View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Papers in Economics

IMF Staff Papers
Vol. 46, No. 2 (June 1999)
© 1999 Infernarional Monefary Fund

Are Currency Crises Predictable? A Test

ANDREW BERG and CATHERINE PATTILLO*

This paper evaluates three models for predicting currency crises that were
proposed before 1997. The idea is to answer the question: if we had been usir
these models in late 1996, how well armed would we have been to predict the Asie
crisis? The results are mixed. Two of the models fail to provide useful forecasts. On
model provides forecasts that are somewhat informative though still not reliable.
Plausible modifications to this model improve its performance, providing some
hope that future models may do better. This exercise suggests, though, that whi
forecasting models may help indicate vulnerability to crisis, the predictive power of
even the best of them may be limi{g&L F31, F47]

| n recent years, a number of researchers have claimed success in systeme
cally predicting which countries are more likely to suffer currency crises.
The Asian crisis has stimulated further work in this area, with several papers
already claiming to be able to “predict” the incidence of this crisis using pre-
crisis datat

It may seem unlikely that it should be possible to systematically predict cur-
rency crises. It is reasonable to doubt that sharp and predictable movements in tl
exchange rate are consistent with the actions of forward-looking speculators
Early theoretical models of currency crises suggested, however, that crises me

*Andrew Berg and Catherine Pattillo are Economists in the Research Department. They would like
to thank, without implication, Graciela Kaminsky, Andy Rose, and Aaron Tornell for help reproducing and
interpreting their results, Brooks Dana Calvo, Maria Costa, Manzoor Gill, and Nada Mora for superb
research assistance, and Eduardo Borensztein, Robert Flood, Steve Kamin, an anonymous referee, and
many IMF colleagues for useful comments.

1MF (1998), Kaminsky (1998a and 1998b), Radelet and Sachs (1998b), Corsetti, Pesenti, and
Roubini (1998a), and Tornell (1998), among others.
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be predictableven with fully rational speculatofdn “second-generation” med
els, a country may be in a situation in which an attack, while nettéide,
might succeed if it were to takplace; thexact timing of crises wuld be essen
tially unpredictable. Een here, though, it may be possible to identify whether a
country is in a zone of vulnerability—that is, whether fundamentals afie suf
ciently weak that a shift inxpectations could cause a crisis. In this case, the rel
ative vulnerability of diferent countries might predict the relatiprobabilities

of crises in response to a shock such as a globmhtdon in conidence in
emeging marlets3

It is one thing to say that currgncrises may be predictable in generalyho
ever, and another that econometric models estimated using historical data on a
panel or cross section of countries can foretell crises witldagree of accurac
It is an open question whether crises aréicahtly similar across countries and
over time to allav generalizations from paskpmerience. br example, models
estimated wer countries without capital mobility may nobwk in a world of cap
ital mobility.4 Moreover, mary factors that may indicate a higher probability of
crisis, such as inadequate banking supervision or a vulnerable political situation,
are not easily quanigd.

The possible endogeneity of pglito the risk of crisis may also limit the pre
dictability of crises. Br example, authorities within a countrygr their creditors,
might react to signals so as teoa crises® Policymakers are oftenighting the
previous battle, so theare likely to respond to the mostwibus indicators from
a previous crisis. On the other hand, a focus by regparticipants on a particu
lar variable could result in its precipitating a crisis where one might not otherwise
have occurred.

The flurry of work between the 1994 and 1997 crises and tly= laumber
of crises obserd in 1997 preides an rcellent opportunity to tesiesting state-
of-the-art “early varning systems” out of sampl€he 1997Asian crises that we
look at here present special challengesydver, on two grounds. First, man
analysts hee agued that the causes of tAsian crises lie not in the traditional
macroeconomic fundamentalatlrather in structural and microeconomic prob
lems such as weak banking supervision, poor corporatermggnce, andven
corruption® Data on these are hard to come diyd the emphasis on these issues
is som&vhat nav, so the wailable empirical models focus rather on the typical
macroeconomicariablesThis bodes ill for the predictability of thesian crises
with these modelsA contrasting line of thought,ub also with pessimistic

2Krugman (1979). In this model, though, theleange rate does not jump and indeed there are no
capital @ins or losses of grsort at the point of crisis, so the redace to the type of crises most people
have in mind may be limited.

3See Flood and Marion (1998) for a sgyrof this literature.

4Flood and Marion (1994) discuss and present sasidece on the predictability of currgncrises
in capital-controlled desloping economies.

SInitially successful early arning systems might thus cease trkvfollowing publication.This is a
version of the Lucas critique.

6Radelet and Sachs (1998a) emphasize the inability of fundamentalplainehe crises, while
Corsetti, Pesenti, and Roubini (1998b and 1998c) focus more on the structural and microeoiamic e
nations. See Lane and others (1999) and) BE999) and references therein foenviewns.
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implications for us, is that th&sian crises were Igely “bank run” phenomena—
panic attacks ajnst otherwise viablexehange rate ggmes.This distinguishes
these crises from those emphasized in most of the empirical models, and suggests
that, at best, only a\ievariables that measuremosure to panigk capital out
flows would be helpful predictors of crisiswhen a crisis will strik would be
difficult or impossible to foretell.

On the other hand, the 1994 X crisis, which vas the immediate inspia
tion for much of the recentavk on crises, does not in marespects look that dif
ferent fromThailands. Sachs (1997) gwes thaiThailands 1997 crisis “has the
same hallmarks [as the 1994 crisisjepaluation of the realxehange rate, ceu
pled with booming bank lending, hely directed at real estatdn any case, each
set of ngv crises alvays presents somewdeatures, so thexsstence of some ne
elty in theAsian crises does notvalidate them as tests of the models we consider

Ultimately, the question of whether crises are predictable can only be settled
in practice.The recent wrk claiming success in predicting crises has focused
almost aclusively on in-sample prediction—that is, on formulating and estimat
ing a model using data on a set of crises, and then judging success by the plausi
bility of the estimated parameters and the size of the prediction errors for this set
of crises® The key test is not, hwever, the ability to it a set of obsentions after
the fact, lut the prediction of future crises.v@n the relatiely small number of
crises in the historical data, the danger is acute that sa¢icih searches through
the lage number of potential predieti variables may yield spurious success in
“explaining” crises within the sampl@he possibility that the determinants of
crises may ary importantly through time also suggests the importance of testing
the models out of sample.

This paper ealuates three diérent models proposed before 1997 for predict
ing curreng crises.The idea is to try to answer the question: if we had been using
these models in late 1996,vihavell armed would we hae been to predict the
Asian crisis? Br each of the three models, we duplicate the original results as
closely as possibléVe then reestimate the models using data through 1996, as
would hare a researcher who at the end of 1996 aimed to predict crises-the fol
lowing yearWe use tw samples of countries: the same as the original papér
another common sample for purposes of comparing the three méttdisen
use the models to forecasteats in 1997We generate a ranking of countries
according to predicted probability orveeity of crisis in 1997 for each model, and
then compare the predicted and actual rankings.

We chose the folleing three approaches based on their promise as early
warning systems, their potential applicability to the 1997 crises, and their success
within sample:

’None of the precrisis models used a measure of short-t¢éemal debt relate to reseres, a ari-
able much emphasized by nyaadwocates of the “bank run” interpretation of these crises, such as Radelet
and Sachs (1998b).

