
growingdomestic aedit, isdone by exchanging some of the additional domestic assets
for foreign exchange reserves of the central bank. However, investors keep their
portfolio propartions constant and exchange only aportion d theincremental supdy of
domestic assets. Therefore, the (shadow) exchange rate thatpnewaltli f the fixed
exchangeate pdicy is abandored gradually depredates over time. When the latter
equalsthe aurrent exchange rate, investors attadk the fixed or pegged exchange rate,
becausetherwise abitrage profits would be made available and market inefficiency
implied.

In such asituation,with a arrently pegged exchange rate that hasto be ebandored
eventuallyasresult of asteadily growing danestic aredit stock, an exchangerate aisis
is inevitable. The profit maximizing kehavior of investors dictates that a strong
speculativesttadk onthe central bank’ sinternational reserveswill occur at some point
on the eonamy’s path. This is an entirely rational market response to persistently
conflicting internal and external macroeconomic targets.

It is important to nde that in standard coll apse models the foreseen speadlative
attacksare wnsistent with a private equili brium. With perfea foresight the exchange
rate canna jump at the time of the dtad, because otherwise agents could reg
unboundd arbitrage profits. The prediction d the standard models is that the atacdk
takesplace apredsely thetime the exchange rate does nat need to jump. Thisiswhen
thechangeinthemoney supdy asresult of the dtad isexadly balanced bythe change
in money demand die to the interest rate dfead of the pdicy change to a sustainable
regime.

Crucialto the @&owe logic is the assumption that the monetary authority does not
sterilizethereservelossat thetimeof the atadk. Prior to the dtadk, the sum of domestic
creditand reserves (base money) is constant with reserve losses gerili zed exadly by
increasesn danestic aredit. At thetime of the dtadk, however, base money fall sby the
size of the reserve loss at the attack.

Flood and Garber (1984) introduce uncertainty abou the rate of domestic credit
growthinto the standard model. Intheir discrete-time model, unanticipated increasesin
domestiredit can causethe shadow exchangerateto exceeal thefixed ratetemporaril y.
As damestic aedit grows, howvever, an attadk bewmes increasingly likely and the
differential between damestic and foreign interest rates is widened. The larger the
variance of the process gowverning the domestic aedit creaion, the greder the
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probability of aregime shift and, therefore, the greaer the probabilit y of aspeaulative
attack. The main pants from the cntinuows time models are reproduced by the
stochastic version of the standard model.

The ampiricd implications of these kind d models are that one shoud olserve
periodsof expansionary fiscd and monetary pdiciesprior to exchangerate aises. The
standardmodels predict that speaulative atadks on fixed exchange rates sould be
precededby gowing bud@t deficits and accéerating rates of monetarization o
comparativelyfast money growth. Further, ore should expect red exchange rates to
become overvalued and trade deficits to increase. Finally, dedining stocks of foreign
reserveg;sing danesticinterest rates, andweakening d forward exchangerates soud
be observed.

2.3 Secondgeneration ‘ coll apse’ modelswith self-fulfilli ng speaulative
attacks

In the models described abowve, exchange rate @llapses occur in a setting where the
eventuabbandorment of thefixed exchangerateregimeisinevitable. So,aspeaulative
attackonly occurs as an entirely rational market resporse to persistently conflicting
internaland external maaoeconamictargets. It isoften argued, havever, that exchange
ratecrises could be caised bya contagious and coll edive panic ininternational capital
marketswhich isnot based oncertain developments of fundamental econamic values.
In those situations eaulative atadks appea to be self-fulfilli ng, sincethey occur, for
example,with a level of reserves which seans sifficient to hande the balance-of-
payments deficit.

In the standard first generation models described above, alower bound orreserves
togetherwith a steadily growing damestic aedit stock makes a @llapse of a fixed
exchangeate regimeinevitable. However, if domestic aredit doesnat grow steadily or
doesna grow at al, then an exchange rate mll apse becomes a probahilit y-zero event
in thasemodels. Thelatter iscaused bythe assumptionthat noabrupt pali cy changewill
takeplace aresult of a aisis. So, the domestic aredit growth processdoes not change
afteraspeaulative atad. The central bank simply withdrawsfrom theforeignexchange
marketwhen its reserves are exhausted and the exchange rate is allowed to float.
However,as Obstfeld (1986 pointed ou, when the assumption on pdicy changesis
dropped, the situation changes and attacks become possible, even if the exchange rate
would have been viable forever in the standard models.

A crisis induced pdicy change can, if anticipated, lead to indeterminagy of
equilibriumandcreaestheposghilit y of aself-fulfilli ngspeaulative atadk onexchange
rates.If the central bank will switch to a more inflationary pdicy of more domestic
creditgrowth after afixed exchange rate llapse, then the exchange rate will make a
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discrete jump and speculata®uld reg a caital gain. If the pulic expedsthe latter
to occur aself-fulfilli ng speaulative runcan take place becaise the authoriti esvali date
any run ex post by shifting to an inflationary pdicy. If and orly if attadked, the
authoritieswitch to amore acommodating pdicy consistent with alower value of the
exchangeate. Therefore, multiple euili bria exist becaise of the cntingent nature of
the authorities padlicy rule. In this context there ae infinitely many self-fulfilli ng
alternativeequili bria. Each equili brium corresponds to a diff erent set of beli eves of the
public about the probability of an attack.

In second generationmodelsthereisnoreasonto exped adversetrendsin monetary
andfiscd pdlicies, foreignreserves or thetrade balanceprior to aspeaulative atad. In
the period leading upto the exchange rate wllapse no signs of troule, such as
expansionaryiscd palicies, rapid money and credit growth, increasingly overvalued
realexchangerates, and depletion d reserves, haveto bevisible. The shift of monetary
andfiscd pdliciesinamore expansionary diredionshoud be observed after therational
self-fulfilling attadk, acordingto the predictionsof second generationcoll apsemodels.
Thestabilit y of thefixed exchangerateregimeisdetermined bythe anticipated response
to speculative pressure of the authorities.

2.4 Empirical testing of the collapse models
241 Estimation of standard collapse models

In the literature alot of theoreticd work is dore on exchange rate aises and the
predictability of speaulative dtadks. However, the ollapse models that predict the
timing and the probabilit y of such attadks have nat undergore much empiricd testing.
Thelatter seans grange, sincethe potential usefulnessof thisline of reseach has been
shownby some authors. Thefirst to doso were Blanco and Garber (1986, who applied
Mexicandatain alinea discretetimeversion d the standard coll apse model to predict
the timing and magnitude of devaluations caused by coll apsing fixed exchange rate
regimes. The results of their empiricad work are encouraging. For the Mexican
experiencebetween 1973 and 1982the wllapse model predicted, bah in and ou of
sample,high devaluation probabiliti es prior to adual devaluations. Also, the estimated
expectedexchange rate, if a devaluation would take place is close to the adually
realized values of the exchange rates in most periods.

Cumbyand van Wijnbergen (1989 use asimil ar coll apsemodel to makeone-period-
aheadestimates of the llapse probability of the Argentine aawling-peg regime
betweenDecember 1978 and February 1981. They also estimated high coll apse
probabilitiesheforethe adual coll apse occurred. Their main conclusionisthat aspedfic
exchangeate regime can only survive if the domestic aedit padicy is consistent with
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the exchange rate padlicy of a courtry. If the latter is not the cae aedibility of the
preannouncedxchange rate regime is undermined and the exchange rate is forced to
float in the end.

An otherapplicaion d the standard model, with lessrestrictive sssumptions, was
done by Goldberg (1994. In the Goldberg (1994 model strict assumptions of
purchasingpower parity and the unresponsivenessof red money balances demand to
currencysubstitution motives are nolonger valid. Thisresultsin coll apse probabiliti es
that are till mainly driven by damestic aedit growth, bu the influence of external
credit shocks and relative price shocks is aso significant. The latter creaes the
possibility to determine various forces that contribute to an exchange rate oll apse.
Goldberg1994) used dataof theMexican exchangerateregimebetween 1980and 1986
andconcluded that domestic credit shocks and relative price shocks play an important
roleinexchangerate aises. Theinfluenceof external credit shockswasrelatively minor
in the research of Goldberg (1994).

The studies mentioned above, hawvever, provide only limited information onthe
extentto which the predictions of the theoreticd literature fit the fads. Basicdly, all
empiricalstudies used first generation models and nocomparisonwas made with ather
type of models. The latter does not come & a total surprise sinceit is very hard to
determineex-ante expedations abou the posghility of crisisinduced pdicy change,
neededo make estimationswith second generationmodels. Furthermore, the enpiricd
literatureismainly focused onaparticular courtry at a cetain pant intime. Therefore,
thegeneral explanatory power of thefirst generationmodelsisnat redly asessd, since
not much is known abou the representativenessof that courtry and the period that is
coveed. Further insight in the use of these models can be dtained by analyzing a
comprehensive set of crisis episodad bycomparing the relevant variablesin crisis
periods with their behavior during non-crisis periods.

2.4.2 Other empirical analysis of exchange rate crises

Someempiricd studies, which do not necessary buld on a theoreticd model of
speculativeattacks, make intertemporal and hlateral comparisons of exchange rate
crisesthat occurred in the past. Eichengreen et al. (1994 analyzespeaulative dtadkson
pegged exchange rates in 22 countries betw86éiand 1992.They develop stylized
factsconcerningthebehavior of avariety of maaoeconamicvariables, comparingcrises
with periods of tranquillity. For nonnEMS observations differences in behavior of
fundamentalsare found that are mnsistent with the predictions of first generation
models Budget deficits, inflationrates, rates of credit growth, andtrade balancesdiffer
significantly between crisis and non-crisis episodes.
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For courtries in the Europeanh Monetary System (EMS), however, there ae few
significantdiff erences foundin the behavior of key maaoemnamic variables between
crisisand noncrisis periods. This could be interpreted as EM S crises being examples
of self-fulfilli ng speaulative atadks. However, the predictions of modelswith multiple
equilibriain foreignexchange marketsare dso na confirmed for the EM S sub-sample.
Thus, the limited relevance of the first generation models dadmply that second
generation models of self-fulfilling attacks necessarily fit the facts.

FrankelandRose (1996 make an attempt to charaderize arrency crisesinemerging
markets. They try to determine stylized fadsin abroad group d ‘ southern’ courtries
andexamine how much alike aurrency crisesin developing courtries are. They make
aclasdfication d four groupsof variablesthat could be of influenceonan exchangerate
crisis. Thefirst groupconsist of foreignvariables gich as‘northern’ interest rates and
production.The seaond goup are domestic macroeconomiéndicators, like output,
monetaryand fiscd shocks. Thirdly, agroup d externalvariables is determined such
asred exchange rate over-valuation, the arrent acourt andthe level of indebtedness
Thelast groupconsistsof variablesexpressngthe mmpasition d thedebt of a courry.

The latter, for example, played an important role in the Mexican peso crisis of 1994.

Sevenof the variables they examined are diredly relevant to the speaulative dtack
literature:the rate of growth of domestic credit (measure of monetary pdicy), theratio
of reserves to imports, the degree of red exchange rate over-valuation, the level of
foreigninterest rates, the growth of red output, the government budggt asafradion o
GDP (measure of fiscd pdicy), andthe airrent acoun as a percentage of GDP. The
first four variables mentioned above seem to influence echange rate crises as
theoreticallypredicted. There is also a relationship between red output and currency
crises,bu the caisality is unclea, since airrency crises may either be caised by
recessionsr cause recessons themselves. Curiously, thelast two variables mentioned
above appear to be of no importance in explaining exchange rate crashes.

Sachset al. (1996 anadyze the readion d 20 emerging markets to the multiple
financialcrisesthat occurred in 1995.They use emnamic fundamentalsto help explain
why some amerging markets were hit by crisis whil e others were not. They identified
three factorshat determine whether a awurtry is more vulnerable to suffer afinancial
crisis:ahighred exchangerate, arecent lending boan, and low reserves. They do nad
find suppat for aternative hypaheses that a high current acourt deficit, excessve
capitalinflows andloasefiscd palicies help to explain the occurrenceof exchangerate
crises.

FurthermoreSadhs et a. (1996 argue that the Tequil a effed, the spread of a self-
fulfilling panic acoss emerging cepital markets, existed only partialy. Only the
previously weegkened courtries were hit by this effed. The ‘strong courtries with
plentiful foreignreservesor solid fundamental's, such asanot overvalued red exchange
rateand astrong kanking system, suff ered nostructural downturnin capital inflows. In
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contrastthe countries with weegk fundamentals and limited reserves relative to short-
term liabilities were vulnerable to self-fulfilling investor panics.

Therefore,solid management of both the exchange rate and the banking system
seemgo beimportant in preventing currency crises. The problem is, howvever, that the
policy consequences to achieve this goal are far less clea. Courtries read very
differentlytolarge caital inflows, for example. Some wurtries experiencestrongred
appreciatiores result of the latter, where others depredate in red terms and also the
influenceon damestic aredit growth diff ersalot between courtries. Accordingto Sachs
et al.(1996 these diff erent readions might be caised by dfferencesin fiscd padlicies
and the differences in economic structure of these countries.
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3. The model
3.1 A stochastic discrete-time model

Standardoll apse models assume perfed foresight and rationality of econamic agents.
In combinationwith asituationwhere exchangerateispegged, bu hasto be ébandored
eventuallyas result of asteadily growing danestic aedit stock, an exchangerate aisis
is inevitable. The profit maximizing kehavior of investors dictates that a strong
speculativesttadk onthe central bank’ sinternational reserveswill occur at some point
on the eonamy’s path. This is an entirely rational market resporse to persistently
conflicting internal and external macroeconomic targets.

The coll apse model used in this paper is based onthe discrete time model with
uncertaintyof Floodand Garber (1984h and relies on money market equili brium. The
latter determines either the eguili brium exchange rate under a flexible exchange rate
regimeor the endogenous path of central bank reserves under a fixed exchange rate
regime.In the standard model perfed foresight, uncovered interest rate parity and
purchasingpower parity are aumed. Thismodel usesthe amncept of a‘ shadow floating
exchangeate’ to determinethetiming d regime ll apses, which are entirely based on
market fundamentals. The model is built around the following seven equations:

m’-q = a - ai +ay, (1)
o = ap, + (Lo)(p+sy) 2)
P = p*+ s, (3)
it = it* + (Etsr+1'st) + f (4)
m’  =rg+dq (5)
d, =d, tH+E (6)
mé  =me )

wherem,, ¢ and vy, represent the natura logarithm of domestic money stock, the
aggregaterice level, and red national income and i, represents the nominal interest
rate.p, and p* are the domestic currency price of domestic nonrtraded good and the
foreign currency price of traded good. The terms re, and d are respedively the logs
domesticgovernment book \alue of foreign money hddings and danestic credit. The
log spat exchange rate, which is expressed as the domestic currency price of foreign
money,is represented by s and E, is an expedations operator at timet. Thelog d the
countryspedficrisk premium of thedomestic aurrency isgiven byr,andavariablewith
an asterisks (*) is assumed to be ‘foreign’.
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The demand for red money balances is expresed by Eqg.(1). Money demand is
sensitiveto: exogenowsly given red income, y,, throughtransadion demands and the
nominalinterest rate, i,, as aresult of portfolio motives. Eq.(2) defines the aygregate
price index as a weighted sum of nontraded good prices, p, and the price level of
tradedgoods p*+s,. The assumption d strict purchasing powver parity is expressed by
Eq.(3).Sinceinthe standard model theinfluenceof nontraded pricesonthe pricelevel
is negleded, resultingin a=0, the aggregate priceindex isjust equal to Eq.(3). Whenthe
modelis extended later in the paper, the use of Eq.(2), together with the use of an
alternativeform of Eq.(3), beames clea. Eq.(4) represents the linkage between the
domesticandforeigninterest rate. In the Floodand Garber (19848 model interest rate
parity was assumed, whil e here the interest rate spread is comprised o the (expeded)
changeof the exchangerate and arisk premium. The money supdy isdefined in Eq.(5)
andindicaesthat the high-powered money suppy equal sthebook \alueof international
reservesplus domestic aredit. It is assumed that to finance government expenditure
domesticcredit grows at a rate |, and is occasionaly hit by credit shocks, €, asis
presentedby Eq.(6). A diff erencewith the Floodand Garber (19840 model isthe fad
that domestic aedit growth is no longer asaumed constant. Instead damestic aredit
expansions allowed to vary over time, therefore it is defined as |, in Eq. (6) in the
model. The assumption of money market equilibrium is expressed by Eq.(7).

As before, alarge expansion d domestic aredit whichisnaot absorbed by cemandfor
realmoney balances causesdisequili brium inthemoney market. Equili brium isrestored
in afixed exchange rate regime by off setting movements of the central bank’sforeign
reserves stochNVith afundamental disequili brium, for example caused by systematic
overvaluationreservesare depleted andthe cantral bank getsinto dfficulties. If agents
initiate speaulative atadks onthe cantral bank’ sforeign reserves, they can fulfill their
own expedations of an ursustainable fixed exchange rate regime by completely
exhaustinghe stock of foreignreserves. Thiswill cause the exchange rate to coll apse
and to float from there on.

To determine the endogenous path of the levabrefgn reserves, the relationship
betweerdomestic credit credionandreserve depletionshoud bewell understood.The
demandor red money balances equation can be extended byfilli ngin Egs.(2), (3) and

(4):
m =3-a(Es.,-9*s (8)

wherea= a,- a,(i*+r)+ay, + p*, whichisa mnstant if youassumetheforeigninterest
rate,red income and the foreign price level to be mnstant in the short-run. A more
extensivederivation d Eq. (8) andtherest of the model outcomes are given in appendix
Al.
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It follows from Eq.(8) that, while the exchange rate is fixed and, therefore,
EsS..- S =0, thedemandfor domestic nominal money balancesis constant during the
fixed exchange rate regime. In that situation reserve losses by the central bank are
exactlymatched by danestic aredit expansion. This becomes more dea when therate
of change of reservesis determined. Together with the money suppy equationandthe
moneymarket equili brium assumption, Eq.(8) transformsinto an expressonthat states
the quantity of reserves at time t in a fixed exchange rate regime:

re =a+s-d. ©)

When the domestic aredit variable is substituted by Eq.(6), the rate of change of
international reserves becomes:

Arg =-Ad,=-H-€, (10)

Moneyisconstant but reservesarelost unit for unit asdomestic aredit expands. So, with
alower bound on et foreignreserves, after which the courtry will nolonger defendthe
fixed rate, the fixed exchange rate regime caana survive forever. The processwill end
with a discrete loss of reserves in a final speculative attack.

After the exchange rate llapse reserves are at their criticd level (re=r) and, as
follows from Eq.(5), m=d+r.. The exchange rate is all owed to float fredy and Eq.(8)
can be rewritten as

m =g- ai(Et §t+l_§t) +§t ’ (11)

where§ ,isthepost-attadk flexible exchangerate, cal ed shadow flexible exchangerate.
To determine & what time T the exchange rate will coll apse the floating exchange rate
solution of EqQ. (11) is needed. Remembering that Ee€, = 0, wing the method d
undeterminedoefficientsandsubstitutingtheresultsinto Eq.(11) thesolution kecomes:

§t+l = (1+5&)H+1 -84 + fe + q + €1 (12)

Theshadow floating exchange rate does not depend onreserves. They are suppased to
havereaded their arbitrary minimum level, the aiticd reservefloor, after the wll apse
andare no longer used to influencethe exchange rate. If the level of foreign reserves
reacheshiscriticd floor the monetary authoritieswill nolonger usereservesto defend
thedomestic aurrency. Theoreticdly, r. can be positive or negative, becaise the central
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bankcould barow foreign reserves internationally to keep the exchange rate regime
from collapsing.

Speculatorsould profit from an attadk by puchasingreservesat the controll ed price
s% the aanourced level of the exchangerate, from the monetary authority andreselling
afterthe atad at thefloating prices,,,. If §,,<s*then speaulatorswill not profit from
thistransadion, therefore not attad andthe fixed exchange rate regimewill survive. In
thecasethat §,,,> s°the speaulatorsthat purchase the reserveswill regp a caital gain.
Theassumption d perfed foresight inthismodel, howvever, preventsluck to pay arole.
Competitionbetween speaulators ensures that the foreseen attadk will take place aa
momentwhen there ae no profits or losses. The latter implies that the oollapse will
occurwhen§,, ;= s° Therefore, the probabilit y of a @ll apse of an exchangerateregime
in periodt+1 is defined as the probability that §,,, > s° Thus, the llapse probability
is defined as follows:

Tct = Pr[ § t+1 = S+1a]i (13)

wheres, ,® equals ©me pre-annourced level of the mntroll ed exchangerate and§,,; is

the shadow floating exchange rate. Using Eq.(12) and assuming that €,,, represents a
randomdisturbance with zero mean and which oleyse,,, = -1/A+v,,,, whereby v,,, is
exponentially distributed, the following expression for the collapse probability can be
derived:

n, =ie*K K,>0
=1 K,<0 (14)
where
Kt = S+la + at+l - rc - d[ - (1+Q)“t+1 + 1/A. (15)

andwhere variables dated in the future ae expedations of those variables formed in
periodt and besed onall available information in that period. The probability of an
exchangeate wll apse depends onthe forecasts of agents on several econamic values.
Theforecast of the variance of domestic aredit, the rate of domestic aredit expansion,
thelevel of the aiticd reservefloor, the share of nontraded goodinthedomestic price
index, red income, the wntrolled exchange rate and demand for red money balances
together determine the probability that a speculative attack will occur.
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3.2 The extended estimation model

It is often believed that pdlicies of the domestic fiscd authorities are only partial
catalystdor speaulative d@tadksona airrency. Therefore, Goldberg (1991a) relaxed the
assumptionsof the standard model and enabled the modd nat only to stress the
importanceof monetary and fiscd discipline, bu aso be influenced by dher randam
shocks to the domestic money market. Most notable anong these ae shocks from
external credit supplies and relative prices.

Thereasonfor those extensionsisthat the cll apse probabilit y estimates generated
by the standard model are understated to the extent that prices and external credit
suppliesexhibit short-term randamness Coll apse probability estimates could also be
overstatedf there ae indead nontraded good in the domestic consumption besket,
systematideviationfrom PPR andcurrency substitutionmotivesinthedemandfor red
money balances. Therefore, more realism is introdaeddiehg these extensionsto the
model.

The first important modificaion is to acourt for the nontraded good in the
domesticconsumption tbasket. Therefore, the deflation d the nominal money balances
changesand the use of Eq.(2) becomes clea. No longer is the emnomy assumed to
consistof traded good only, which all are priced acwording to strict PPR bu the
domesticpriceindex is now defined as a weighted sum of the price of traded good,
SP',, andthe priceof nontraded goods, P.. Therefore, the share of consumed goods (c)
whosepriceis, at least partially, determined by damestic condtions and the share of
tradedgoods (1-), which are priced acoordingto thelaw of oneprice Inthe model this
meansy isnolonger assumed zero, bu between zero and ore. The deviation from the
assumptiorof strict purchasing paver parity (PPB for all goodsconsumed damesticdly
is expressed by a modified version of Eq.(3), which now becomes:

P -§= p*t T Qn (16)

wherep, denotesthe medium-term systematic deviationsfrom PPPandQ, expressesthe
stochasticshocks to relative prices. This deviation from strict PPPcould lea to a
situationwith relatively costly domestic nontraded goodsand pdentiall y chegp exports.

Further theinfluenceof currency substitutionmotivesonthedemandfor red money
balances can be modeled. An additional term is therefore added to Eq.(1):

m?-q=a - ai +ay - a (Es.-s). (17)
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Thelast term in Eq.(17) expresses the influence the expeded change in the exchange
ratehas onred money demand throughthe airrency substitution motive. An expeded
future devaluation reduces the demand for the domestic currency now, becaise a
possiblecapital gain can be made by hdding foreign currency instead of domestic
currency.

Themodel can be extended even more with a second additi onal equation to model
thesourcesof domestic aredit growth variabilit y. Theshocksto damestic aredit credion
aredecmpased into two sources. Shocks related to unexpeded damestic government
revenues and expenditures and shocks related to the uncertain avail ability of external
credit flows. Therefore, the residual of Eq. (6) is defined as follows:

€ =Y-by (18)

wherevy, is the randam revenue or expenditure affeding the need to monetize the
governmenteficit and ¢, the randam avail ability of external credit. The latter term
influences the share of government deficits that is financed by external borrowing
instead of inflationary finance.

Theshadow exchangerateis gill defined asthe exchangeratethat would equili bratethe
money market in the next period if reserves are depleted and the antroll ed exchange
ratehas coll apsed. The shadow rateis derived in asimilar way as abowve, only Eq. (18)
is added to the model and Eq. (3) is replaced by Eq. (16). The equations from the
extended model are combined to derive the new shadow exchange rate as:

§t+l = (1+q+as)ut+1 - at+1 + rc + q+ (x(pt+1 + Qt+1)+ Yt+1 _¢t+1v (19)

wherea= g, - a,(i*+r)+ ay, + p;* asbefore. The influence of relative price shocks on
the exchange rate is negative, becaise red money demand for transadion puposes
increasess result of a paositive price shock. The relationship between external credit
supplyshocksand devaluation presaureis negative aswell, becaise apaositive shock to
externalcredit reduces the neal for domestic credit credion. Domestic government
deficit shocks put upward presaure onthe exchangerate, becaisethisraisestherelative
supply of money balances through domestic credit creation.

The probability of a fixed exchange rate collapse in the next period is still equal to
theprobability that the expeded past-coll apse exchange rate will exceed the cntroll ed
exchange rate. Following the same solution methodology as before and assuming that
Q1Y and ¢, are distributed exporentialy and have standard deviations of
respectively 1A, 1/A, and 1A,, the new collapse probability becomes:
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T, = {AAS[(eh +Ao) (A +4,)]}e K K'.>0,
=1 K'.<0, (20)
where
Ki =8a "+ 8- 4 - (1+3)y + 1A,- afdy - 1/, (21)

andwhere variables dated in the future ae expedations of thase variables formed in
periodt and besed onall available information in that period. The probability of an
exchangeate wll apse depends onthe forecasts of agents onseveral econamic values.
Theforecastsof varianceof relative prices, the varianceof domestic credit, thevariance
of external credit suppies, therate of domestic credit expansion,thelevel of the aiticd
reservdloor, theshare of nontraded goodinthedomestic priceindex, red income, the
controlled exchange rate and systematic overvaluation d the nontraded good
determine together the probability that a speculative attack will occur.

3.3 Second generation model

Theeffeds of the paints gated above can be showninthe standard model. In the model
aboveit isasumed that the central bank will not sterili zethe reserve lossat the time of
the dtad. However, when this assumption is dropped and it is assumed that reserves
are fully sterilized at the time of collapse the situation changes. The dternative
assumption isnade when, so cdled, seoond generation coll apse models are used. The
standardnodel becomes inconsistent with aforeseen attack when the sssumption d a
policy switch is used. Theoll apse takes place &the moment of interception between
the fixed rate and the shadow floating rate, but now the authorities fully sterili ze the
reservesosses and speaulators ean a caital gain as result of a discrete jump of the
exchangeate. Asaresult of full sterili zationthe discrete aljustment in the base money
supply,caused byreserve depletion,isremoved. However, thereis dill adiscretejump
in themoney demand dweto ashift inthe domesticinterest rate. Theimbalancebetween
supplyand cemand makesit impossblefor thefixed exchange rate to survive when the
centralbank switchespdlicy after an attadk. If the central bank makesthispali cy switch,
the post-collapse flexible exchange rate in Eq.(12) becomes

§t+l = (1+5&)M+1 - ehl + rc + dpost,t+ €t+1 (22)

whered,,,;measuredomestic aredit just after the wll apse. Thelatter isvery important,
becauseal jumps upward at the time of the atad as result of reserve sterili zaion. It
follows that d,, is equal to the pre-attack base money suppy. Also it indicaes that
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§., isawaysgreder than s, ,* after the ll apse. This meansthat afixed exchangerate
with full sterilization of reserve losses in a collapse will be attacked immediately.

The pdicy switch made by the monetary authorities makes the speaulative atadk
self-fulfilling. Ex post the atadk onthe aurrency isjustified bythe discrete jump of the
exchangeate & aresult of the full sterilization d the reserve losses. Note, however,
that the speaulative atadk is slf-fulfilli ng condtional on the pdicy switch. If the
monetary pdicy isunatered, the exchange rate will not jump and nocapital gain can
be made by the investors.

Onceagain this shows how important credibility of government palicy is with
respet to fixing the exchange rate. One can imagine how much more difficult it
becomego manage an exchange rate & soonas expedations are formed of a palicy
switch after a aurrency is attadked. Even if the post-attadk pdicy switch is uncertain,
therestill will be alot more speaulative pressure against the aurrency andthe volatility
of the exchangeratewill probably increase aswell. Buildingareputationasanreliable
policy maker helps reducing this kind o speaulative foreign exchange pressure and
increaseghe posshiliti es to stabili ze the exchange rate with resped to an other
currency.
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4, The Mexican peso crisis of 1994
4.1 Background

Thecoll apse of the Mexican pesoin December 1994wasthesixthtime an exchangerate
crisis occurred in Mexico since 1945. Alevious coll apses creaed similar effedsin
the emnamy. All of them were precaded by emnamic expansion, sharp red
appreciationand large externa deficits. Since 1976these aashes all came just after
presidentialeledions. However, to understand the spedfic dements of the ‘94 peso
crisisthat do nd fit the previous crisesthe e@namic condtionsinthe precading period
have to be described.