8Exceptions ar@ornell (1998), discussed batpand Kaminsk (1998a), which, while it presents out-
of-sample estimates of the probability of curyendsis, does not puide tests of whether these forecasts
are better than, foxample, guesserk. In addition, Furman and Stiglitz (1998) carry out @erese sim
ilar to ours.Their conclusions are Igely consistent with ourven, with some dierences as noted balo
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» Kaminsky, Lizondo, and Reinhart (1998) (hereafter KLR) monitor gdaset of
monthly indicators that signal a crisis wheaethe cross a certain threshold.
This approach has the potential attraction that it produces threshglosdbe
which a crisis is more lédy. This accords with the common practice of establish
ing certain varning zones, such as current accounicidefbeyond 5 percent of
GDP or resems less than three months of impoftse authors claim some suc
cess in deeloping a set of indicators that reliably predict thellkood of crisis.
Moreover, Kaminsk (1998a and 1998b) and Goldstein (1998)ehasserted that
this method can be applied successfully to the 1997 crises.

» Franlel and Rose (1996) (FR)\ddop a probit model of curreperashes in a lge
sample of deeloping countriesTheir use of annual data permits them to lookast v
ables, such as the compositionxibenal debt, that arevailable only at that frequenc

e Sachs;ornell, andvelasco (1996) (STV) restrict their attention to a cross section
of countries in 1995, analyzing the incidence of the “tequfecgffollowing the
Mexico crisis.They concentrate on a more structurgghdthesis about the cause
of this particular episode, emphasizing interactions among weak banking systems,
overvalued real xchange rates, andvioreseres. They claim to explain most of
the cross-country pattern of currgrarisis in emeging marlets in 1994—-95Their
approach has also been applied to analyzingsien crisis?

I. Three Methods for Predicting Crises
Kaminsky, Lizondo, and Reinhart (1998) Signals Approach
The Model

For KLR, a curreng crisis occurs when a weightedeaage of monthly percentage
depreciations in thexehange rate and monthly percentage declines in esserv
exceeds its mean by more than three standaviatitins10 KLR propose the mon
itoring of several indicators that may tend tehibit unusual behaor during a 24-
month windaev prior to a crisisThey choose 15 candidate indicat@ariables based
on theoretical priors and on theadability of monthly datd! An indicator issues

a signal wheneer it moves bgond a gven threshold heel.

9Tornell (1998), Radelet and Sachs (1998b), Corsetti, Pesenti, and Roubini (1998a), and IMF (1998)
estimate ariants of STV for 1997, all with some success.

10Weights are calculated so that thaxignce of the tee components of the indeare equal. See Bgr
and Rittillo (1998) as well as KLR for further detailgaeding the methodology

ndicators are (1) international resesvin U.S. dollars; (2) imports in U.S. dollars; (perts in
U.S. dollars; (4) terms of trade; (5)viltions of the real»ehange rate from a deterministic time trend
(in percentage terms); (6) thefdifential between foreign and domestic real interest rates on deposits; (7)
“excess” real M1 balances, whepeess is défied as the residuals from aression of real M1 balances
on real GDPinflation, and a deterministic time trend; (8) the monaultiplier of M2; (9) the ratio of
domestic credit to GDP; (10) the real interest rate on deposits; (11) the ratio of (nominal) lending to
deposit rates; (12) the stock of commercial bank deposits; (13) the ratio of broadtmgrass interna
tional reseres; (14) an indeof output; and (15) an indeof equity prices measured in U.S. dollarke
indicator is dehed as the annual percentage change in ttet ¢ the \ariable (&cept for the déation
of the real gchange rate from trend, Xeess” real M1 balances, and the three interest eaitables).

110



ARE CURRENCY CRISES PREDICTABLE?

We can consider the performance of each indicator in terms of the matrix at
right. CellA represents the number of months in which the indicator issued a good
signal, B is the number of months i~

which the indicator issued a bad sign Crisis within | No crisis within
or “noise’ C is the number of months 24months | 24 months
in which the indicatordiled to issue a Signal A 5
signal that wuld hare been a good| Wosissued

signal, and D is the number of montt | no signal c 5

in which the indicator did not issue | wasissued
signal that wuld have been a bad sig
nal. For each indicatorKLR find the “optimal” threshold, dafed as that thresh

old that minimizes the noise-to-signal ratio BFA.

The thresholds are calculated in terms of the percentiles of each codigry’
tribution for the variable in questionAn optimal threshold for a gén predictor
such as domestic credit gvth, might be 80, forxample, meaning that a signal
is considered to be issued whesedomestic credit grath in a gven country is
in the highest 20 percent of obsatiens for that countryrhe optimal threshold is
constrained to be the same across counfflass, minimizing the noise-to-signal
ratio for the sample of countries yields an optimal threshold percentile for each
indicator that is the same for all countridfie corresponding country-specif
threshold alue of the underlyingariable associated with that percentile will-dif
fer across countries, hvever.

The KLR approach is wariate, in that each indicator is analyzed, and optimal
thresholds calculated, separatéyaminsly (1998a) calculates a single composite
indicator of crisis as a weighted sum of the indicators, where each indicator is
weighted by the werse of its noise-to-signal ratio. She then calculates a probability
of crisis for each alue of the agggate inde by observing he often within the
sample a gien \alue of the agggate inde is followed by a crisis within 24 months.

Table 1 presents an analog of gresssion output for the KLR model, as esti
mated in the in-sample period of 197®uril 199513 The first column shws the
noise-to-signal ratio estimated for each indicatorifeef as the number of bad
signals as a share of possible bad signals (B/(B+D)jeti by the number of
good signals as a share of possible good signals (A/(A+C)). Colummw2 ke
much higher is the probability of a crisis within 24 months when the indicator
emits a signal than when it does not (within sampM)en the noise-to-signal
ratio is less than 1, this number is pegifiimplying that crises are more dily
when the indicator signals than when it does not. Indicators with noise-to-signal
ratios equal to or alve unity are not useful in anticipating crises.

12If the absence of a crisis within 24 months is considered the ypditesis, then obsetions of
type B arelType | errors, while obseations of type C ar@ype Il errorsThe procedure can be thought of
as minimizing the ratio ofype | errors, as a share of tranquil periods (B/(B+D)) toType Il errors as
a share of crisis periods (A/(A+C)).

13The in-sample period for the KLR model stopdAjoril 1995 because of the 24-month prediction
window. A person implementing the KLR modelApril 1997 (right before th&hai crisis) vould estimate
the thresholds based on the performance of preeli@iriables measured only througpril 1995, since
after that month it wuld be impossible to kmo(yet) whether a crisis & to occur within 24 months.
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Table 1. Performance of Indicators—In-Sample

23-Country Sample, 1970—April 1995

Number of
Noise/signal  P(crisis/signal) crises
(adjusteg —P(crisig)P with data
Indicator (1) 2) 3)
Real ecchange rate 0.25 29 70
M2/resenes grovth rate 0.39 17 68
Export gravth rate 0.60 9 68
International resees gravth rate 0.44 15 68
Excess M1 balansg 0.60 9 67
Domestic credit/GDP gwath rate 0.78 4 65
Real interest rate 0.76 4 38
M2 multiplier gravth rate 1.14 -2 68
Import grawth rate 1.16 -2 68
Industrial production gnsth rate 1.14 -2 54
Terms of trade gruth rate 0.93 1 55
Lending rate/deposit rate 1.04 -1 29
Bank deposit gnoth rate 1.63 -6 68
Stock price inde growth rate 1.59 -6 44
Real interest diérential 1.34 -4 38
Current account/GDP 0.42 16 70
M2/resenes (level) 0.45 14 51

aRatio of false signals (measured as a proportion of months in walsé $ignals could ke
been issuedd/(B+D)]) to good signals (measured as a proportion of months in which good signals
could hae been issuedA+C)]).

bP(crisis/signal) is the percentage of the signals issued by the indicator that weveddbyp
at least one crisis within the subsequent 24 mon&igAfC)] in terms of the matrix in the xg.
P(crisis) is the unconditional probability of a crisi&;+C)/(A+B+C+D).

cDeviation from deterministic trend.

dResidual from rgression of real M1 on real GDiRflation, and a deterministic trend.