At the end d the 1980s the Mexican government introduced an exchange rate
basedstabili zation dan to increase eonamic growth and kring dawn triple digit
inflation rates. The stabili zaion dan formally started in Decenber 1987, whil e the
exchangeate was put in an adjustable narrow band onFebruary 29, 1988The history
of the exchangerate paliciesin Mexicointhe 19881994 reriodis presented intable 1.
The key comporent of the stabili zation plan was a socia agreement or ‘pad’ which
forcedworkers, firms, and the government to med regularly and determine together
price, wage, and exchange rate pdicies. The plan was further acaompanied by large
structurakeformsthat wereinitiated 1984 .Theresponse of the emnamy wastypicd for
exchangeate based stabili zations. An ecmnamic boan wasiniti ated, the red exchange
rate appreciated, and the current account deficit increased.

Thestructural reform implemented bythe Sali nas government was afar reading
programthat restored fisca and monetary discipline. Theimport substitution approach
wasreplacal by aggressve trade liberali zation, which consisted o joining GATT in
1986,astrongreduction d nontariff barrier coverage andafall of thetariff rangeto 0
20%.Theoutward growth strategy wasfurther suppated bythetrade stimulatingeff eds
of the North American Free Trade Agreement (NAFTA). Also a major privatizaion
program, together with liberalization and deregulation o severa industries, was
initiated.Small manufaduringfirmswere privatized first, puli c utiliti esnext, andafter
thatbanks foll owed. By 1994approximately 80% of state owned enterprises had been
privatized.Oil related firms, however, remain government owned urtil present day.
Further,atax reform started in 1985and a large fisca adjustment was acampli shed.
A primary deficit of around 86 of GDPwastransformed into asurplusof approximately
7% of GDP.

Finally, an important financial reform was initiated in 1988,when interest rates
werefreed. The privatization o banks gradually took dace éter 1990and they were
allowedto hdd equity pasitions in manufaduring and aher firms. However, some
direded credit and subsidized loans were still handled by development banks. The
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regulatoryandsupervisory cgpadty of the bankingsedor remained wegk. All of thisled
to asituationwere, by late 1993, there were no signs of most of the familiar symptoms
of exchange rate based stabili zation dans. Expansionary pdicies and faling foreign
reservesbhah typicd of nea crisis stuations, were nat present. The inflation rate was
reducedfrom 15%6 in 1987to 7% by 1994and acawmpanied, as noted before, by a
strongrestrictive monetary pdicy in the 19881994 mriod and attainment of fiscd
balance.

Table 1: Exchange rate policy in Mexico 1988-1994

February-December 1988 Fixed nominal exchange rate at 2281pesos per dollar.
January-December 1989 Preannounced rate of devaluation set at 1 old peso per day.
January-December 1990 Preannounced rate of crawl of nominal exchange rate at 80

cents per day.

December 1990-November 1991  Preannounced rate of crawl of nominal exchange rate set at 40
cents per day.

November 1991-October 1992 Exchange rate band adopted. Floor is fixed at 3050 pesos per
US dollar, while ceiling slides at 20 cents per day.

November 1992-December 19, 1994Rate of devaluation of band’s ceiling is accelerated to 40 old
cents or 0.0004 new pesos per day.

December 20-December 21, 1994 Ceiling of band increased by 15 percent.

34689 Floating exchange rate adopted.

However,the performance of the Mexican econamy between 1988and 1994was, in
spite of the reforms, rather modest. Red growth averaged 2.8% and there was
practicallyno poductivity growth urtil 1993.There was a strong appredation d the
realexchangerate, export expansionwas not very impressve, private savings dedined
heavily and poverty and income distribution continued to be a major problem.

The largely unmpressve eonamic results of Mexico were @ntrasted by the
outstanding achievements of policy reform. In spite of this divergence the
(inter)national media, financial experts, acalemics and multil ateral institutions
consistently considered Mexico a major success fdittein market oriented reforms
led many analysts to believe that if econamic results were not there yet, they were
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waiting aroundthe arner. Also, the alleged benefits of NAFTA contributed to the
popularnation that the Mexican economy had very good future perspedives. This
optimism was further expressed by the large net capital inflows into Mexico that took
place from the beginning of the ‘90's .

Therefore,a large financial crash, as occurred late 1994, was not expeded. The
economicf undamentals’ were soundandapotential devaluationwas expededto cause
aredignment of thered exchangerate and, thereby, areduction d the aurrent acourt
gap.It was believed the latter would byfoll owed byawidely expeded econamic take-
off from the Mexican econamy, na to bringabout areductionin productionandanation
wide recession.

4.2 Real exchange rate appreciation and foreign capital flows

As often stressed in the literature (Kamin and Rogers (1996, Calvo and Mendaza
(1996))alot of failuresto maintain a (quas) fixed exchange rate ae not the result of
conflicting maaoeconamic pdlicies, bu rather an oucome of developments, such as
real appredation and a aurrent acourt deficit, endemic to exchange rate based
stabilizationprograms. These developments, inturn, underminethe sustainabilit y of the
fixed exchange rate regime. Therefore, the main fadors that led to the oll apse of the
Mexican peso are present in almost all exchange rate based stabili zation programs.
Almost all Mexican exchange rate crises show this pattern.

To the extent that inflation exhibits sme degreeof inertia, stabilizaion programs
basedon an exchange rate anchor have the danger of generating a significant red
exchangeate overvaluation,alossof competitiveness and very large trade deficits. If
suchasituationisnot correded intime, the aedibility of the stabili zation grogram will
be alled into gquestion and speadlative dtadks onthe aurrency can be expeded. The
Mexicanauthoriti esargued, havever, that therewerefour reasonswhy the latter would
not happen in Mexico. First of al, the stabili zation pdicy was darted from asituation
of undervaluation. Secondy, the large stock of international reserves of Mexico.
Thirdly, the suppased rapid growth of productivity that would compensate for the red
appreciatiorof the peso. Finally, the increased capital suppy as result of NAFTA and
the new opportunities to rapidly develexports off ered bythis freetrade ayreement.

In redity, however, the dedine of the inflation rate was painfully slow in the
beginningof the stabili zation program, thered exchange rate gopredated substantially
andthe stock of foreignreserves dedined asresult of financing d the rapidly growing
tradebalancedeficit. However, after the 1990Brady debt reduction agreement and the
beginningof opening the financial sedor and privatization d banks, the international
capital market rediscovered Mexico. This resulted in a surge of capital inflows that
allowed the country to finance very large aurrent acourt deficits in the 19921994
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period and to maintairior at least some time, an overvalued red exchange rate. Most
of thesefundsflowinginto Mexico after 1990were portfoli o flowsinvested in the stock
market,in private sedor instruments, andin gowernment seauriti es. The cmpasition d
thesdlows, spedficdly their short term nature, added to the vulnerabilit y of the system
as a whole.

Anotherdisturbing development wasthe steep dedinein private savings after 1989.
This contrasted sharply with the experience of most East Asian countries during the
early 1990s. The caital inflowsin these murtries resulted in significant increasesin
investmentrates. After 1993the drop in saving becane even more serious, as fiscd
policy was relaxed and public savings also experienced a decline.

The Mexican authorities responded to these problems by emphasizing that the
situationwas not worrisome sincethe flows into the courry were largely private and
thefiscd acount wasin surplus. They had threebasic agumentsto defendthisvision.
First,the eonamic system of the awurtry had enough bilt-in flexibilit y, resultingfrom
flexible interest rates andthe operation d the exchangerate band, to ded with eventual
disequilibria.Second, a rapid increase in productivity, that would generate amajor
exportexpansion, was abou to take place Third, the longterm fundamental values
remained healthy.

Oneof the things the authorities negleded was that the rate at which capital was
flowingin, which was approximately two times the rate of red GDP growth, was not
sustainablén the long run. At those rates of capital inflow the volume of Mexican
securitiesheld byforeigners asa propation d the country’s GDP would tend to grow
continuously.Therefore, the red appredation induced by the greaer avail ability of
foreignfunds was clealy a short term phenomenon that had to be reversed, at least
partially, sometime in the future.

At that time aserious problem was born. Oncethe caital stops flowingin, o even
when the rate at which it flows slows down, the real exchangevilatiee overvalued
andamassve ajustment will berequired. However, whil e duringthe surge in inflows
thered exchange rate will i ncresse withou any impediments, when the avail ability of
foreign capital flows declines, the nominal wage and price rigidity will make the
requirel real depredation dfficult. Mexico's commitment to the rigid exchange rate
systemthe obsessonwith single digit inflation and asuccesson d negative shocksto
theeanamy made the possbility of asmooth landingincreasingly unlikely duingthe
year 1994.

Thevulnerability of thefinancial sedor andthe monetary authoriti estointernational
capital flows is aso expressed by Cavo and Mendaza (1996). They present two
indicatorsof financial vulnerability that signal the posshility of an exchangerate aisis
drivenby arunagainst domestic assets. First, the gap between money (M2), valued in
USddlars, and gossforeignreserves. Where, na so much the sizeof the gap, bu the
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risk of asudden andlarge shock to the money stock is dangerous. The latter canimply
alargedrain of foreign reserves and, therefore, pu the aontroll ed exchange rate under
pressureTherefore, it istheinstability of theratio between money andforeignreserves
that poses a thred to the exchange rate regime. Analysis of the determinants of the
moneystock in Mexico after the financial li berali zation from 19881989(Calvo et al.
(1993),Cavo and Mendaza (1996)) shows a stronginfluence of international capital
flows on M2. This indicates the increased wulnerability of the Mexican econamy to
international capital flows.

Thesemndindicaor of excesgvevulnerability isthe gap between short-term public
debt (peso- and ddlar-denominated) and foreign reserves. A large short-term debt-
reservesmbal ance(debt>reserves) developedinthe 19931994 reriod. Thisimbalance
ended with coll apse of the peso, which occurred when the doll ar-denominated short-
termdebt could nolonger beroll ed-over. Just beforethe aisisthe short-term puli c debt
wasnealy threetimeslarger than foreignreserves. Thislarge imbalancewas the result
of anoverexpansion d central bank damestic aedit. After the Colosio assassnation a
run against peso-denominated debt by banks and the private sedor resulted in alarge
reservdoss The monetary authoriti es responded with sterili zation d the dfed onthe
monetarybase by expanding damestic aedit. Further, they began issuing ddlar-
denominatediebt and thereby initiated ddlarization d puldic debt. In principle, the
reservdosses could have been limited by sufficiently large monetary contradion, bu
thesterili zed intervention prevented that from happeningandthereby caused alargeloss
of foreign reserves.

In general the indicaors of Calvo and Mendaza (1996 show how delicae the
situationinthebankingsedor wasin 1994 Thefinancial reformsandtheforeigncapital
inflows from the precaling yeas contributed to a large increase in the suppy of
loanablefunds. The controll ed exchange rate gave an incentive to disregard exchange
rateand country risk for investments, because the latter were implicitly transferred to
thecentral bank. Asthe banking sedor weakened, agents redi zed the intent to commit
effectivelytothe aontroll ed exchangerateregime compromised the ailit y of the central
bank to act as lender of lassort. The central bank had to chocse between proteding
the banking system using sterili zed intervention, which leads to wegening d the
currency,or tighten monetary pdicy to suppat the exchange rate regime and risk the
bankruptcy of commercial banks.

In spite of this stuation, it isoften argued (AtkensonandRios-Rull (1996, Sachset
al. (1996) that the Mexican monetary pdicy did na read forcefully enoughto the
problemsthat arose in 1994.However, it must be noted here that the growth of the
moneystock was not necessarily the result of shocks in the money supgy, bu could
have refleded shocks to the demand for money. Kamin and Rogers (1996 find
empiricalevidence that the Mexican monetary pdicy was nat significantly looser in
1994 than in the period precaling it. They paoint out that the monetary authorities
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reactionfunction dd nad change, becaise the monetary pdicy was not significantly
looser in 194 than implied by an estimated monetary pdicy readion function. This
viewis suppated bythe fad that interest ratesrosein 1994 while an expansion d the
money supply would depress interest rates.

This does not mean that the interest rates were sufficiently high to prevent a
devaluationToraiseinterest rateseven more amonetary pdicy switchwould havebeen
neededAt thebeginning d 1994, hevever, monetary authoritieswere highly concerned
with the hedth of the Mexican banking system andthe low level of econamic adivity.
In these drcumstances it is nat surprising that the authorities chose to all ow interest
ratesto rise moderately, in spite of the fad that such a limited readion to foreign
exchange developments caused large declines in the stock of reserves.

4.3 1994: the year of crisis preparation

Althoughthe aceamulated dsequili bria and the slow growth in productivity creaed a
vulnerable situation, the market was still very enthusiastic about Mexico etdteé
1993.The gproval of NAFTA was of major importancein creaingthis positive view.
However,when onJanuary 1 o 1994 the Zapatistasarmy started an uprising in the
southern state of Chiapdbe first signs of troutde became dea. The uprisingwas an
obvioussignal that Mexico was gill a ountry with pressngsocial problems andlarge
inequalitiesAsaresult of theincreased pditi cd uncertainty this creaed, the exchange
rateshot upto the upper limit of thebandin late February 1994.Surprisingly, howvever,
the domestic interest rates, the stock of reserves and the caital inflow were hardly
negatively influenced by these circumstanares by mid March it seamed that things
were under control again.

All of thischanged when the presidential candidate of theruling party, LuisDonaldo
Colosio,was assassnated whil e greginga aowd at a pdliti cd rally in LomasTaurinas
in the state of Baja California. Thistime there was indeed a negative readion bythe
financial community and foreign and damestic investors reduced their demand for
Mexicanseaurities. The exchange ratewasall owed to depredateto thetop o the band,
the fiscd pdicy was nat tightened and an eventual depletion o reserves became
increasinglylikely. The latter was caused by the fad that the arrent acourt deficit
wouldinevitable grow asaresult of currency overval uationandthe resulting gap could
not be financed byfinancial inflows from abroad. All of thisled to strongintervention
in the capital market by the monetary authoriti es and an increase of peso denominated
interest rates from around 10 percent in February to more than 16 percent in April.

Additionally, Mexico experienced dfficultiesrolling over itsrapidly maturing peso
denominatedlebt. In April thededsionwas madetoimpose a ca on Eso denominated
interestratesandthe substitution d dadl ar linked seauriti es, Tesobonaodor thematuring
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pesodenominated debt was initi ated. The risk of future aurrency devaluation nov was
much more shoudered by the Mexican gowernment, since the new debt was
denominatedh USddl arsandinvestorswere nolonger harmed byafuture devaluation
of the peso.

At the sametimethe government resisted increasinginterest rates on peso denominated
public debt, the central bank sterili zed the dedinein reserves. Thededsionto maintain
the money suppy target unaltered implied a dedine in reserves that had to be
compensatedithincreasesin central bank credit. Thisall owed for important incresses
in damestic aredit by the financial system. Ontop d all this, the government dedded
to relax fiscd pdicy as a resporse to a paliticd campaign that turned ou to be
unexpectedly difficult.