We find eight indicators to be informaé: deviations of the reabehange rate
from trend, the gnoth in M2 as a fraction of resess, &port grawvth, change in
international resems, “xcess” M1 balances, gah in domestic credit as a share
of GDR the real interest rate, and thewtio in the terms of trad¥.

Predicting 1997

We hare already calculated the optimal thresholds and resulting noise-to-signal
ratios for the difierent indicatorsTo forecast for the post-April 1995 period, we

14These indicators are also all informatin the KLR analysisThese results are quite similar to those
obtained by KLR with a di€rent sample of countries and time period, thougp fivend a further four ineli
cators to be informate. See thAppendix for more detail, as well as a full analysis of in-sample performance.
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apply these thresholds to thalwes of the predicte variables after this date,
determining whether tlyeare issuing signals or ndthe frst column ofTable 2
shaws the performance of the Kamiys998a) composite measures of the prob
ability of crisis based on the weighted sum of indicators signaling.

A natural question is whether the estimated probability of crisis igeabd
percent prior to actual criseBhe summary statisticsws shov that only 4 per
cent of the time was the predicted probability of crisis &edb0 percent in cases
when there w&s a crisis within the mé24 months, during the period May 1995 to
December 1997. If we are more interested in predicting crises than predicting tran
quil periods and are not smwied about calling too marcrises, we may ant to
consider an alarm to be issued when the estimated probability of crisivés2iho
percentTable 2 shars that the estimated probabilities are\aha5 percent in 25
percent of the precrisis obsatwns. Sixty-three percent of alarmswewer, are
false at the 25 percent cutof

This is not ery good performance: most crises are missed and most alarms
are flse.These forecasts are, nonetheless, better than random guesses, -both eco
nomically and statisticallyrhe actual out-of-sample frequenaf crisis folloving
an alarm (defed as an estimated probability &b@5 percent) is 37 perceiihe
frequeny of crisis folloving periods without such alarms is 24 percAnd ax?
test of the goodness df fesults rejects at the 5 percentdkof signiicance the
hypothesis that the number of successfully called crises is no higher than if the
warnings were uninformaie 1>

So far we hae examined the ability of the model to predict the approximate
timing of crises for each countty We can alsoaluate the cross-sectional suc
cess of the modelgredictions in identifying which countries are vulnerable in a
period of global ihancial turmoil such as 199The question here is whether the
models assign higher predicted probabilities of crisis to those countries that had
the biggest crise$Ve can thenwaluate forecast performance by comparing fank
ings of countries based on the predicted and actual crisis indege will see,
this also allavs us to compare forecasts across models wifibrdift deihitions of
crisis.Table 3 shws countriesactual crisis indeand predicted probability of eri
sis in 1997 for thearious diferent forecasting methodsThe table also shs
the Spearman correlation between the actual and predicted rankings and its asso
ciatedp-value, as well as the2 from a bvariate rgression of the actual rankings
on the predictions.

The KLR-based forecasts are savhat successful at ranking countries by
severity of crisis.The forecasted probabilities are sigeantly correlated with the
actual rankings of countries in 1997 by their crisis xadéey explain 28 percent
of the \ariance.

To get a richer sense ofwwauseful this general approaclowd hare been, we
now examine more closely the predictions of the KLR-based model foAfsian

15This is true for both the 50 percent and the 25 percentfcutof

16\e say approximate because the model only attempts to place the crisis within a 24-month windo

17The predicted crisis probability is theemage of the probabilities during January to December 1996,
using the out-of-sample estimat@be actual crisis indeused to rank the countries for 1997 is the max
imum value of the monthly crisis indefor each country during 1997.
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Table 2. Goodness-of-Fit of KLR Model—Out of Sample

Cutoff of 50 Percent
Goodness-of-FiTabler

Augmented with current

Original speciication account and M2/resezs
Actual Actual
Predicted Tranquil Crash Total Predicted Tranquil Crash Total
Tranquil 337 117 454 Tranquil 338 122 460
Crash 1 5 6 Crash 0 0 0
Total 338 122 460 Total 338 122 460

Summary Statistics

Original Augmented
p-value fory? test of independence 0.002 No crisis called
Percent of obseations correctly called 74 73

Percent of crises correctly calfe 4 0
Percent of tranquil periods correctly cdlte 100 100
False alarms as a percent of total akstrm 17 No crisis called
Probability of crisis gien:
an alame 83 No crisis called
no alamf 26 27
Cutoff of 25 Percent
Goodness-of-FiTabler
Augmented with current
Original speciication account and M2/resezs
Actual Actual
Predicted Tranquil Crash Total Predicted Tranquil Crash Total
Tranquil 286 91 377 Tranquil 279 83 362
Crash 52 31 83 Crash 59 39 98
Total 338 122 460 Total 338 122 460
Summary Statistics

Original Augmented
p-value forx?2 test of independence 0.014 0.001
Percent of obseations correctly called 69 69

Percent of crises correctly calfe 25 32

Percent of tranquil periods correctly calte 85 83
False alarms as a percent of total astrm 63 60
Probability of crisis gien:

an alame 37 40

no alamf 24 23

aTable shavs number of obseations.
bA precrisis period is correctly called when the estimated probability of crisis & dbe
cutoff probability and a crisis ensues within 24 months.
¢A tranquil period is correctly called when the estimated probability of crisis isviie®
cutoff probability and no crisis ensues within 24 months.
dA false alarm is an obseion with an estimated probability of crisis abahe cutdf (an
alarm) not folleved by a crisis within 24 months.
€This is the number of precrisis periods correctly called as a share of total predicted precrisis periods.
fThis is the number of periods where tranquility is predicted and a crisis actually ensues as a
share of total predicted tranquil periods (obagons for which the predicted probability of crisis
is belav the cutof).
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crisis countries (where crisis is ideigd according to the KLR digftion): Korea,
Indonesia, Malaysia, anthailand, and onAsian and three LatiAmerican non
crisis countries: Philippinegyrgentina, Brazil, and Meco.1® Figure 1 presents
the KLR composite measure of estimated probability of crisis, wveittical lines
at crisis dates.

The KLR probability forecasts do not paint a clear picture of substantial risks
in crisis compared to noncrisis countrigés/o (then) noncrisis countries, Brazil
and the Philippines, consistently present risks of crisiseaB0 percent during
1996. One crisis countriKorea, also presents risks &b@0 percent, though only
in the irst half of the yearwhile Malaysia is generally abbe 20 percent.
Estimated crisis risks remain beld.7 percent in 1996 for the crisis and noncrisis
countriesArgentina, Meico, Indonesia, an@hailand.

In sum, the KLR is a mid succesg.he fitted probabilities from the weighted
sum of indicators are statistically sigo#nt predictors of crisis probability in
1997. Still, the werall explanatory pwver is fairly low, as demonstrated by theMo
R2 statistic in the rgression of the actual on the predicted crisis rankings and the
overall goodness oftffor the out-of-sample predictions.

Frankel and Rose (1996) Probit Model
The Model

FR estimate the probability of a currgnarash using annual data for more than
100 deeloping countries from 1971-92, a much broader sample of countries
than the other tavpapersThe use of annual data may restrict the applicability of
the approach as an earlyaming system, Uit it permits the analysis ofwiables
such as the composition okternal debt for which higher frequendata are
rarely aailable. FR test theyipothesis that certain characteristics of capital
inflows are positiely associated with the occurrence of curyeom@shes:
shares of FDI; o shares of concessional debt or debt from multilatenatlde
opment banks; and high shares of public-sectanable-rate, short-term, and
commercial bank del3®.