During the first half of 1994 concerns among international analysts on the
sustainabilityof Mexico’ sexterna situation grew. DornbuschandWerner (1994 argued
thatthe Mexican peso was overvalued by at least 30 percent, and that the authorities
shouldrapidly find away to solve this problem. They stated that areal exchange rate
reaignment shoud take place either through an acceerated crawl of the nominal
exchangeate or even afloating naminal rate. However, Calvo (1994 argued that any
exchangeate aljustment was likely to generate afinancial panic, because of lad of
credibility. Therefore, he stated that the solutionlay inregaining credibilit y by oktaining
massive support from the U.S. Treasury.

BetweenApril and October foreign reserves and peso denominated interest rates
remainedstable. Thenominal exchangeraterosetothe ceéli ng d theband, bu remained
within the target zone. It shoud be kept in mindthat thisperiod d relative stabilit y was
accompanieavith agovernment palicy of increasingly repladng d peso denominated
debtby Tesobong, thereby rapidly changingthe aurrency compasition o broad money
(M3). By August the anourt of Tesoboncs outstanding was rougHy equivalent to the
stock of foreign reserves.

In August Dr. Ernesto Zedill o Poncede Leonwas eleded President. After an adive
policy debate the Pado was renewed orce ajain in September, withou theintroduction
of major palicy changes. The exchange rate, monetary andfiscd palicies remained the
sameand the substitution o Tesobone for maturing peso denominated debt was
continued.The lack of government adion and gowing urcertainty made investors
becomenervous. In November some investors dedded to reduce their expasure in
Mexico, largely as result of uncertainties linked to the inauguation d the new
administratiorin December. The central bank kept onsterili zing all the reserve loses.
By the end d November reserves goodat $12.5 hilli on, whil e short-term publi c debt
wasin excessof $27 blli on. The situation started to develop all the charaderistics of
amgjor financial crisis, since the reserves of the ceitral bank clealy had become
insufficient for backing short-term domestic public debt.
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Thededine of foreignreserves that started in November continued into Decamber.
OnDecanber 20th, whenreservesreaded dangerously low levels, the authoriti esopted
for a change in pdicy. The exchange rate band was widened and the peso was all owed
to devaluate for 15 percent. However, the widening d the band was nat acampanied
by a suppating program and the authorities did na spedfy how they would hande a
possible massve withdrawal of deposits. Investors readed dsappanted to the
ineffectiveeff ort to make apdlicy change andfled away from Mexican seaurities. Two
days later, the controlled exchange rate collapsed and the peso had to be floated.

4.4 Policy lessons for controlled exchange rate management
44.1 Reform programs and balance of payments sustainability

TheMexican experiencemakesit also very clea that unsustainabletrade deficits, which
arefinanced bylargeforeignand highly volatil e caital inflows, shoud be aroided. In
1991theinternational capital markets rediscovered Mexico. Theresultinglarge capital
inflows allowed the urtry to financevery large airrent acount deficitsin the 1992
1994period. TheMexican dificialsargued that thislargeincreasein cgpital inflowswas
generating an ‘equilibrium’ real exchangte gpredation. In their paint of view the
strengthening of the peso was fully justified by fundamental values.

In additionto allowing an ursustainable airrent acourt deficit to emerge & result
of thered appredation, two more remarks shoud be made aou the Mexican current
accounfinancing.First of all, the most important comporent of the capital i nflowswas
shortterm portfoli oinvestment. Seandy, in ather courtriesinvestment was dimulated
by the large aurrent acourt deficit, while in Mexico a significant dedine in savings
took place. The short term nature of most capital inflows added twlidtdit y of the
Mexicaneanamy, whil e the substitution o domestic for foreign savings limited the
growth posshiliti es and made overall econamic performance highly dependent upon
financial resources of a highly unstable nature.

Theofficial point of view of the Mexican authoritieswasthat with thefiscd acourts
undercontrol, there was no reason to worry about the aurrent accourt deficit being
financedby private caital. The Mexican crisis srowed clealy that thisargument isnat
correctEvenif the aurrent acount isfinanced privately, when it beacomestoolarge an
adjustmentvill eventualy have to be made. A reductionin aggregate expenditure will
be needed in combination with a relative price ajustment or a red exchange rate
devaluationln a mntroll ed exchangerate system such aredi gnment will require adrop
in nominal prices of domestic goods and wages and will cause pdliticd and social
resistance against these adjustments.
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Like with most succesgul stabili zation programs, which are based onfixed naminal
exchangeates, a private sedor consumption boan was generated in Mexico. To keep
the current acount under control the latter generally requires high public savings to
offsetthe dedine in private savings. Relatively littl e is known abou the best way to
raise private saving rates, bu institutional reforms that stimulate private saving are
likely to be needed to help solving the problem of low savings. Furthermore, the
financial system shoud be made dficient, dyramic and espedally soundto increase
confidence in the total economic system and to stimulate private savings as well.

An other posshility toreducethedisruptiveinfluenceof capital inflowsistolimit the
liberalizationprocessof capital controlsin the ealy stages of areform program. It is
still an ongang d scussonwhether the opening d the caital acomurt shoudtakeplace
early onin the transition process or whether some form of impediments to capital
mobility shoud beretained urtil trade liberali zationis complete. Theline of reasoning
behindthisargument isthat liberali zation d the capital acaurt, under some @ndtions,
will lead tolargetemporary capital inflows, whichwill cause anappredation d thered
exchangeate. The latter deaease international competitivenessand will frustrate a
rapid expansion of exports.

Thereforethe debate in the international lit erature now mainly focuses on the most
adequatesequencing and speed o liberalization and stabili zaion reforms. In this
discussionit is of grea importance whether highly volatile short term capital is
dominaninthe capital inflowsor whether thaseinflowsaredominated byforeign dred
investmen{FDI). If thelatter isthe caethe degreeof vulnerability of the e@namy for
capital inflows is greatly reduced.

If volatile short term investment is dominant, however, it might be beneficia to
spreadhe caital li berali zationthroughtime andall ow foreigncapital gradually intothe
country. This gradual adjustment can be adieved through the use of severa
instrumentssuch as gnaller fiscd deficits, the slow removal of capital controls or the
discouragements of short tepgpital inflows. However, two more remarks soud be
madeonthis sibjed. First, the existence of capital controls will not completely solve
theproblem of red exchangerate gpredationand,second,capital controls houd ony
beused asatransitional device Inthelongrun,impedimentsto cgpital mohility shoud
be dismantled and the murtry shoud take full advantage of the oppatuniti es off ered
by world capital markets.

4.4.2 Exchange rate policy

Oneof themost important thingsto take cae of isto make surethe exchangeratepalicy
is credible in the longrun. As mentioned before, for an exchange rate padicy to be
credible it shodd be suppated by fiscd en monetary pdicies that asaure the
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maintenancef thefixed or controlled parity betweento currencies. Prudent government
policies have to be implemented and kept in place even if pditicdly difficult
circumstances arise as result of real exchange rate realignments.

After the Colosio assasgnationinMarch 1994theinflow of foreigncapital deaeased
anda policy change was needed. However, the Mexican monetary and fiscd padlicies
werena contradionary enoughand the nominal exchange rate rose to the top o the
band.Accordingto Sads, Tornell andVelasco (1996 adevaluation d the peso at that
time by lifting the ceiling of theurrency band and at the same time foll owing tighter
monetary an fiscal policies could have prevented 1994 crisis with high probability.

Opponentsf such asurprise devaluation stressthe aedibilit y costs associated with
suchapdlicy. Hard won government credibility will belost andfaith bythe pubic that
policy makers will follow non-discretionary policies will be lost. Sadis, Tornell and
Velasco(1996 argue that this argument is corred, bu not complete. The public’'s
confidencein the controlled exchange rate regime is nat only influenced by the
government’commitment to this policy, but also onthe aility to sustain the regime
given the external circumstances. By letting the stock of reserves decrease rapidly the
governmentshowed commitment to the policy of not devaluing, bu increased the
likelihood that the exchange rate regime a@uld nd be sustained. The latter is true
becauseexpeded devaluation is the product of two terms: the probability of a
devaluatiortaking dacetimes the size of the spedfic devaluation. Therefore, it could
well bethat adiscrete devaluationin March 1994would acually have deaeased rather
than increased the expected rate of devaluation of the public.

4.4.3 Macroeconomic policy

Oneof the theoreticd arguments for goodfixed exchange rate management, that has
beenproven right by the Mexican peso crisis, is that consistency between diff erent
macroeconomipdiciesis needed to make an exchange rate regime sustainable. When
acounry isconfronted withlarge caital inflowsit facestwo pcsshiliti es: to sustainthe
nominalexchange rate by having the central bank purchase the foreign exchange or to
allowthenominal exchangerateto appredate. Under a antroll ed exchangerateregime,
thelatter isnaot an optionandthe only remaining questionthen becomeswhether or not
to sterilize the purchase of foreign reserves made by the central bank.

The convenience of performing monetary sterili zation is a matter of debate when
moneyisflowinginto the murtry. Thisisbecausethe monetary contradionasresult of
sterilizationwill im ply fiscd costs for the central bank and might, through poducing
anincrease in interest rates, turn ou to be apartially self-defeaing propasition. When
moneyis flowing ou of the wurtry, however, it is generally acknowledged that
sterilization d the dedine in reserves shoud be avoided. Sterilization would pu
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downwardpressaure on the exchange rate and under fixed exchange rate regime will
causethe excessve domestic credit credion to trandate into a movement in oppaite
directionin the stock of internationa reserves. Most analysts believe the Mexican
reserve sterilization in 1994 to be a major policy mistake.

In these matters it is very important to have areliable assessnent of what is
happeningn terms of money demand. Even thoughit isreasonable, it does not always
haveto be the cae that the money demand is falling in the presence of an adverse
political shock. A pdlicy of nat sterili zing a reserve dedine when money demand hes
actuallyna deaeased might cause arisein interest rates. Obviously, the agument can
be stated the other way aroundas well. The paint is, however, to show the importance
of closely monitoringandanayzingthe behavior of the money demandwhen managing
a controlled exchange rate.

Thismanagement isparticul arly difficult when the system doesnat all ow for enough
exchangeate flexibility. In the extreme cae of completely fixed exchange rates, the
changesninternational reserveswill | ead dredly to monetary contradion a expansion
and,therefore, to changes in the domestic interest rate. This means that faced with a
capital outflow, the sustainability of a fixed exchange rate is closdly linked to the
authoritieswilli ngresstoall ow for highinterest rates. Highinterest ratesgeneraly lead
to increases in uremployment and falling ouput and are, therefore, na very popuar
among policy makers.

4.4.4 Central Bank independence

In political life it seems tdoe very difficult to make aedible palicy commitments and
thereforea lot of courtries endowed their central banks with independence from the
governmentThismeans central bank authorities are gopdnted for periods of time that
differ in time and termination date from that of the government. The ideais that an
independent central bank will not be subjedhtopresaures of the pdliticd cycle and
will nat be tempted to abuse its power to print money and let inflation rise. This
institutionalarrangement credesasituationwherethe central bank establi shes pdlicies
that strive for longterm stability and nd for short-term gains. Given this longterm
appointment and the fact that tbentral bank values reputation, an independent bank
can commit itself in a credible manner and is ablproduce pdlicies that are welfare
improvingwhen compared with ather discretionary pdicies. Therefore, ore cmuldargue
thatindependent central banksare not asufficient condti onto achieve maaoemnanmic
stability, but they are avery important complement to maaoeconamic padlicy in many
cases.

The central bank d¥lexico, Banco de Mexico, was granted independencein April
1994.Thepdliciesthey designed, havever, did nd redly expresstheindependenceone
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wouldwant from a aedible central bank. Espedally the dedsionto sterili zethe dedine
in reserves after March, while the exchange rate was dill fixed, is rather puzZing.
Alternative pdicies could have been either an ealy allowance for flexibility in the
exchangeate system in March o April or defending o the fixed exchange rate with a
muchmorerestrictive monetary pdicy. Thelatter pdlicy would havereduced econamic
growth,whil e the former pdicy would influencethe pricelevel. As mentioned before,
the unhedthy situation d the banking system complicaed the pdicy dedsions
considerablyBoth aternative pdlicies gelled troulde for the government, espedally
given that 1994 was an election year. Finally, the central bank iaciedby that one
would predict of ardleded gowernment in an eledion yea: they kept selli ng reserves
and postponed the exchange rate adjustment as long as possible.

All of thismakesit very clea how important it isto have atruly independent central
bank.Maybe even more important, it shows that institutional changes are much more
easily done on paper than in practice. The Mex@agoarience points out the fad that
it is important to accompany a process of ecnamic reform with meaningful and
structural institutional changes.

4.4.5 Debt management

One of the most important lessons to be leaned from the 199 peso crisis is the
importance of domestic puldic debt management. By definition the increase in public
debtisequal to the seize of thefiscd deficit and, therefore, stabili zation d the stock of
public debt isattained byadievingfiscd balance However, evenif the stock of puldic
debtis gabhili zed, it still has to be rolled-over. The Mexican crisis showed that the
conditionsunder which the pulic debt is roll ed-over are of crucial importance The
problemis that these mndtions change over time and that governments might be
confrontedvith very unfavorablerefinancingcondti onsand,asresult of that, increasing
financing costs. To tadle these kind d problems government might choose to use
temporarydevicesthat do nd fundamentall y solvethe problematic situation.Shortening
of debt maturity andrefinancing o the debt in aforeign currency are goodexamples of
such measures and both were applied in Mexico.

In ealy 1994Mexico was hit by bah internal and external shocks and the rolli ng-
over of the pulic debt becane increasingly difficult. In order to maintain the term-
structureand currency compasition d the financing sources, very high interest rates
would have been necessary. The authorities pretended to resist this outcome by
significantly changing its domestic debt policy. This change consisted of replacement
of peso-denominated debt (Cetes) by ddlar-denominated debt (Tesobong), whil e & the
sametime the importance of longterm bonds in damestic puldic debt gradually
declined.
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The important point to be made here is that althoughthe traditional measures of
fiscal pdicy, primary and operational balances, had deteriorated only a littl e, the
compositionof the debt stock was developingin amost unfavorable and ursustainable
way. Most investors and analysts did na understand the significance of these
developmentswhere they shoud have been interpreted as clea signs of distress
Therefore,in the future much more d&tention should be given to monitoring the
developmenbf the aurrency and maturity structure of puli c debt. Abundant purchases
of domestic aurrency-denominated long-term debt might reflea market confidence on
the stance of the complete maaoecnanic paicy. The mmplete oppasite is true if
investorsony want to puchase short-term foreign currency-denominated bond. Such
a signal shoud be interpreted as a warning sign and wed as indicaor for the
development of alternative fiscal and monetary policies.

4.4.6 Financial sector structure

In the process of transforming capital inflows into increased financing and Hgher
expenditurghefinancial sedor playsa aucia role. Thisaso means, hawvever, that the
financial sedor can be very dependent onthese caital flows. A reduction a reversal
of cgpital inflows can cause significant problems to the banking system and will feed
back new problems into an already complicated macroeconomic environment.

Thedee rooted problemsin the Mexican financial system becane very clea after
the ollapse of the exchange rate and to a grea extent they were resporsible for the
unexpectedeverity of the Mexican peso-crisis. The mntradionin output, asaresult of
anexchangerate aisis, hasbeen much more significant than most pessmistic analysts
hadexpeded and many analysts blamethe unhedthy situation d the banking system at
the outbreak of the crisis for this.

Betweenl991and 1992the Mexican gowernment privatized 19 kanksthat had been
nationalizedas result of the debt crisis. At that time the need to develop an effedive
regulatory framework for the banking sedor was adnowledged, bu Mexico
experiencedhat it is not so easy to effedively and rapidly crede asolid regulatory
framework Theladk of trained personal, likeinspedorsandacountants, andtherivalry
betweendifferent government institutions with overlapping resporsibiliti es dowed
down the process At the time of the exchange rate mllapse in December 1994, the
supervisorysystem was dill seriously underdevel oped and the banking sedor wasin a
ratherwedk pasition. Concernsregardingthe strength of the financial system probably
alsoinfluenced the dedsion to strive for low interest rates in spite of the exchange
marketpresaure ggainst the peso. In the end, maaoemnamic problems and financial
sector weaknesses fed into each other, making a bad situation even worse.
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4.5 Résumé on the Mexican peso crisis

The Mexican peso crisis of Decanber 1994 raised some questions abou the
sustainabilityof thereform programsappliedin Latin America Somepeople aguedthat
thiscrisiswasanindicaionthat Latin Americanwerenat yet ready for the market-based
transformations. In reality, however, these concerns seem to be groumtéesssis
hasprovided aboast to the modernizaion and reform oriented processin Mexico. The
crisismadeit clea to pdicy makers, intelleduals and alarge share of the puldic that a
reform processnever ends and that there still were some urgent unfinished tasks. The
urge to reform the economic, political and social system increased theiggsisin
1995and in the 19951997 period some serious progressin reforming the financial
sector and making the political system more democratic has been made.

In recent literature (Calvo and Mend@a (1996, Sads, Tornell and Velasco (1999) it
is often argued that imperfed credibility of Mexican exchange rate pdicy in
combinatiorwith highly liquid g obal capital marketscontributed alot tothe 1994 peso-
crisis.lt coud well bethat self-fulfilli ng expedations generated a panic &ter it becane
obviousthe government was running davn its grossreserves and ran up short-term
dollar debt.

The large devaluation and the severe recesson that followed showed the
vulnerabilityof exchangerateregimesto shiftsinforeigncapital flows, despitethetight
policiespursuedin 19881993 However, thestrondy increasedintegrationandmobhilit y
of international cgpital markets in the last decale, caused poaly managed capital
inflows and large imbalances between stocks of liquid financial assets and goss
reservesThisdid na only evoke adevaluation, bu also initi ated amassgve run against
domestic assets as result of a panic from investors.

Calvoand Mendaza (1996 argue the erupt change of mind onthe alvantages of
Mexicaninvestments by international investors can be explained by standard patfolio
diversificationmotives, but not asresult of asudden change of investors prospeds on
Mexico’sfundamentals. The speaulative dtad against the peso andthe spill -over of the
peso-crisisnto emerging stock markets worldwide (tequilaeffeq) is better understood
in a mntext where the growth of the global cepital market reduces the gains from
informationgathering and leads to herding kehavior of investors. This occurs becaise
worldwide and highly diversifiedinvestorshavelower incentivesto coll ed information
than investors with less investment oppatunities. The margina benefit from
informationgathering eventually dedines, when the number of courtries to invest in
rises. In such situations it becomes possible thatgtié brium resporse to newsisa
self-fulfilling panic.

Thesudden dumping d Mexico’' s assts by international investors could have been
suchapanic, originated from asmall negative thangein profitability expedations. The
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initial devaluation could have dtered thase expedations dightly, becaiseit signaled a
reductionin reliability of the new government. However, it shoud be noted that this
argument can na explain why the situation dd na stabili ze dter the drop in stock
market prices, which should have restored profitability of domestic assets.

Sachs,Tornell and Velasco (1996 argue that the Mexican peso crisis is better
understoodwhen the possbility of a self-fulfilling panic is acceted. After the
governmentiad run davn grossreserves and acaimulated large anourts of short-term
debtself-fulfilli ngexpedationsgenerated apanic. Thispanic might havebeen prevented
if credibility of the exchange rate regime had been increased by following a more
contractionarfiscd and monetary pdicy in 1994 Thelatter doesn’t mean that the ‘94
pesocrisis was a ‘deathforetold’ or a situation were the eonamy is on an urstable
coursessresult of inadequate pali ciesand external shocks. Accordingto Sadhs, Tornell
andVelasco (1996 the quite conservative fiscd pdlicy, the relatively modest level of
debtratios and interest rates just before the aash made it by nhomeans clea that an
exchangeate oll apse wasinevitable. Intheir view, it wasthe aanourcement of a15%
devaluatiorin Decanber 1994that caused a shift to a self-fulfilli ng panic equili brium.

TheMexican crisis showed the importance of reducing the dependence onforeign
highly volatil e portfoli o investment, raising the level of savings to all ow for adequate
levelsof investment and to continue reforming the financial system by implementing
modernregulatory systems. Additiondly, the aisis illustrated the difficulties of
maintaininga cntroll ed exchange rate system for long periods of time. The short term
benefitsof stabili zing expedations andimposing fiscd and monetary discipline can be
confronted in the long run with the problems of an overvalued real exchange rate.

However,the way Mexico reaced to the 1994 peso-crisisis rather promising. The
peoplanMexicoremained reform oriented, somenecessary reformswere drealy made
sincethe eonanmic structure is largely hedthy, the eomnomy is growing again, public
financesare till under control, the financial sedors are being strengthened and the
exportssedor is becoming a growing and dyramic sedor. All of this makes it aso
possble that international confidencein Mexico is dowly being rebuilt. The latter is
also caused by the fad that there is a strong econamic basis and a lot of pdliticd
willingness in Mexico to address the challenges that lay ahead.
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5. Empirical research
5.1 Data description

Theempiricd reseachwasdorewithmonthly datafor theperiod o 1988through 1996.
In total data from nine courntries was used (Mexico and the US plus sven European
countrieghat participatedinthe EM S) and sometimes gnall er sample periodshad to be
choseres result of ladk of data avail ability. Unlessotherwise indicated the data were
drawnfrom the ad-rom version d InternationalFinarcial Satistics (IFS). For Mexico
theexchangerateregimerelativeto the US dall ar wasanalyzed, whil efor the European
countries the exchange rate regime relative to the German D-mark was studied.

Thefollowingtime-series from IFSwere used asvariables in the model: short-term
moneymarket interest rates (line 60bin IFS), international reserves(line11), damestic
credit(line 32), consumer prices(line 64), whaesaleprices(line 63), red GDP (line 66)
andthe exchange rate (line we). The annourced exchange rate was caculated by the
authorbased onexisting exchange rate regimes, whil e the aiticd reservelevel (r.) and
the level of « were set at arbitrary levels and analyzed and compared for different
values.

Interpretingthe results shoud be done with beaing in mind the limitations of the
data.First, puldished series on international reserves are an imperfed guide to the
magnitudeof foreign-exchange-market interventions. They are an expresson d the
grossforeign asets of the monetary authorities. Since operating procedures often
arrangefor stand-by creditsin foreign currency, thisis a patentially serious problem.
Whenthe central bank intervenes, it drawsonit’ scredit li neswithou havingto sell any
of it's reported foreign assets.

Secondthemonthly observationsmay nat be of sufficient acaracy toidentify every
speculativeattadk. Speaulative presaure ajainst exchange rate regimes can mount
quickly and be repelled through interest-rate increases or foreign-exchange-market
interventionwithin amonth. If an attadk isiniti ated and ended within a cupe of days,
theaverage behavior of interest ratesandinternational reservesover the month may nat
reveal the intensity of the short-lived speculative pressures.
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5.2 Estimation proceduresof thestandar d model for the Mexican peso-
crisis
5.2.1 Variable determination and sample period selection

TheMexican exchangerate palicy wasaltered eight timesduringthe 19881995 feriod.
Fourof thase changesconsisted of strengthening d the controll ed exchangerateregime
(Feb.’88, Jan.’90, Dec’90, and Nov.'91), because the government deaessed o
eliminatedthe rate of devaluation against the US ddlar. Threeof the aljustments can
be interpreted as realignments (Jan.188y.. 94, and dec20-dec21, 1994, sincethe
(maximal) annourced rate of devaluation was increased. The fina policy switch,
abandonmentf the target zone with a céling band that was just increased by 1%,
resulted in an exchange rate crisis, which is better known as the 1994 peso-crisis.

Bothin periods of redignment and  crisisthere shoud be speaulative presaurein
foreignexchange markets against the domestic currency. Therefore, ore expeds next-
period coll apse probabiliti es of controlled exchange rate regime to increase in such
circumstancedf this geaulative presaureisareadionto the behavior of fundamental
valuesinthe eonamy, it shoud be passhbleto use afirst-generation model to estimate
thosecoll apse probabiliti esin periods of turbulence onforeign exchange markets. The
applicationof such amode onthe Mexican exchangerate experienceinthe 19881995
periodisuseful, because diff erent circumstances of the exchange rate regime (stabilit y,
realignmentandcrisis) provide agood pashilit y totest the general explanatory power
of a first generation model.

To estimate those @llapse probabiliti es, it is required to make forecasts of the
variablegaken to be non-stochastic in the theoreticd model, to estimate the stochastic
procesdsoll owed by domestic aredit, shown by Eq.(6), and estimate the parameters of
themoney demandfunction. Therisk premium isassumed to be constant for one period
aheadndwasdetermined as r, = i, - i* - (S-S.,). In the first estimations o was st at
0, but aso estimationswere made with o between zero and ore. Once dl these data ae
putinto the model, the cndti onal-on-coll apse shadow exchangerate, Eq.(12), can be
determinednd usedto estimate the one-period-ahead coll apse probabilit y, asexpressed
by Eq.(14).

Forecastanadeto generate t+1 values of the nonstochastic variables likethe level
of red income (y,,,), were produced simply by using redized t+1 observations. As
mentionedefore, thisway of modelingexpedationsisfar from perfed, bu isprobably
justasfar of redity as any aher simple way of expedations modeling and byfar the
simplest to use.
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5.2.2 The money demand function

The egtimation d the demand for red money balances was dore with a standard
approachpy regresing red money balances on the domestic interest rate and red
income. Also it is neaded to spedfy the lowest criticd level of foreign exchange
reserveshat the monetary authoritieswill toleratein periodt+1. The standard model is
estimatedor arange of reserve floors between -$1 hLlli onand +$1 killi on o 1990US
dollars. Thenegative reserve floors cgpture the ideathat a cantral bank may have had
access$o emergency linesof credit for the purpose of defendingthe exchangerate. Only
if the results are qualitatively changed by altering the aitica level of the reserve floor
the outcomes of the model fQrrO are presented in this paper.

To estimate the money demand parameters it must be taken into acount that the
demandor red money balances could well be unstable over the complete estimation
interval. Potential parameter instability or structural bre&s could occur at moments
when the foreign exchange market regime of Mexico is changed, such as 198802,
1989:01,199001, 199012, 199111, 199211 and 199412. However, the parameters
of the money demand function are reasonable stable over the sample period and have
the theoreticdly right sign. Further, the variables interest rate and red income ae
statisticallysignificant, the explanatory power of the regressonislarge (R*=0.96)and
serialcorrelation seems to be aminor problem with a D-W statistic dose to two. The
regression results are presented in table 2.

Table 2: Estimation results money demand function for period 1988-1995
Incl. observations: 82

Variable Coefficient t-Statistic Adj. R? D-W Stat.
c 9.41 1.76 0.96 1.71

i -0.59 -14.99

y 0.72 3.56

ma(l) 0.76 11.73

The estimates confirm the assumed relationship of rising interest rates that depress
moneydemand and increasing income that leads to higher demand for red balances.
Sinceestimation results of the demand for red money balanced were this good, the
extensionof adding an expeded exchange rate change term to the regresson equation
wasnhat caried ou. However, in sampleperiodswerethe estimated parametersarevery
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unstablethis might be avery useful exercise. Espedally if the instability occurs in
periods of an exchange rate policy switch or of high exchange rate volatility.

5.2.3 The process of domestic credit creation

To model the stochastic processof domestic aredit expansionan ARIMA processwas
used.Tomodel theforecast of domestic aredit growth for periodt+1an ARIMA (1,1,])
processwas applied to 18 month rolli ng samples and fit over all 18 month samplesin
theentireinterval. The shocksto damestic aedit are defined astheresidualsfrom ead
of therollingsamples, i.e. €,=d-d, ;- .;14, and, ;4 isdefined astheforecast of themean
basicgovernment deficit in period t-1. The latter was determined as . ,p,=Ad-€,. The
standardleviations of thedomestic aredit shocks(1/A) can, foll owing Goldberg (1994,
beinterpreted asthe periodt forecast of the potential scde of expeded danestic aredit
shocks.

Fig. 1: Expected volatility of domestic creation
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Thevalatility of domestic credit creaion fluctuates between 0.02and 0.12throughot
thesample period. The expeded shocksof domestic aredit growth sharply dropped after
thefixed naminal exchangerate of the Mexican pesowiththe USddlar wasputin pace
in the beginning d 1988.The latter deaeased expeded vaatility by amost two thirds.
After the introduction o the aawling peg, which consisted of a one peso a day
devaluatiorof the peso against theUSdadll ar in January 1989 expeded vadtility slowly
started to rise. Thisrise continued, with some fluctuations and increasing in the end,
until the middlie of 1991.The adogtion d an exchange rate band with afixed floor and
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a dliding, increasing celing in November 1991, led the expected vdatility to drop
graduallyto its lowest level in the sample period. This point was readed in the fall
1992.Theincrease of the rate of devaluation d the band s ceili ng from 20 cents to 40
centsa day in November 1992marks the beginning d an aimaost exporentialy rising
expectedvolatility of domestic aedit credion in Mexico. Just before the 1994 peso
crisis the expected volatility reaches its highest point imtiae sample period. The
lattercould lead oreto beli eve that sometroulle was being expeded with the exchange
rate policy of the Mexican government at the end of 1994.

5.3 Extensions of the standard collapse model

To make an estimation o a allapse probability of a cntrolled exchange rate, using
extensiongirst presented in Goldberg (1991a), it isnecessaryo make some alditi onal
preliminary estimates, forecasts and estimations of coefficients and their standard
deviationsFirst, the gplication d an extended model requiresestimation o additi onal
stochastiovariablesin the model. The unexpeded deviations from PPP(Q,) need to be
determinedAlso the standard deviations, expressed by YA, haveto be estimated. The
latter are interpreted as indication of future relative price shocks. Further, forecasts of
thesystematic deviationfrom PPR p,,,, haveto be made. The share of nontraded good
is arbitrary picked and its influence on results of the model is analyzed for diff erent
levelsof therelative seizeof thetraded andthe nontraded sedorsin the eonamy. This
meansg representsthe share of goodswhich pricesare not set ininternational markets
and which are not faced with international competition.