18These countries are an interesting tonrandom subsample use them only to illustrate the eon
clusions from the broader sample.

19The complete list of ariables is as follws. Domestic macroeconomianables: (1) the rate of
growth of domestic credit, (2) the gernment bidget as percent of GDE) and the gneth rate of real
GNP Measures of vulnerability tocernal shocks include: (1) the ratio of total debt to G(QJPthe ratio
of reseres to imports, (3) the current account as a percentage qf@0R4) the dgree of wenvalua
tion, defned as the deation from the serage bilateral realkehange wer the period. &reign \ariables
are represented by (1) the percentagevtitoate of real OECD output (in U.S. dollars at 19%€hange
rates and prices), and (2) a “foreign interest rate” constructed as the weigdrsgbaof short-term inter
est rates for the United States, Gergalapan, France, the United Kingdom, and Switzerland, with
weights proportional to the fractions of debt denominated in theargleurrencies. Characteristics of the
composition of capital infles are gpressed as a percentage of the total stocktefreal debt and include
(1) amount of debt lent by commercial banks, (2) amount that is concessional, (3) amounttiettles v
rate, (4) amount that is public sect(%) amount that is short-term, (6) amount lent by multilatenalde
opment banks (includes th&orld Bank and rgional deelopment banks Ui not the International
Monetary Fund), and (7) the floof FDI as a percentage of the debt stock.
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Figure 1. KLR Crisis Probabilities for Selected Countries
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FR defne a curreng crash as a nominakehange rate depreciation of at least
25 percent that alsxeeeds the préous years change in thexehange rate by at
least 10 percenfThus, the type of currepccrisis considered does not include
speculatre attacks successfullyarded of by the authorities through resersales
or interest rate increases. FRj@ that it is more ditult to identify successful
defenses, since resermosements are noisy measures xéleange mart inter
vention and interest rates were controlled for long periods in most of the countries
in the sample.

Table 4 (column 1) presents the FR benchmark probiession, estimated
from 1970 through 1996 for purposes of forecasting 19%& coeficients
reflect the efiect of one-unit changes ingeessors on the probability of a eur
reng/ crash (&pressed in percentage pointsjakiated at the mean of the
data29We can conclude that the probability of a crisis increases when foreign
interest rates are high, domestic creditwgiois high, the reabehange rate is
ovenalued relatie to the merage lgel for the countrythe current account
deficit and the iiscal surplus are lge as a share of GD&ternal concessional
debt is small, and FDI is small rehati to the total stock ofxéernal debtl
As noted in théAppendix, the in-sample goodness dfdf the FR model is
reasonably high.

Predicting 1997

The FR model estimated through 1996 can easily generate out-of-sample pre
dictions for 1997We cannot directly analyze goodness ibffér this model,

as there were no crisis countries in 1997 according to the HRitobef.22
Instead, we can compare the predicted probabilities of crisis and aatuesv

of nominal échange rate depreciation for 1997 for predictions based on model
1 of Table 4 (Bble 3). Oerall, the forecasts are not successful, with a eorre
lation of 33 percenfThe fraction of the ariance of the rankings accounted for
(measured by th&2) is 11 percent, and the prediction is not sigaifit23 In

sum, the FR modekils to provide much useful guidance on crisis probabili
ties in 1997.

20Thus, an increase in thegtee of @change ratewervaluation by 1 percentage poinbuld increase
the estimated probability of crisis by 0.172 percentage points.

2IThis contrasts somnadat from the published FR results, particularly in the sicariice of the cur
rent account and the reatolange rate and the insigndnce of resemes/importsThese changes result
from several diferences in spedcifation. In addition to the inclusion of more recent years, the mostimpor
tant changes were that weckide countries with a population beld million or annual per capita GDP
belonv $1,000 and that we h@ fixed an error that resulted in a miscalculated recti@nge rate measure.
See thé\ppendix for details.

22This reflects thedct that the use of annual frequgrdoes not wrk well here; because the
devaluations happenedward the end of the yeamone of theAsian countries are idenigfd as crisis
countries in 1997.

23This correlation is based on the 13 countries for which datavailatde that are part of the 23-
country common sample. Based on the full sample where dataailabbe (25 out of the 41 countries
included in model 3A ofAppendixTableA3), the forecasts areven less successful.
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Table 4. Frankel and Rose: Probit Estimates of Probability
of a Currency Crash, 1970-96

Model 1 Model 2

FR speciication Modified

dF/dx |zl dF/dx [zl
Commercial bank share of total debt  0.022 0.1 0.121 1.0
Concessional share —0.296 —2.3 ** —0.305 —3.3 ***
Variable rate share 0.020 0.1 —0.089 -0.6
Short-term share 0.106 0.6 0.161 1.1
FDI/debt —0.795 —2.5 ** —-0.576 -1.8*
Public sector share 0.212 1.7 * 0.247 2.4 **
Multilateral share 0.021 0.1 0.045 0.4
Debt/GNP -0.025 -0.5 0.021 0.6
Reseres/imports —-0.007 -1.3
Reseres/M2 —0.206 —3.5 ***
Current account/GDP -0.697 2.4 ** -0.679 —2.8 ***
Overvaluatian 0.172 2.9 *x=x 0.107 2.4 **
Government bdget surplus/GDP 0.767 2.6 *** 0.595 2.6 **
Domestic credit gnoth 0.182 4.4 *** 0.119 3.1 *x*
GDP gravth rate —-0.058 -0.9 -0.017 -0.3
Foreign interest rate 1.007 2.0 ** 0.909 2.3 **
Northern (OECD) grath 0.414 0.4 0.033 0.0
Open -0.239 —4.]1 ***
Sample size 464 448
Pseuddr? 0.20 0.32

Goodness of Fit

Model 1 Model 2
Actual

Tranquil Crash Total Tranquil Crash Total

Cutoff probability of 50 percemnt

Predicted tranquility 398 50 448 381 40 421

Predicted crash 6 10 16 7 20 27

Total 404 60 464 388 60 448
Cutoff probability of 25 percerd

Predicted tranquility 373 34 369 342 22 369

Predicted crash 31 26 57 41 38 79

Total 404 60 426 383 60 448

a0ne, two, and three asterisks denote siigaifice at the 10, 5, and 1 percenels, respectely.
bDefined as the deation from the gerage realxchange ratever the period.
CA crisis is correctly called when the estimated probability of crisis i8ea0 percent if a cri
sis ensues within 24 montl#stranquil period is correctly called when the estimated probability of
crisis is belav 50 percent and there is no crisis within 24 months.
dA crisis is correctly called when the estimated probability of crisis isea®b percent if a cri
sis ensues within 24 montl#stranquil period is correctly called when the estimated probability of
crisis is belav 25 percent and there is no crisis within 24 months.
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Sachs, Tornell, and Velasco (1996) Cross-Country Regressions
The Model

STV analyze the impact of Mi&o’s financial crisis of December 1994 on other
emeging marlets in 1995They examine the determinants of the magnitude of the
curren crisis in a cross section of 20 countries in 199%s approach cannot
hope to shed light on the timing of crises. Ratitemay answer the question of
which countries are most &ky to sufer serious attacks in theent of a change

in the global evironment.This approach is potentially attracti ezen for our pur
poses, for a number of reasons. First, the timing may be much harder to predict
than the incidence of a crisis across countries. Memethe determinants of eri

sis episodes may b varied importantly wer time. STV can impose more eco
nomic structure on their analysis by focusing on a particular set of crises (those
occurring at one time). STV gue that a & feature of the 1995 crisesaw that

the attacks hit hard only at already vulnerable countries. In a rational panic,
investors identify a country as beingdli« to sufer from a lage devaluation in the

face of an outfla, and \alidate their an concerns by fleeing the countmhus,
countries with gervalued &change rates and weak banking systems were subject
to more seere attacks, Ut only if they had lav reseres relatve to monetary lia
bilities (so that thg could not easily accommodate the capital ouffland weak
fundamentals (so thaighting the attack with higher interest ratesuld be too
costly).

The original STV model as not designed to predict future crisasrather to
explain events in 1995. & our purposes, it is important for the crises thizictéd
mostly Asian countries in 1997 to & been broadly similar to the 1995 crises.
And in fact a number of researcherss@agued since 1997 that thedvsets of
crises share marcharacteristics. Radelet and Sachs (199&a)eathat the 1997
and 1995 crises shared important characteristics, though their interpretation of
post-ThailandAsian crises relies more hély on contagion décts. The IMF
(1998) agues that the STV results apply to #san crisis and constructs a com
posite indicator of crises on that basis. Radelet and Sachs (1998t (1998),
and Corsetti, Pesenti, and Roubini (1998a) also apply models in the STV spirit to
both sets of crises.

Tequila Crisis Models

STV defne a crisis inde (IND) as the weighted sum of the percent decrease in
reseres and the percent depreciation of tkehange rate, from Nember 1994

to April 1995.They ague that countries had moresege attacks when their bank
ing systems were weak (proxied by a lending boamable {B) measuring
growth in credit to the pviate sector from 1990 through 1994) and when the
exchange rate as oenalued (measured as thegdee of depreciation from
1986-89 to 1990-9RER). Moreover, they find that thesedctors only matter for
countries with lav reseres DLR), measured as Wiag a resergs/M2 ratio in the
lowest quartileand“weak fundamentals'@WF), which means héng RERIn the
lowest three quartiles @B in the highest three quartiles.

120



ARE CURRENCY CRISES PREDICTABLE?

Thus, thg estimate across theountries in their sample an equation of the form:

IND; = B1 + B2RER + B3LB; + B4RER « DLR + BsLBj+ DLR +
BsRER « DWF, + B,LB; « DWF + €.

Regression 1 offable 5 reproduces the original STV benchmadtassion,
using their dat@4 The results emphasized by STV arestf that the déct of RER
is signifcantly nejative for countries with kv reseres and weak fundamentals
(the sum of estimates @ + 34 + B IS nagative), and the éct of LB is signii-
cantly positve for these same countries (the sum of estimat@g 6f3s + 7 is
positive). They take the highR2 of the rgression (0.69) to indicate that the model
explains the pattern of contagion well.

To apply this model to the 1997 crises, we run the model the original
STV sample (rv 2 of Table 5) as well as the same sample of 23 countries to
which we apply the KLR approach (wa3). The reyression coéicients change
substantiallyThe STV lypotheses ne receve only mixed support. &r example,
when reised data are used W), the eflect of RERwith low reseres and weak
fundamentalsf{, + 4 + Be) is naw insignificantly different from zero, while the
coeficient onLB with low reseres (33 + Bs) increases sigridantly.

The fragility of the STV results with respect to the datasrens that hee
taken place since their estimations and to the addition of three countries to the
sample casts some doubt on the usefulness of thisisp8eii for theAsian
crises.We nonetheless generate predictions for 1997 based on these estimates
dravn from theTequila crisis.

Predicting 1997

To implement the STV model for 1997, we mechanically update the &fiV v
ables and apply the cdiefents from the STV mressions for th@&equila crisis to
obtain predicted alues for the 1997 crisesoiFthe dependentaviable that mea
sures the serity of the crisis, we measure percent depreciation of the nominal
exchange rate fromApril 1997 through December 19970mhe &planatory vari-
ables, we mee all the ddhitions forward two yearsWe then calculate forecasts
of devaluation using the cogient estimates from the STV benchmark spesif
tion estimated for th&equila crisis.

Column 7 ofTable 3 sharis the country rankings based on the actahles of
the crisis inde for 1997, dehed, analogously to ST\as the change in the nem
inal exchange rate betwedpril and December 1997. Column 8 presents country
rankings based on applying the daménts from the STV mgression estimated
over the 23-country sample to the updalt®&land RERvariables and associated
dummy \ariables.

STV themseles try maw variants of their benchmarkgeession, in their case
to demonstrate ralstness. & example, the STV dédition in terms of the \aer
age leel of the real xchange rate in the 1990 through 1994 periodidd by the

24Rgyression 1 dfers slightly from the published benchmargnession, as discussed in tygpendix.
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average lgel during 1986 through 1989 clearly has an arbitrary element, and the
also try other measures, such as the percent change in thecremige rate from
1990 to 1994.

None of these forecasts performs wdlhe most successful specdtion,
based omable 5, rgression 4, empies one of the alternat defnitions of RER.
Its forecast rankings of crisiswagity are insignitant predictors of the actual rank
ings and gplain only 5 percent of theaviance of the actual country rankir#gs.

A recent paper @rnell, 1998) may seem to contradict the results in this paper
Tornell estimates a modekry similar to STV stacking obseations from the
1994/95 crisis and the 1997 crisis. a6 that his n& model: (1) its fairly well,
with significant coeficients plausibly signed; (2) has cheients that appear sta
ble between the twsets of crises; and (3) whetted with the 1994 obseations
only and forecasting for 1997, produces good predictions, much better than the
STV forecasts xamined here and comparable to the KLR-weighted sum of
indicators-based probabilities.

Rather than pmading a counteneample to the results presented here, this
effort illustrates the importance of testing models out of the sample used to for
mulate them, as we do herevariety of apparently small modihtions charac
terizes the dference between the speéciftion in STV andornell (1998), and yet
these respeddations apparently makthe diference between success aailufe
in predicting the incidence of the 1997 crises “out of saif#fle.

This suggests that spdcdtion uncertainty can be as important as parameter
uncertainty across crisis episodes, at least for techniques such as STV that rely on
a small number of obseations and relately comple models. Only the appliea
tion of models to episodes that postdate the design of the modielggran appro
priately tough test. Unfortunately for our purposes, the apparent need for a
separate spedifation search for the meset of crises casts some doubt on the use
fulness of this sort of approach for predicting future crises.

Il. Do Additional Variables Help?

We hare seen thatwen the most successful of the models under consideration
(KLR) has #irly low explanatory paer. None of these papersag meant to be

the last vord on forecasting, lweever, so it is reasonable to ask whether dia

have been possible to do better with some reddifi minor modifcations. We

have already corrected some errors in theviogs \ersions, as auld aryone

29In light of this predictre failure, we hae also considered a much less ambitious test of the STV
model, justifed by the idea that we may reasonaligext some constapof the general model of crisis
episodes\en if parameter constanéails to hold. It turns out, leever, that @en when reestimated using
1996 and 1997 data ta@ain the 1997 results, the STV model applied to the 1997 crisis meets with little
successThe results ary strongly depending on theaet specitation, lut the ft is aways poorCompared
with its application to the 1994 crisis, the daménts are economically and statisticallyfeliént, and the
explanatory pawer of the rgressions is muchveer. Naturally the in-sample results for 1997 are superior
to the out-of-sample predictions wevkaalready analyzed. It is remarkable, though, that the Sgi¢ge
sion reestimated with 1997 data performs seh@t worse than the KLR out-of-sample forecasts.