Theforecast of systematic deviationsfrom PPR sestimated usingan ARIMA (0,1,0)
proceson 18morthsrolling samples. To doso, Eq. (16) isrewritten asp, - - P, = .10,
+ Q, and .,p, is interpreted as the period t-1 forecast of p,. The expeded standard
deviatons of relative price shocks, 1/4,, are determined by estimating the standard
deviations of the forecast errors.

Theextensionto separate sources of domestic aredit growth variability into shocks
relatedto urexpeded government revenuesand urcertain avail abilit y of external credit
flowswasnot appliedin thispaper. Goldberg (1994 showed that external credit supy
shocksplayed aminor rolein explaining exchangerate aisesin Mexico between 1980
and1988.More important isthe fad that it is ambiguows anyway whether the redi zed
internationaloansare agoodmeasurement of the suppy of external credit. A reduction
in domestic credit suppy could lead to an increase of the use of international credit
domesticallywhil e the total external credit supdy need nd have been altered at al.
Alternatively,could arisein the suppy of external credit leal to arelative rise of the
useof international credit, withou any change in the supdy of domestic aedit. Even
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more combinations are possble and, therefore, it is difficult to say something about
external credit supply shocks in general.

54 Estimation results
54.1 The standard model results

The predicted coll apse probabiliti es and the shadow exchange rate ae generated using
the parameter estimates from the money demand function described above. Both are
generated for the 1988-1995 period. Goldberg (1994) interfieetstimated shadow
exchangeate a "providing a lower boundfor an exchange rate mnsistent with the
contemporaneousate of monetary and fiscd conditions in the eomnamy" (Goldberg
(1994),pg.425. Therefore, aslongasthe shadow exchangerateremainsabovethefixed
or pegged exchange rate or the celing o the exchange rate band, the fundamental
conditionsin the emnamy are good enoughto maintain the arrent exchange rate
regime.

In Figure 2 the shadow exchange rate and the official exchange rate ae plotted. It
showsthat, except for afew very short periods, the exchange rate was abowe its lower
boundurtil thebeginning d 1994.Inthe spring d 1994 ,aroundthetime of the Colosio
assassirteon, the official rate went below its lower boundand coll apse probabiliti es
started to rise (see Figure 3).

It shoud be noted that Mexico adopted an exchange rate band in November 1991.
This band consisted o a fixed floor, set at 3050 dd pesos per ddlar, and a sliding
ceiling of 20 cents per day. This rate of devaluation d the band's ceiling was
accderated to 40 dd cents per day (0.0004 mw pesos) in November 1992.1n the
estimationprocedures the annourced exchange rate between November 1991 and
Decembefl994was model ed as beingthe upper ceili ng d the exchangerate band. The
collapseprobabiliti es, therefore, indicate the risk that the exchange rate band will not
survive, but negleds the posshility this happens as result of an appredation d the
Mexicanpeso against the US ddlar. The latter, however, did na sean very plausible
andthe coll apse probabiliti es are probably nat distorted to much by this smplifying
assumptionThe rest of the anourced exchange rate was constructed by using the
preannounced rate of devaluation as described in Table 1.
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Fig. 2: The announced and shadow exchange rate for the 1988-1995 period
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The difference in the (log) shadow floating exchange rate and the (log) annourced
exchangeate ae shown in figure 2. During the last months of 1988 exchange rate
pressuregainst the peso increased asis expresed byarising shadow exchangeratein
figure 2. In January 1989the shadow exchange rate readed the same level as the
announcedate. At that time apdli cy switch was made by the government andthefixed
exchangeate regimewasreplacal bya aawling peg. Through 198%ndthe beginning
of 1990some exchangerate pressureremained, bu the shadow ratejust pe&k’ sfor very
shortperiods abovethe aanourced rate. Inthe period ketween 1990andthe end d 1992
the official exchange rate was well abowe its lower boundand the rate of crawl was
broughtbadk from 80 dd cents per day to adliding bandceiling o 20 dd cents per day.
During 1992exchangerate presaure started acaimul ating again andin the beginning o
1993,just after the accéeration d the band's dideto 40 dd cents per day, the shadow
exchangeate was higher that the aanourced exchangeratefor ashort period. After that
it took urtil the beginning d 1994,as dated above, before strongspeaulative presaure
pushedhe shadow exchangerate dbovethe annourced ratefor asubstantial period. The
temporaryfall badc of foreign exchange presairein September and October could na
preventthe final coll apse that occurred in December after the speaulative presaure had
pushed up the shadow exchange rate once more.

Predicted collapse probabilitiesdicate that speaulative motives increase demand for
USddlarsintheforeignexchange markets, becaiselarge caital gains can be captured
as a large devaluation d the Mexican peso takes place In periods of high coll apse
probabilitiesone would exped heavy speaulation against the peso. In figure 3the one-
period-aheadoll apse probabiliti es of the Mexican peso produced by the model are
shown.They seem to indicae that an exchangerate aisiswasinevitablein 1994 since
themodel predictsaprobability of coll apse of onefor almost threequarters of theyea.
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Fig. 3: Collapse probabilities of the Mexican peso between 1988-1995
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As mentioned before there is ome turbulencein the foreign exchange market before
1994, at times of minor adjustments that were made to the exchange regime, bu the
modelindicaes that only in 1991 the exchange rate mllapse shoud redly have been
expected.

5.4.2 The extended model results

As described above an extended version d the allapse model was also estimated. In
this model the asumption d strict purchasing power parity does nolonger hold. It is
now asumed that the pricelevel of domestic nontraded good is determined partially
by domestic condtions, while the domesticaly consumed traded good are priced
accordingto the law of one price The weight of the nontraded good in damestic
expendituresy, isassumed exogenowsly given andwasanalyzed for valuesbetween 0.1
and0.5.Unless the estimation results were qualitatively changed by alteringits value
o was set at 0.25. The systematiwiation from purchasing pawver parity of the price
indexof thenontraded good, p,, andthe expeded standard deviations of relative price
shocks, 14, were estimated as described in section 5.3.

With the adoption d a fixed exchange rate regime against the US dallar in the
beginning1988 the risk of relative price shocks was darply reduced. Therefore, the
expectedvolatility of relative prices dropped gradually throughou 1988and sharply
aftertheimplementation d the cawling peg of apreannourced rate of deval uationfrom
1 old peso per day. The latter exchange rate regime was probably believed to be much
moreredistic and, therefore, credible than a cmpletely fixed exchange rate regime.
This is not surprising taken the exchange rate history of Mexico into account.
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Fig. 5: The expected standard deviations of relative price shocks in Mexico
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As becomes clear from figure 5, the exchangepdiey of the Mexican government
helpedbringing dovn expeded vdatility of relative pricesin the 1990s. After astrong
decrease in 1989, expected volatility stadewly risingagainin 1990.In the period
betweenlJanuary 1990and November 1992the exchange rate regime was adjusted four
times,which resulted in a slightly rising and fluctuating expeded vdatility of relative
prices.However, it never even readed half of the 1988levels. The implementation d
the exchange rate band, with a sliding celing d 0.0004 rew pesos per day, stabilized
volatility at alow level between end 1992andthe beginning o 1994.After the Colosio
assassinatioaf April 1994 urcertainty in the Mexican econamy rose andthe expeded
volatility of relative prices increased to the highest level in almost five years.

Theinfluence of the changesin relative prices onthe shadow exchange rate andthe
collapseprobabiliti esare expresedinthefigures6, 7,and 8.The shadow exchangerate
is nat redly changed much. It just seemsto shift alittl e downwards and lays a bit more
under the announced exchange rate than in figure 2.
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Fig. 6: The shadov and announed exdange rate with systematic
deviations from PPP
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Theinfluenceof the dternative relative pricerelationship onthe all apse probabiliti es
is alittl e more difficult to understand. There it does matter what is assumed about the
shareof domestic expenditure that is gent on nontradeable goods. The latter is
determinedy the valuethat is picked for o.. The most naticedle df eds, compared to
the collapse probabiliti es as expressed in figure 3, are the dimination d crash
probabilitiesaroundthe beginning o 1993andthe reduction d probabiliti esof a aisis
in third quarter of 1994 After ape&k inthe dedionmonth August the wll apse dances
dropped sharply and only rise strongly just before the December 1994 crash.

Fig. 7: Collapseproballiti eswith systematic deviationfromPPPand «
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It isinterestingto seewhat happensif the share of domestic expenditure on nontraded
goodsis assumed to be 45% or larger. Below that level the structure of the cllapse
probabilitiesfigure does not qualitatively change. With an « of 0.45 o bigger the
chances of a aashin thefirst eight month’s of 1994 kecome small er and smaller, the
largere is st. To show thisresult figure 8 presentsthe oll apse probabiliti esfor avalue
of a of 0.45. The wllapse probability of an exchange rate aash inthe end o 1994is
unalteredoy manipulating the level of «. The latter shows that the model results are
pretty robust and firmly predict a currency crisis in the end of 1994.

Fig. 8: Collapseprobahliti eswith systematic deviationfromPPPand &
set at 0.45
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55 Résumé of the Mexico estimations

In this paper on studying exchange rate aises, a simple coll apse model, based onthe
standard-lood and Garber-model, was used to estimate ll apse probabiliti es of the
Mexican peso in the period between 19881995.1n that period Mexico experienced
severd periods of speaulative presaure on the peso and the model predicts coll apse
probabilitieslarger than zero for most of those periods. In 1994the model is over-
estimatinghe ll apse probabiliti esabit, asthefirst coll apse was expeded to occur in
May, just after the Col osio assasgnation. The predictions might not be perfed, but they
give at least agoodindicaion abou the foreign exchange presaure that is developing
in the international capital markets. After the presidential eledions in August the
collapseprobabiliti es drop below one for two month’s, but riseto ore again just before
the exchange rate ollapsein Decanber 1994.Therefore, the probabiliti es might be a
little toolarge, bu taken over thewhaol e sample period,they doindicaethat the chances
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of an exchangerate aisiswere by far the biggest in the month’ sleading upto the 1994
pesocrisis. According to the model an exchange rate crisis was certain, it just took a
little time to arrive.

Goldberg(1994) didasimil ar estimationfor thepreceading period d 1980 uril 1986.
Although Goldberg (1994 used a more extensive model, the results obtained by this
modelare very similar to the Goldberg (1994 results, if this model is applied to the
1980-1986period. The behavior of the variance of domestic aedit, the shadow
exchangerate and the wllapse probabiliti es are basically the same throughou the
sampleperiod. Therefore, the model used in this paper shoud be @le to serve & a
usefultod to find out more éou the general explanatory power of first-generation
collapse models.

Thelatter shoud na be areasonto forget the smplifying assumptions madein this

modelandthe posghiliti esto improvethe model. Theresultsof themodel do, havever,
give an indicaion d the usefulnessof thase posshble extensions. It is useful to know
whatadditional information can be astraded from an extended version d the model.
To do this one has to knawv the simple model results as well as the extended model
outcomesBased onthe results of this model, the Goldberg (1994) extension d the
modelseansto provide limited additional information abou exchange rate aises and
predictions of collapse probabilities.
Themost important fador in the model isthe domestic aredit variable. Thesimplifying
assumptionsbou the (constant) demand for red money balances and expedations of
agentsause the shadow exchangerate to be mainly driven by damestic aredit growth.
Altering the aiticd reserve floor or the share of nontraded good in damestic
expendituresometimes influences the outcomes of the model, but in general does not
changethe qudlitative results when this model is used. However, more sophisticaed
modelingof relative pricesis auseful extension d the model. When the assumption o
strictPPPisdropped the all apse probabiliti es become moreredistic, without creding
doubtsabou the robustnessof the model. A goad combination o more sophisticaed
modelingof demand for money balances, the share of domestic goods in expenditure
and deviation from strict PPP could further improve the restittgs first generation
model.

However, as long as the expectations modeling remains unaltered the gap between
first and seaond generation models will remain to exist. The first generations models,
with or withou extensions and improvementsin ather parts of the model, remainto be
driven by fundamental values as long as the expedations modeling is not redly
changedA fusion ketween the diff erent generations of modelsmight be atievedif red
marketexpedationsare mrredly introduced into themodel . New techniquesto abstrad
those expedations from option grices could be aposshility to acieve this goal
(Soderlindand Svenson, 1997and Campa d al., 1997. This kind d expedations
modelingmake the model read to irrational panics of international investors and self-
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fulfilling speaulative dtadksona arrency. A third generation model will then beborn,
which combinesthe qualiti es of both model s, andreadsto bah fundamental valuesand
psychologicalnfluences. Thiswill be amajor improvement in the general explanatory
power of collapse models and, therefore, is a big challenge for future research.

An other useful application d these new expedations modeling techniques is to
make aseparate estimation d the expeded size and the expeded probability of an
exchangeate aljustment (Bekeat, 199§. The all apse probabiliti esthat are produced
by the model in this paper are dl results from a multiplication d the size of the
exchangeate dhangetimesthe probabilit y of itsoccurrence Highcoll apse probabiliti es
canbe caised bylarge expeded exchangerate changestogether with asmall probability
of occurrenceor by arelatively small expeded exchangerate aljustment accompanied
by ahigh probabilit y of occurrence If boththe exchangerate change andthe probability
of occurrence ae expeded to be high, than the cll apse probahiliti eswill obviously be
high as well.

Justlikein most other empiricd appli cations of afirst generation coll apse model in
the past, the results of the Mexico estimations are promising and the model does sen
to predict theexchange rate aisis pretty well. However, in all those studies the model
wasonly tested on ore wurtry and dten over avery limited period d time. To beredly
ableto say at least something abou the general explanatory power of these kind o
modelsthey shoud na only be tested over longer periods of time, but also be gplied
to different crises in dfferent courtries. For that reason the model was tested onthe
exchangeate aisesthat occurredin Europein 1992 where some courntrieswereforced
toleavethe ERM and ahershad alot of problems remaining part of that exchange rate
system.To prevent the whoe European Exchange Rate Medhanism to fall apart the
bandwidthsfor most participating courtries were widened in the end d 1992. The
interestingthing d testing the model onthose aisesisthat it’s widely believed these
Europeartriseswere much moredriven byirrational or purely speaulative motivesand
less the result of problematic fundamentals.

5.6 Additional application of the model: the 1992 ERM-crisis
5.6.1 Estimation procedures

As mentioned abowe it iswidely believed that the aisesthat occurred in the Europe’s
Exchangdrate Medhanism (ERM) in 1992were mainly caused by speaulative motives,
and werenat based onfundamental econamic values. These aises, therefore, provide
atest to look at the general explanatory power of the standard coll apse models. One
would exped those models nat to work very well i n these drcumstances. If the model
doesgive niceresults one shoud keep in mind this probably shoud be interpreted as
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proofthat fundamental values played alarger role that some people believein the 1992
ERM-crises.It does not mean that these kind d models are caable of identifying
irrational or self-fulfilling panics of investors.