26Bussiere and Mulder (1999) camfi this conclusionThey find that theTornell (1998) model per
forms poorly at predicting 1998 crises.
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implementing them in early 199We have also lookd at rolistness to alternate
samples and, in the case of ST changes in the daition of some of the
explanatory wariables. Here, though, we go one step further and ask whether the
addition of some plausible right-hand-sidariables wuld hare greatly
improved the performance of the modéls.some gtent we are, then, diating

here from the approach of testing “pure” out-of-sample forecasts.

KLR omitted seeral \ariables that\en prior to 1997 were clearly idemgid
in the literature as important potential determinants of crisis, most notablyehe le
of the ratio of M2 to resees and the ratio of the current account to GO used
the rate of grath of M2/reseres, lut most discussions of crisis vulnerabilitea
then focused on thevel of this \ariable. KLR did not use the current accoin.
find that in the KLR fram&ork both the leel of M2/reseres and the ratio of the
current detit to GDP are highly informate over the in-sample period, aable 1
shavs 27 As shavn in the second column dible 2, the KLR model augmented
with these tw additional ariables performs noticeably better out-of-sample than
the original model. & example, 32 percent of the precrisis obations are called
correctly at the 25 percent cut,ofompared with 25 in the original model. In the
rank correlation test, the augmented madetedictions are more highly correlated
with the actual ranking of crises, with a correlation ficeint of 0.60 compared
with 0.54 for the original model (columns 2 and Jrable 3).

For the FR model, we also tried altermatexplanatory variables, all estimated
using data through 1998Ve sav in the original FR speddation that the ratio of
resenes to imports does not seem to matiégasuring resees as a ratio to short-
term eternal debt and to broad mgn@12) have both been suggested as alterna
tive ways of measuring the adequaaf reseres2e We find that both the ratio of
reseres to short-termxternal debt and that of reses/to M2 are separately sig
nificant predictors of crisi&/hen all three reseewatios are included, the ratio of
reseres to M2 is signi€ant at the 1 percentJel, while the ratio of resees to
short-term gternal debt is signiant at the 10 percentel. The ratio of resels
to imports is insignitant and wrongly signedihe degree of openness of the
economy may indicate the Xibility of the adjustment mechanism in the country
and hence the probability of crisi/e find that more open economies, as mea
sured by the share okgorts and imports in GDWvere signiicantly less lilely to
suffer a crisis?® Changes in the terms of trade had no apparent impact onehe lik
lihood of crisis, while measuring the debt compositiariables as a share of GDP
rather than total debt also had nteef. Interacting short-ternmxeernal debt with
credit gravth, in the spirit of STValso did not help predict crises.

27The current account is measured as aingpaverage of the preous four quartersWe use our
interpolated monthly GDP series to form the ratio of the current account to tegnagerage of GDP
over the same period.

28See Cale and Mendoza (1996) on Meo for an emphasis on the ratio of M2 to ressrand
Radelet and Sachs (1998a) onAls@n crises for a focus on short-terrteznal debt/resees.The inclu
sion of the ratio of reseeg to short-termxgernal debt is particularly in violation of the out-of-sample
spirit of this paperas most of the interest in thianable postdates thfesian crises.

29Milesi-Ferretti and Razin (1998) malkhis agument and include thisaviable in a similar igres
sion with some success.
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As a result of this speahtion search, gression 2 oTable 4 includes the ratio
of reseres to M2 and the deee of openness of the econoifigese additions do
not help performance in 1997, aswhan column 6 offable 3, which shas that
the correlation of predicted and actual rankings of crises in 1997 is still small and
insignificantly different from zero.

We did not attempt to addasiables to the STV model, partly because the
small sample size renders thekeise particularly prone to data mining and also
because STV themseas consider and reject the main altenatcandidate
explanatory ariablesWe noted abee that we hee investigated a ariety of dif
ferent specitations suggested by STV themsslywithout success.

lll. Is It Fair to Compare Such Different Models?

We have judged these models based on their forecasting performance. Only the
KLR model was designedxglicitly with this objectie in mind, and so it is per

haps not surprising that it is the most successfulveder, FR is also a panel-
based approach, and it is a reasonable test of the model tovaskehat fits in

more recent yearé&nd the \alue of the STV model depends in part on its appli
cability to crises in general, not just to thoserowhich it was estimateé?

We have analyzed and compared results from three models tfeatiditritical
ways. Most fundamentallyhey are models with diérent crisis defiitions—that is,
dependentariables—and diérent samples. Since each model is forecasting-some
thing different, the comparison of typical statistics such a&lig not helpful We
have therefore relied on goodnessigfwhere applicable, and more generally on the
rank correlation of predicted probabilities and actual incidence of crisis in 1997 in
assessing the modéls.

It is nonetheless important tedp in mind that success hagatiént meanings
for each of the modelsoF STV, it would imply that the relate seerity of crisis
was predictable, gen the time period during which attacks might kpeeted to
occur KLR (and @en more so FR, because of the shorter forecast atterv
attempt as well the more ambitious task of predicting the timing of crises. It is per
haps surprising that KLR ackies some success at both ranking (as measured by
the correlations of predicted and actual for 1997) and timing, as measured by the
goodness-ofif statistics.

The three models embody fdifent deihitions of crisis. STV and KLR agree
on looking at a crisis indethat combines information on reserlosses and
exchange rate depreciations, on the grounds thgtateetrying to measure pres
sure on thexxhange rgime, whether it results in a\dduation or not. FR mea
sure only thexechange rate, though ely on the practical grounds that data on
resere changes are noisyR and KLR choose to look for discrete crisesneef
as treme \alues of the underlying ingeThis approach may be juséfl on the

30Many have tried to apply the model to other crises, as mentioned in footnote 9.

31For the same reason, it is also not helpful to directly compare probabilities of crisis across models.
Where the crisisvents are more common, the unconditional probabilities, and hence the mean forecast
probabilities in an unbiased model, are higher
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grounds that crises represent a structural break in theibebathe exchange rate

and resergs compared to other times; the models are attempting, then, to predict
the breaks, not the behar in between. STV do not predict crises as discrete
events; ratherthey try to predict the seerity of crises as measured by the percent
change in a crisis indeover a particular period.

Different crisis défitions yield diferent results, and all operationalidéfons
of crisis contain measurement error in thay tbely imperfectly capture whater
we hare in mind by currenccrises3? This may vorsen the performance of the mod
els, though it may mean that yheeally” work better than reported, in that some of
the false alarms or missed crises mayehbeen due to measurement error of the
dependentariable. We hare not eplored this issue here.

The models in their original forms were estimatedroquite diferent sam
ples: FR used the broadest possible samplevell@ging countries\er 22 years;
STV estimatedeer only a cross section of “engémg marlkets’—that is, countries
in the IFC database—at a particular time characterized by contagion and crisis;
and KLR included an eclectic mix of widoping and desloped countries, the
latter in particular chosen partly becauseythad crises, \er 25 yearsWe have
to some gtent tested whether thesefdiences in sample were important, by
reestimating the modelsver the original andver a common sampl&Ve have
found that the KLR results weraifly rohust to this change, though wad fewer
indicators to be informate. The FR speci€ation changed in some important
ways with the restriction of the samgkeThe STV results turned out to be most
fragile to changes in sample, botteo the original time period and also with
respect to future crisis episodes. It turns out, though, thatahegien in perfor
mance of the STV and FR models across samples did not matter along ore impor
tant dimension: in no case did the out-of-sample forecasts predict crises well.

The models forecastver different time horizons. FR and STV forecast
roughly one year out, while KLR considers an alarm to be correct if a crisis hap
pens ag time within a 24-month winde. This difference is not responsible for
the superior performance of the KLR model, as it performs about as well when
attempting to forecast crises 12 months ahead rather than 24.

Furman and Stiglitz (1998) apply the KLR methodology to predictingsian
crisis and, while thedo not systematicallyvaluate the results, conclude that it does
not work well, noting some successthmary false positres. They dismiss what
success thedo obsere lagely on the ayjument that the method of measuring-pre
dictive variables in terms of percentiles is biasedavof of predicting crises in
countries that hae previously had little wlatility in predictive variables. Br exam
ple, even relatvely small real echange rate appreciation results in gdégoercentile
deviation in historically tranquil countries, such as &san crisis countriesVe
find this agument uncompellinglhere are manreasons wjn measures that cem
pare \ariables to their wn history may pick up important trenddfieiently.34

32See Milesi-Ferretti and Razin (1998) on sewiitito alternatve crisis dehitions in the FR model.

33See theA\ppendix for detalils.

34A doctor may well ask whether a patient has lost weight, nethi® weight compares to the stan
dard charts, when looking for signs of sicknesse (fank Joseph Stiglitz for this analggy
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Ultimately, the question is empirical. liadt, the KLR model does not tend tosys
tematically @erpredict crises in-sample in reladly tranquil countries.

The models analyzed in this paper are, with the partieéption of STY
reduced form and nonstructuréln alternatve approach is to estimate a well-
defined structural model. Blanco and Garber (1986) estimate a model of gurrenc
crisis probability for M&ico that achiees some succesBhe results of this sort
of model are hard to compare with those we consider here. First, their results are
essentially a special case, in thatyttig a speciic structural modelThe frst-
generation model tlyeestimate, with xcess domestic credit creation\dng a
crisis, is more plausibly applied to the specdrises thg consider (Mgico’s in
the 1970s and 1980s) than in masther casesTheir estimation depends on
using the interest rate thfential as a measure okpected dealuation.The
empirical rel@ance of this assumption is doubtful, despite its plausilfity
Moreover, they estimate only one period ahead, a horizon that may be of limited
use for poligmalkers36

IV. Conclusion

We hare examined the xtent to which models formulated and estimated prior to
1997 would have helped predict the 1997 currgrisesThe eercise is thus “out

of sample” both in the sense that we estimate the models using data only through
1996 and, equally important, in that the models therasekere spedéd prior to
1997.The results of this unusually tough test are generally though not unambigu
ously ngative. Two of the three models (STV and FR) yicke forecasts that are

no better than guesswk. Ex ante plausibleaviations in sample and specition

did not change this result.

The KLR model, in contrast, achied a measure of succeshe probabilities
of crisis it generated during the period May 1995 to December 1996 were-statisti
cally significant predictors of actual crisis incidenceeo the subsequent 24
months. Morewer, its forecasted cross-country ranking ofeséy of crisis is a
significant predictor of the actual rankinthis success should not beaggerated.

The model does nokplain a lage part of the actuakviation in outcomed¥Vhen

this model issued an alarm during the May 1995 to December 1996 period, a cri
sis would actually hee followed in 1997 37 percent of the tirfe€This compares

with a 27 percent unconditional probability of crisis in 198Ad the model
explains only 28 percent of theation in actual crisis rankings.

We also tried addingarious &planatory wariables to the models. Plausible
modifications to the STV and FR models did not yield useful forecasts, e
some, such as the inclusion of short-temtemal debt, actually inspired by
events in 1997The addition of tw variables to the KLR model that were widely

35The interest dferential did not signal arxpected gchange rate change in ahce of M&ico’s
1994 crisis, a¥Verner (1996) discusses.

36Their estimated probabilities of crisis are generally soma¢ lover than those of KLR Igely
because theare trying to predict a much rarereat than KLR (a crisis mé¢ month, as opposed to a-cri
sis sometime within the Re24 months).

37An alarm here is defed as a predicted probability ateo25 percent.
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considered good indicators prior to 1997—theeleof the current account bal
ance and M2/reseeg—impraes performance sonwhat.

The answer to the question posed in the title of this paper is thus tyemtb
very well” The answer is “yes” since the KLR forecasts, amehemore so the
modified model, are clearly better than avedbenchmark of pure guessik. We
say “not \ery well” becauseven the KLR model issues moralde alarms than
accurate arnings, while it misses most crises.

We hare judged the forecasts of these modetsresg a naie alternatie of pure
guesswrk, and the statistically sigigant results do not imply that the KLR model
does better than the analysis of informed olbmmsrvSystematic comparisons
against alternatie benchmarks awld be interesting. It is not easy iad more
challenging comparators, Wwever. First, ratings agencies such as Mosadyid not
warn marlets aginst the EasAsian crises of 1997 Goldfajn andvaldés (1998)
shav that xchange ratexpectations of curreydraders do not help predict crises.
And there is little @idence that interest dérentials systematically predict cris8s.

The out-of-sample comparison offdifent approaches priades some insight
into important issues in the empirical modeling of curyesrises We have found
that reestimating the panel-based KLR and FR modes different samples of
countries and longer time periods has presgmost of the economically impor
tant resultsThe STV model has pved lagely unstable. More recentfefts to
apply STVlike models to thAsian crises ha met with some succe&®hile this
may help &plain the crisis, it seems that the approach of carefiiigyg a small
set of crises is not promising as ayto predict the né round.To put it another
way, specifcation uncertainty appears to be as important as parameter uncertainty
for ST\Atype approaches, which represent a more cotrgpecifcation ftted to
mary fewer obserations.

We hare also shed some light on the styledts about crisedAll three
approaches demonstrate that the probability of a cuyrremsis increases when
domestic credit gneth is high, the realx@hange rate iswervalued relatie to
trend, and the ratio of M2 to resesvis high. Both FR and KLR also suggest that
a lage current account deit is an important riskdctor4® These conclusions
imply that elements of bothrét- and second-generation models arevegie
M2/reseres would seem to play a more important role in second-generation mod
els of crisis that emphasize multiple equilibria, while the otheables are more
suggestie of traditional irst-generation models.

Where do we go from here? In this paper weehseen that the addition of
some plausibleariables imprees performance of the KLR model samat. In

38After years of stable or increasing ratings, tingt lovngrade in thé\sian crisis countries as a
negative outlook inThailand in February 1997 (Moody’ The rest were not edangraded until mid- to
late 1997. SeAdams and others (1998).

3%The nominal interest dérential alone does not predict crises well in our sample of countries. In a
bivariate probit rgression (not shven), the nominal interest dirential is statistically sigridant, kut the
goodness ofiff is much vorse than for the KLR model weeconsidered, and the out-of-sample fore
casts are not helpfulhe real interest diérential does warse still.

40The real gchange rate and the current account are not gigntfin the original FR sped@#tion,
as discussed in thgppendix.
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a related papewe depart from the entire “indicators” methodology that looks for
discrete thresholds and calculates signal-to-noise rétinstead, we apply a pro

bit regression technique to the same data and crisisitilafi as in KLR. In the
process we test some of the basic assumptions of the KLR approachc&pgcif
we embed the KLR approach in a mudtiiate probit fram@ork in which the inde
pendent griable taks the wlue of one if there is a crisis in the subsequent 24
months and zero otherwisEhese probit models prme generally better forecasts
than the KLR models. In the process, wwlfalso that the data do not generally
support one of the basic ideas of the KLR indicator approach: that it is useful to
interpret predictie variables in terms of discrete thresholds, the crossing of which
is particularly signitcant for signaling a crisis.

A variety of specitation issues appearovth eploring, particularly in the
contet of probit-based models estimated on panel d&&acan be cordent that
future papers will predict past cris@dis eercise suggests, though, that while
crisis forecasting models may help indicate vulnerability predictre paver of
even the best of them may be limited.