To apply the model to the ERM-crises the exchange rate of several European
currenciesagainst the German D-mark was analyzed. Simil ar to the gpproach used for
thelast two yeas of the Mexico estimations, the upper band d the exchangerate target
zonewas modeled to be the aanourced exchange rate. The latter implies that the
collapseprobabiliti es indicate whether or not the target zone is viable and that it is
assumedhat the analyzed European currencies would na strondy appredate against
the D-mark. Both simple and extended versions of the model were estimated for the
ERM-crisesbut only if the estimation results diff er qualitatively the extended model
outcomesare presented. In the figures the natural logarithm’s of spat, shadow and
announcee@xchangeratesareshown. Thedatawere dl drawn from the CD-romversion
of the International Financial Statistics (IFS) of the IMF andthe same data-series were
used as during the Mexico estimations.

5.6.2 Italy

Oneof the most interesting European currencies to analyze, when looking at exchange
ratecrises, is the Italian lira. Italy has a history of high inflation rates for European
standards and hed several problemsto remain part of the ERM. After the 1992crisis
Italy wasforced to leavethe ERM for awhil e, but the lirare-entered in November 1996
and Italy now even hopes to join the ‘strong currency courtries in Europe in
participating in the Euro in the beginning of 1999.

Fig. 9: The Italian exchange rates for the 1990-1993 period

6.9

6.8

6.7

6.6

6.5

6.4 T T T T T
90:01 90:07 91:01 91:07 92:01 92:07

Shadowrate @ = 0------- Announcedrate @@=@=Z0@Z————- Spot rate




53

The estimated shadow exchange rate and the oll apse probabilities of thelira, for the
first period Italy was part of the ERM, are shown in figures 9 and 10. The shadow
exchangeateis much more volatil e than the spot rate for the entire period and kehaves
alittl e strange aoundthe time of the 1992crisis. The shadow rate drops sharply in the
lastthreemonth’ s before the aash in September 1992and than startsrisingagain from
September orwards. Thelatter producespositi ve one-period-aheal coll apse probabiliti es
from the beginning o 1992 unil August 1992.0nce ajain, the model probably over-
estimates the wllapse thances, bu seans to predict the aisis period fairly well.
However,in the Italy estimations there ae threeother periods (Aug. 90, Jun.91 and
Nov.’91) where the mode suggeststhat crises shoud have occurred, whil e & that time
the spat exchange rate had noproblem remaining within the bands of the target zone.

Figure 10: Collapse probabilities for the Italian lira between 1990 and 1993.
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Thedoulisabou thevalidity of theltali an estimationresultsarefurther increased when
theestimationresults of thered money demandfunctionare analyzed. The demandfor
realmoney balances is assumed to be stable and is estimated for the period between
1989and 1994 To corred the estimationsfor serial correlationthevariablesred money
balancesdomestic interest rate and red income where used as instrumental variables.
The latter results in Burbin-Watson statistic of 1.77.However, bah the interest rate
andthered incomevariablesare statisticdly significant (absol uteval ue of thet-statistic
above3), bu have the theoreticdly wrongsign. The wefficient for the interest rateis
0.53, while the real income parameter is estimated to be -4.04.
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Figure 11 Extended model collapse probahiliti es of the lira in the 19901993
period.
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Whenthe extended model is estimated for Italy the results do not change very much.
Thebig coll apse probabiliti esin June ‘91 and November ‘91 are reduced substantialy,
butdo nd disappea. During 1992the all apse probabiliti es behave alittl e diff erent as
well, but till start rising in the beginning of ‘92 and keep on keing high urtil August
‘92, as shown in figure 11.

5.6.3 France

In the same periodthe Italian lirahad to leare the ERM, the French franc suff ered from
heavyspeaulative presaure andwas almost forced to leave the ERM aswell . Widening

of the bands to 15% in the end of 1992was enough, havever, to prevent the French
currency to drop out of the ERM. As shown in figure 12 the French shadow exchange
rateis, incontrast totheltali an situation,lessvolatil ethan the spat rateinthe 19901993
period.This could interpreted as a result of more stable fundamental values in France

and exchange rate problems that are largely caused by speaulative and irrational
behavior of international investors.
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Figure 12: The French exchange rates for the 1990-1993 period.
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Excepffor avery short periodin the Decanber 1990 the shadow rate remains bel ow the
upperband d thetarget zone until thesecond half of 1992 Althoughthe franc remained
in the ERM, the prediction d a aisisin the end d 1990is not such a bad prediction,
sincethe spoat rate rose @ove the upper band for small period d time in the beginning
of 1991.Inthe end d 1991the model starts predicting coll apse probabiliti eslarger than
0.1 again.

Figure 13 The ollapse proballiti es for the French franc between 19901993.
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Throughout1992chances of a aisis remain positive and acording to the model the
exchangeate bandswerewidened just in time, becaise the wll apse probability roseto
onein November and the band was widened in Decenber. However, in redity the
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biggestcoll apse thances were probably in September 1992and are not very acairate
predicted by the model. Figure 13 presents the collapse probabilities for France.

Theestimation d the demandfor red money balancesfor Francewas dore over the
1990-1996nterval and produces much morereli ableresultsthanthe Italian estimation.
The interest rate coefficient is negative and statisticdly significant, the red income
variable has a positive sighut is datisticdly insignificant, the aljusted R-squared is
0.44andthe Durbin-Watson statistic is1.66.Therefore, it seans reasonable to assume
thatthe limited explanatory power of the model in this case is not caused by strange
behaviorof fundamentals, bu by influences onthe exchange rate that are not captured
by this model, such as an contagious irrational pamanginvestors. The etimation
resultsof the extended model do nd change anything if compared with the smple
model and, therefore, are not further presented here.

5.6.4 Spain

In September 1992 the Spanish peseta was almost forced to leave thbUERM,d
be kept inside the target zone & the latter was widened just in time. The Spanish
exchangeateispretty well described bythesimplemodel, asis siowninfigure14.The
shadow exchange rate mowabsngthe spot rate quite dosely and the volatility of the
shadowand spat exchange rate ae dmost equal aswell. This anstoindicaethat the
samefundamental values are influencing these two exchange rates. This argument is
furthersuppated bythe predictive power of the model inthe Spanish case. Thecollapse
probabilitiesremain zero throughou the whole 19901994 reriod, except for July and
Augustof 1992.1n the two month’s leading upto the ‘crisis month September, the
collapseprobabiliti es pesked to 0.7and the shadow rate cane &owve the upper band o
the target zone for a short while. The Spanish crisis probably had more fundamental
reasons than most of the other crises that occurred in Europe in this same period.

Figure 14: The Spanish exchange rates for the 1990-1994 period
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An important note that hasto be made with the Spanish estimationresultsisthefad that
the demandfor red money balancesis sgnificantly unstable for the 19901995 mriod.
Thereis a structural break in the money demand parameters around June 1992.
Therefore, the money demand function was estimated separately for the periods of
1990:01-1992:06 and 1992:07-1994:12. The results are presented in Table 3.

Table 3: Spanishestimation results real money demand function for period
1990-1994
Variable Coefficient t-Statistic Adj. R? D-W Stat.
c 27.98 261.77 0.76 1.74
C, 27.15 581.04 0.78 1.9
iy -0.42 -4.26
i, 0.36 5.95
Vi 0.44 1.75
Yo 0.89 3.47
ma(1) 0.95 51.9
ma(1), 0.57 3.57

Thevariablesof the estimationmadefor the 199001-199206 period have subscript one
and the variable for the second period have subscript two. The most contrasting
differencebetween the two sub-periodsisthe estimated interest rate cefficient. In the
firstinterval, theinterest rate parameter is negative and significant, whilein the second
intervalit is also statisticdly significant, but pasitive. Further it is noticedle that the
realincome dasticity of the red money demand is douled in the second period and
bewmmes much more significant as well. Using these diff erent parameters for the two
different intervals produces the collapse probabilities that are shown in figure 15.

Onceagain it shoud be remembered that the predictive power of the simple model is
probablyproof of the fad that the Spanish exchange rate was grongly influenced by
fundamentaéonamic values. Theresults sroud na beinterpreted asbeing proaof that
this model can predict crises caused by speaulative or irrational behavior. Since the
extendedmodel results do nd alter the results obtained with the simple model, the
extended model results are not shown here.
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Figure 15: The Spanish collapse probabilities for 1990-1994 period
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5.6.5 England

TheBritish poundwasforced to leave the ERM in August 1992, b it isvery douldful
wethera first generation model could help explaining the caiuses of this crash. The
shadowrate is below the upper band d the target zone for the entire period the British
poundwas part of the ERM and the ollapse probabiliti es are very close to zero the
entire period as well.

Fig. 16.Coll apseproballiti esBritish pound  Fig. 17: Exchange rates Briti sh pound
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Once again thegpat exchange rate is more volatil e than the shadow exchange rate. As
mentoned before this might be asign that the spaot exchange rate is driven, at least
partly, by variables nat included in this model. The sharp rise of the shadow exchange
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ratein late 1992is probably nat the cause, but theresult of the cll apsing Briti sh pound.
Thestructural bre& inthedemandfor red money balances, that occurredin August 1 92,

and estimation d the money demand function ower sub-intervals produce ashadow

exchangerate that peds, just like the spat rate, ore month after the adual crash

occurredTherefore, althoughthe shadow rate makesadiscretejumpinthe end o 1992,
the collapse probabilities remain very close to zero over the entire interval.

Theresults of the estimated Briti sh money demand functionsare shownin Table 4.
Coefficientswith subscript one aefrom the estimationthat wasdore over the 199Q01-
1992:08period, whil e the second periodwas from 199209 urtil 199406. Thefad that
currencysubstitution motives of agents might have caised the structural breg, could
alsohelp explainthe muge strange parametersthat are estimated in bah periods. Inthe
first sub interval the red income wefficient has a negative sign, bu is statistically
insignificantas well. In the second period the red income parameter is positive and
significant,but now the interest rate parameter becomes insignificant. These problems
might be reduced if an exchange rate expedationsvariableisused in the estimation d
the demand for real money balances.

Table 4: Estimation results British demand for real money balances 1990-1994

Variable Coefficient t-Statistic Adj. R? D-W Stat.
c, 28.43 388.06 0.69 1.58

c, 28.23 591.17 0.6 2.02

i -0.16 -2.36

i, 0.08 -0.77

A -0.16 -0.33

A 1.34 3.36

ma(1) 0.77 5.58

ma(1), 0.2 0.86

5.6.6 Belgium, Ireland and Denmark

An other example of thelimited power of the modelis given when the model i s appli ed
to the Belgium franc, that was under strongspeaulative presaure @ well in September
1992. The Belgium franc was not forced to leave the ERM, bu had to widen its
bandwidthto 15%. The oIl apse probahiliti esthat the model predicts occur toolate and
areprobably the result of the structural bre&k in the estimated money demand function
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(breakat 199211). The shadow exchange rate is below the spot rate for most of the
interval, which seams to indicae the Belgium franc had no structural problems
remainingpart of the ERM. However, it is hard to say much more, based onthe model
outcomes, abou the caises of the foreign exchange market presarre against the
Belgium franc in September 1992. In spite of the latter, the estimation results are
presented in figures 18 and 19.

Fig. 18 CollapseprobalilitiesBelgiumfranc Fig. 19 Exchangerates Belgiumfranc
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Theresultsfor the Irish poundthat had to be suppated with heavy interventionin the
foreign exchange market in November 1992, doalso not increase the generd
explanatorypower of the standard coll apse model. The shadow exchange rate is well
below the spat exchange rate for the entire 19901994 mriod and the llapse
probabilitiesare very small over the entireinterval aswell. Theresults are presented is

figures 20 and 21.
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Fig. 20: Collapse probabilities Irish pound Fig. 21: Exchange rates Irish pound
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Applicationof the model to Danish krona produces smilar result asthe Irish case. The
shadowexchange rate is below the spat rate for aimost the entire interval and the
collapse probabiliti es are very small. The foreign exchange market presaure that
accumulatedn September 1992is not well predicted by the model and the shadow
exchangeate is more volatil ethan the spat rate. These unconvincing results are shown
in figures 22 and 23.

Fig. 22: Collapse probabilities Danish krondrig. 23 Exchange rates Danish krona
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Someof the problemsthe standard coll apse model hasin explainingspeaulative dtadks
mightbe solved bymaking ketter andmore extensive estimations of thedemandfor red
money balances. The estimated parameters of the money demand function gay an
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importantroleinthemodel and changesinthase aefficients can have stronginfluences
onthe outcomes of the model. Asaready mentioned before, it could bevery helpful to
include a proxy for the expeded exchange rate development in the money demand
estimatiorto cgpturethe dfed that the aurrency substitution motive of agentscan have
on money demand. The estimation results of the Belgium, Irish and Danish money
demandunctionsare presented in table 5 andthe sometimes drange outcomesindicae
that a lot of improvement can be made on this subject.

Table 5: Estimated money demand functions for Belgium, Ireland and Danmark.

c, t-value C, t-value G, t-value Adj. R? D-W Stat.
Belgium 1990:12- 2742 488 -135 -187 -120 -1.65 0.65 0.89
1992:11
Belgium 1992:12- 27.18 40454 -0.23 -16.30 0.02 0.44 0.92 1.71
1996:12
Ireland 1990:06- 2435 1511.3 -0.008 -0.97 0.5 5.85 0.67 2.06
1994:06

Danmark 1988:01- 25.6  519.77 0.04 0.67 0.29 2.47 0.36 1.77
1996:12

Theestimated constant isexpressd byc,, whil ethe wefficientsof the domesticinterest
rateandred income aerespedively ¢, andc,. Theregressonswere dso madewith the
realmoney balances, the interest rate andred income @ instrumental variables, but in
none of the caes the regresson oucomes improved. The results clealy show the
oppatuniti esfor makingimprovementsin estimatingmoney demandfunctionsfor those
countriesInthefirst periodthe Belgium money demandisestimated for the wefficients
of the interest rate and income ae statisticdly insignificant and the Durbin-Watson
statisticis even below one. In the seaondinterval the interest rate parameter becomes
significantand the Durbin-Watson statistic rises to 1.71, b the income wefficient
remains insignificant.

Thelrishresultsarethe best of thethree @urtries. Thereisnostructural breg inthe
parametevaluesover aperiod d four yeas. Theinterest rate wefficient hasanegative
sign,theincome wefficient apositivesignandthe Durbin-Watsonstatisticisvery close
totwo. Theonly problem istheinsignificanceof theinterest rate parameter. The Danish
moneydemandfunctionisestimated over thelongest period (nineyeas), bu doeshave
notvery impressveresults. Theinterest rate wefficient ispositive andinsignificant and
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theadjusted R-squaredisonly 0.36. However, thered income wefficient ispositive and
significant and the Durbin-Watson statistic is reasonable as well with 1.77.

5.6.7 Résumé ERM estimations

The predictive power of the standard first generation modelsis sriously tested when
appliedto European currencies that participated in the ERM. The estimation results
confirmthe asumed limit ed explanatory power of first generationcoll apsemodels. The
speculativgresaire ggainst the Spanish pesetaispredicted pretty well by themodel, but
thatisthe only one of the seven currencies crisesthat themodel isapplied to. Inthe case
of the Italian lira and the French franc the (potential) crises were predicted as well,
although the exact timing of the collapse waspeotedly pinned dovn bythe model
outcomesSome mll apse probabiliti eswere predicted in periods of relative tranquillit y
and sometimes sveral month’s of high collapse probabiliti es precaled the adual
collapse, thereby reducing the accuratyhe model predictions.

Fortheother four currenciesthe model wastested on,theresults showed clealy that
first generationmodels do nd provide a ®mplete and solid structureto analyze dl the
exchangeate aises that occurred in the past and that will occur in the future. The
collapse probabiliti es remain close to zero in crisis periods and the shadow exchange
rate differs alot from the spot exchange rate in most cases. Some of these problems
might be reduced when the money demandfunctionsare estimated with more variables
(including the aurrency substitution motive for example) or with ather more refined
methods. However, this will not solve the whpteblem. To capture the influence of
speculative,contagious and irrational behavior of international investors a good
empirically testable seaond generation model is needed. This could also be a(third
generation)model that combines the influences market expedations and ecmnamic
fundamentalshave on the nominal exchange rate and onead aher. These kind o
models have not been produced yet.

However thefad that first generationmodel sarenot perfed doesnat mean that they
areuselessat all. If fundamentals are the main cause of an exchange rate crisis these
modelsdo predict the ll apse pretty well andif they are refined even moreit might be
possibleto prevent these modelsfrom ever predictinga aisisthat will not occur at all.
A model that does nat predict everything, bu if it does, is awaysright, is of alot of
interest. Such a model would be used very much, because at least sbhesewtes
of exchangeraterisk could bereduced by wsingit. Thisisthe goal that shoud be set for
first generation coll apse models, whil e other eff orts shoud be made & the sametimeto
produceempiricdly testablesecond generationmodel andto combinethefeauresof the
two models into a complete model.
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6. Concluding remarks

As bemmes very clea after analyzing the literature and estimation results of this
researchthe dasdcd speaulative d@tadk model does not provide all the answers to
guestions abou the caises of exchange rate aises. In some caes the model seansto
haveexplanatory power (Mexico), but in ather situations (ERM-crises) the model is
incapablao producereli ableone-period-aheal coll apse probabiliti es. Inreceant literature
it is often argued that seaondgeneration coll apse models are neaded to describe this
kind of crises, which are assumed to result from self-fulfilli ng panics of international
investorslt is ometimes gated that exchange rate aiseswith fundamental causes can
beexplained with first-generation coll apse model sandthat crisesresulting puely from
speadlativebehavior of investors sroud beunderstood wsingseamndgenerationmodels.
One shoud have some doult, however, wether the combination d first- and second
generatiorcoll apse models will capture the whole picture. There seem to be alot of
other improvements possble to first-generation models that can also increase the
general explanatory power of the collapse models.

To see this let's shortly discuss the benefits and limitations of the dasscal
speculativeattadk models. One of the most important paositive points of the first-
generatiormodelsisthat they sometimeswork quite well. If a ollapseisthe result of
an excessve domestic aedit growth or volatility, the model will predict collapse
probabilitiesfairly well. In bah theoreticd and empiricd lit erature domestic aredit is
believedto be one of the most important fadors that can cause exchange rate aises.
Therefore, a substantial part of al the aises occurring in the world probably is
reasonablyvell explained using afirst-generation model. With some of the extensions
like allowing for deviations from PPR modeling the influence from external credit
supply,more sophisticaed estimation d the money demand and including a proxy for
thestructure of a wurtry’s debt the model intuiti vely improves and shoud incressein
generakxplanatory power. Thelatter, however,isonly partialy suppated byempiricd
results.

A good example of a useful extension made in the past is the introduction d
uncertaintyabou the rate of domestic credit growth. Thiswasfirst dore by Floodand
Garber(1984) and also included in the model used in this paper. The unanticipated
increasesn damestic aedit now can cause the shadow exchange rate to exceel the
announcedate temporarily. However, thelarger the variance of the processgoverning
thedomestic credit credion,the greder the probahility of aregime shift and, therefore,
the greaer the probability of aspeaulative dtad. So, theinfluenceof apassble policy
switch is included in the model, bu better estimations about agents expedations
concerning a possible policy switch are needed for sure.
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Thelatter isjust one of the limitations of the model that are the result of the basic
assumptionsf themodedl. Thisisnat surprising,since e/ery model islimited byitsown
assumptionsThe asumption d perfed capital mobhility, howvever, might not be perfed
for al courtriesintheworld, bu in general is probably true. The other assumptions of
perfect foresight and a constant real money demand are a lot less obvious.

First of al, the modeling o expedations in empiricd models is one of the most
difficult thingsto dowell for econamic researchers. To assumethat agents have perfed
foresight is of course far from perfed and shoud be improved most definitely.
Introduction d uncertainty alone is not enoughto fed comfortable with assumptions
aboutexpedations in the model. The simple theoreticd asaumptions of adaptive,
rational or perfed foresight expedations are not convincing a do nd produce
impressve results when empiricdly tested. New tedchniques to abstrad investors
expectationgrom interest andforward rates and from asst and oggion prices soud be
exploited with much more effort and could provide alarge ewrichment for the
speculativeattadk models. Using market prices to construct agents expedations might
even make it possble to combine first- and second generation model into ore unified
collapse model. The lattéecaise aself-fulfilling panic shoud have aninstant effed
on market prices. In appendix A2 some dternative techniques to abstract future
expectations from market prices are presented.

Secondly,the demand for red money balances could very well not be anstant
throughtime in a cetain courtry. Espedally in courtries, like Mexico, with a long
history of exchange rate aises the aurrency substitution motive will be of grea
influence on the demand for red money balances. Once ajain to make nice money
demandestimationsareli able estimate of market expectationsabou thefuture exchange
rate is needed, which might be possible with the techniques mentioned above.

Thirdly, the model can be extended by asuming systematic deviations from
purchasingpower parity and decompasing the disturbancesto damestic aredit creaion
into domestic andforeignsources. Thelatter arethe Goldberg (1994 extensions, which
provide more detailed information onthe influence of domestic monetary shocks,
external credit supply shocks and relative price shocks on exchange rate crises.

Fourthly,variableslikes,,* andr. are determined relatively simplein this paper and
could also be determined with more sophisticated methods. However, as pointed ou
before,it shoud be kept in mindwhether or nat all these extensionsredly improvethe
results of the model and what kind of additional information they provide.

Finally, lessprincipal and smaller improvements gill can be made aswell. Thetwo
smallextensions of Floodand Garber (19847) model can befurther improved. Theshare
of domestic expenditure on nontraded good can be estimated, instead of picked
arbitrary,andthe risk premium could be defined dff erently, for example @ an interest
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ratediff erential between gowernment seauriti es denominated in danestic aurrency and
in a foreign currency.

Modelingexpedationsandthe money demandinamoresophisticaed way, together
with some of the other extensions mentioned abowve, will make the model much more
flexible and might change the linea relationship between damestic aedit creaionand
international reserve drains of the ceantral bank. Althoughthe basic line of though
remainghe same, thelatter could help alot in reducing the over-estimation d coll apse
probabilitiesandin determiningmore acaratethetiming d the exchangerate wll apse.

Producingmproved first-generation coll apse model swill i ncreasethe quality of the
predictionsmade by such amaodel, bu will not change the basic empiricd implicaions
of these kindbf models. The standardnodelswill still predict that speaulative atadks
onfixed exchangerates roud beprecealed by gowing budgt deficitsandaccéerating
ratesof monetarization a comparatively fast money growth. Further, oneshoud exped
real exchange rates to beame overvalued and trade deficits to increase. Finaly,
decliningstocks of foreign reserves, rising damestic interest rates, and weakening o
forward exchange rates should be observed.

The challenge for the emnamists in the future is to buld a model that not only
predictscrisesif the drcumstances are li ke mentioned abowve, but also predict well i f an
exchange rate collapse is preceded bygigis of troulde, such as expansionary fiscd
policies,rapid money and credit growth, increasingly overvalued red exchange rates,
and depletion d reserves. The latter could occur if the shift of monetary and fiscd
policiesin a more expansionary diredion is observed after a rational self-fulfilli ng
attack,li ke predicted by second generation coll apse models. The stability of the fixed
exchangeate regime is then determined by the anticipated resporse to speaulative
pressureof the authorities. Once ajain, the modeling o this anticipated resporse wil |
be the key issue in such a model and will cause some troulde, sinceit isvery hard to
determine ex-ante expectations about the possibility of crisis induced policy change.

Howeversomeinteresting new approachesfor expedationsmodeling havebeen pu
forward and insight on the ‘fundamental’ influences, like public debt structuring, on
exchangeate formationis dill im proved. Furthermore, ore wuld imagine to improve
collapsemodelsbyintroducing ‘ psychologicd’ or ‘pdlitica’ variables. Analysisof the
Mexicanpeso-crisisof 1994showed that thesekind d fadorswere of seriousinfluence
onmarket expedations andthewilli ngnessof investorsto puchase Mexican seauriti es.
So,aslongas one stays aware of the limit ed explanatory power of coll apse models, this
areaof reseach still offers a lot of new, interesting and pdentialy very beneficial
challengego future researchers. The imperfedions of this kind d models shoud be
verywell understood, bu their qualiti es shoud na be forgotten and expl oited as much
aspossble. Toredly achieve the latter, much more df ort shoud be put into empirica
researchon this subjed. Maybe even more important, hovever, is to change the
perceptionof most econamists that exchange rates are completely unpredictable and
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shouldbe left alone, because it would be awaste of time to pu energy into trying to
understand and explain exchange rate movements. It must be possble to increase our
knowledgeabou the medium and long-term driving forces behind exchange rates and
theirpossble all apses, because alot of oppatunitiesforimprovingthe arrent theories
and models are still open.
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Appendix Al

Themulti pli cative versionof the Floodand Garber (1984k) model, extended with arisk
premium in the interest rate equation, consists of the following seven equations:

MQ, = &Y (A1)
Q  =PR*(Rrs)™ (A2)
P =R'S (A3)
Iy = 1* (SR, (A4)
M  =ReDb, (A5)
D, = D,,e"e" (AB)
MS =M (A7)

whereall variables are defined the same & described in the paper. Then, taking logs of
all variables in the model results in the following loglinear model:

m’-q=a-ai, +ay, (A1)
o =ap + (La)(p*+s) (A2)
Py = prts, (A3)
it = it* + (St+1'st) th (A4')
mS  =re+q (AS)
d; =d;+Hte (A6
md  =m (A7)

whereall | ower caselettersindicate alogarithm of avariable. To determinethe shadow
floating rate the money market equili brium condtion is used to work out the model.
Substituting Eq.(2") into Eq.(1") and applying Eq.(7") yields:

m, =& - a&i + ay+ ap, + (Lo)(p+sy) (A8)
and filling in Egs.(3") and (4') gives:

m, =g - a(i*+ (S4178) + N+ ay* a(p+s)+ (L-a)(p+s) (A9)
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Rewriting a little:

m=3-a(s.,,-9+s (A10)
where
&= a-a(ir)+ay+p (A11)

Remembethat re, = r_when the exchangerateisfloatingand, therefore, m®=r_+d, and
Am’=Ad=p+€,. Positing that the floating exchange rate solution is of the form § =
Yo+y, M, and solving for coefficients y, and y,, using the method d undetermined
coefficients, yields:

E.Sui= Yoty EMyy (A12)
S, = Yoty M (A13)

Combining Egs.(12) and (13) and rememberipg=£0 gives:
ESui-5:= vilk (Al4)

Rewriting (10) and filli ng in (14) and wsing the method of undetermined coefficients
again results in:

m. =8-a vk +§ (A15)
or

s =ayvk-a  +m (A16)

S, =Yo +y, m (A17)

wherey, =a, Yl - @ andy,' = 1. Therefore, substitutingy, for vy, in Eq.(16) resultsin
an expression for the floating exchange rate in period t:

S¢  =ak-a +m (A18)
To find the next period, after collapse, exchange rate Eq.(18) is raised one period.

§t+l =al, - an +m,, (Alg)
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Now, filling in Eq. (5') and remembering, rer, yields:

Si1 Tabg-dntrtdyg (A20)
Which can be rewritten to:

Swe T(14@)Mu-an t ot d ey (A21)

Next, to determine the probability of axchange rate wllapseit isneeded to findthe
probabilty that §,; >s,,>. Where s,,* is the next period controlled exchange rate.
Formally:

Tct = I:)r[gﬁl 23t+1a]! (A22)
= Pr[ (1+Q)p‘t+l gttt dt T € Z§+1a]1 (A23)
= Pr[ €41 Z§+la g, - d[ - (1+Q)p‘t+1 ] (A24)

In Eq.(24) €,,, represents arandom disturbancewith zero mean which oleyse,,, = -1/A
+V,,,;. Therefore, EQ.(24) can be rewritten as:

T = Prlv,,, 2K, ], (A25)
where
Kt = S+la+ a+1 - r'c - dt - (1+Q)M+1 + 1/A. (A26)

Therandam variablev,,, isdistributed exporentially with an uncondtional probability
density function. Therefore, the formal density function is

flVed] =Ae™, Vi > 0,
=0 Vi, 2 0. (A27)

The latter means that to determine the probability of an exchange rate ollapse the
following expression has to be integrated:
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00 -Av,,
T, = f < Ae v, (A28)

13

Finally, the expression for the probability of an collapse is derived:

Y- K,>0
-1 K,<0 (A29)

T

The probability of an exchange rate ll apse depends onthe development of arange of
economicvariables, including damestic aedit growth, the aiticd reserve floor, the
demand for real money balances and the magnitude of unexpected credit shocks.
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Abstract

Recenfinancia crisesin South-East Asia, and keforethat in Latin America and Europe,
haveshown that the aash of afixed exchangerateregime can have significant negative
real effeds. Theoreticd models that link the probability of a wllapse of a fixed
exchangeate to fundamental eanamic values like domestic aredit, the trade balance,
internationateservesandrel ative pricesarenow standard, bu empiricd testing d these
modelshas nevertheless been very limited. This paper applies sich a model to the
Mexican experience between 19881995 and to several European currencies that
participated irthe European Exchange Rate Mecdhanism (ERM) in the ‘crisis' yea of
1992.

The results for the Mexican case ae encouraging. Mexico experienced severad
periodsof speaulative presaure on the peso between 1988and 1995and the model
predictscoll apse probabiliti eslarger than zero for most of them. Just beforethe oll apse
of the exchange rate in Decamber 1994,the modd indedl indicates a probability of
collapse egual to ore. The results for the European currencies are mixed. The
speculativeoresaure against the Spanish pesetaispredicted well. The problemswith the
Italianlira andthe French franc werepredicted aswell, althoughthetiming o the events
wasna perfedly indicaed. For the Briti sh poundthe Belgian franc, thelrish poundand
the Danish krona the model results are unconvincing.