APPENDIX

Issues in Reestimation and In-Sample Results

In the text we present the KLR, FR, and STV models estimated with a common sample, and
analyze the success of the out-of-sample predictions for T#@¥ appendixifis in some of

the steps. First, we discuss issueslived in the reestimation of the models, including the
effects of updating the estimation period, changing the saniiteg firy errors in the original
estimates, and using more recentiilable and hence vised data. Second, weatuate the
in-sample performance of the models.

Kaminsky, Lizondo, and Reinhart (1998) Signals Approach

We first reproduce the KLR results using the same 20-coul@@0—95 sample thieise42 Our
results are broadly similar to those of KLR, though columnTabfeAl shavs slightly wealer
performance than reported by KLR for most of the indicatorgef@ifices are stagk for four
indicators, for which KLRihd a noise-to-signal ratio substantially lvelonity while we ind
a ratio abwe unity Thus, although KLRifid 12 informatve indicators—that is, those with
noise-to-signal ratios behounity—we fnd only 8 of these to be informedi43

Next, we modify the sample in twways. First, we estimate only througlpril 1995.
This reflects the informationvailable to the analyst just before theai crisis of July 1997,

41See Beg and Ruttillo (1998 and 1999).

42Argentina, BoNia, Brazil, Chile, Colombia, Denmark, Finland, Indonesia, Israel, Malaysia,
Mexico, Norway, Peru, the Philippines, Spain, Swed€nailand, Turkey, Uruguay andVenezuela.

43There are a number of possible reasons for tifierelifces in result$Ve have found that our imple
mentation of the KLR défition of crisis results in a set of crisis dates that do not fully match the KLR
crisis dates as reported in Kamipsind Reinhart (1996). Speciilly, we fail to match 14 out of 76 KLR
crises. Some of this discrepgnmay come from diérences in the va data.We hae found that seem
ingly small diferences due to vesions in International Financial Statistics (IFS) data can strongly influ
ence the results, and furthermoreyth@d we separately “cleaned” the data of errors.
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since the ealuation of an obseation requires knwing whether there will be a crisis within
24 months. Second, we change the sample of countries: we omiteleufopean countries
from the sample and add other egieg marlet economiesThis sample is more appropriate
for our concern with crises in “enggng marlets” and also sees as an informal test of
robustness of the KLR approaé¢hTable 1 in the tet shavs that indicator performanceer

the lager sample is broadly similar to results using the KLR saniple.aerage noise-to-
signal ratio &lls a little for the informatie indicators in the 23-country sample (as well as for
the entire set of indicators).

So far we ha&e looked at each indicator separatdfgllowing Kaminsky (1998a), we nd
calculate the weighted-sum-based probabilities of cisisis produces a series of estimated
probabilities of crisis for each countijhese should be interpreted as the predicted probability
of crisis within the net 24 months, based on the (weighted) number of indicators signaling in
a given monthié

How good are these in-sample forecasts in predicting crises during January A9ri0 to
19957 Ier zero/one dependenanables, it is natural to ask what fraction of the olet@as
are correctly calledA cutoff level for the predicted probability of crisis is tefd such that a
crisis is predicted if the estimated probability is\abthis thresholdThe resulting goodness-
of-fit data are shan in the frst two columns ofTableA2 for two cutofs: 50 percent and 25
percent’

What can we concluderhe frst column ofTableA2 displays the goodness-adf-inea
sures for the KLR weighted-sum-based probabilities, using the originalisataif and our
new sample.The model correctly calls most obsations at the 50 percent cutoflmost
entirely through correct prediction of tranquil periods (i.e., those that are netddlloy crises
within 24 months)Almost all (91 percent) of the crisis months (i.e., obstéons follaved by
a crisis within 24 months) are missedeBwvith so fev crisis obserations correctly called, 44
percent of alarms (i.e., obsations where the predicted probability of crisis isveb0 per
cent) aredilse, in that no crisis i€t ensues within 24 months.Xtlewe add the te newv vari-
ables, current account and M2/reg=rin levels.As the second column @ableA2 shawvs, the
addition of theseariables only modestly impves the performance of the KLR-based proba
bilities. A x2 test rejects the null that the forecasts and actual outcomes are independent at the
1 percent leel.

With a lower cutof of 25 percent, 41 percent of crisis obsgions are correctly called by
the original KLR modelThe probability of a crisis within 24 months ism87 percent if there
is an alarm, much higher than the unconditional probability of crisis of 16 percent in this sam
ple. Nav, however, 63 percent of alarms aral$e.A X2 test also rejects the null that the fore
casts and actual outcomes are independent at the 1 pevetiiele.

Our analysis of the in-sample success of the KLR-type models suggests that the
approach can indeed be useful and the model doesisaniy better than guesses based on
the unconditional probability of crisis. Nonetheless, most crises are still missed and most
alarms aredlse.

44\e add the follwing to the 15 KLR emging marlet economies: India, Jordanp#€a, Rkistan,
SouthAfrica, Sri Lanka,Taiwan Proince of China, and Zimbabwe.

45Two issues mgarding the treatment of missing data in the KLR fraoré desere mentionA key
variable is c24, which is dekd to equal one if there is a crisis in thetr# monthsThis variable is dehed
as long as one obsation is @ailable (either a crisis or noncrisis month) in thevaé 24-month period.
Secondlythe weighted sum of indicators signaling is calculatedigied that data on at least one of the-indi
cators is wailable.The weighted-sum-based probabilities are calculated using the same principle.

46Unlike Kaminsly (1998a), we use only the good indicators, that is, those with noise-to-signal ratio
less than one.

47SeeTable 2 footnotes for precise @gfions of “correctly called” and related terms.
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Table A2. Goodness of Fit of KLR Model—In Sample

Cutoff of 50 Percent
Goodness-of-FiTabler

Augmented with Current

Original Specifcation Account and M2/resees
Actual Actual
Predicted Tranquil Crash Total Predicted Tranquil Crash Total
Tranquil 5541 1,114 6,655 Tranquil 5581 1,115 6,696
Crash 90 115 205 Crash 50 114 164
Total 5631 1,229 6,860 Total 5631 1,229 6,860

Summary Statistics

Original Augmented
Percent of obseations correctly called 82 83
Percent of crises correctly calle 9 9
Percent of tranquil periods correctly cdlte 98 99
False alarms as a percent of total atrm 44 30
Probability of crisis gien:
an alame 56 70
no alamf 17 17
Cutoff of 25 Percent
Goodness-of-FiTablet
Augmented with Current
Original Speciication Account and M2/resees
Actual Actual
Predicted Tranquil Crash Total Predicted Tranquil Crash Total
Tranquil 4,790 728 5,518 Tranquil 4,568 658 5,227
Crash 841 501 1,342 Crash 1,063 571 1,634
Total 5631 1,229 6,860 Total 5,631 1,229 6,860
Summary Statistics
Original Augmented
Percent of obseations correctly called 77 75
Percent of crises correctly calfe 41 46
Percent of tranquil periods correctly cdfte 85 81
False alarms as a percent of total akstrm 63 65
Probability of crisis gien:
an alame 37 85
no alamf 13 13

aTable shavs number of obseations.
bA precrisis period is correctly called when the estimated probability of crisis & dbe
cutoff probability and a crisis ensues within 24 months.
A tranquil period is correctly called when the estimated probability of crisis isviiée
cutoff probability and no crisis ensues within 24 months.
dA false alarm is an obsextion with an estimated probability of crisis &bdhe cutdf(an
alarm) not folleved by a crisis within 24 months.
€This is the number of precrisis periods correctly called as a share of total predicted precrisis periods.
fThis is the number of periods where tranquility is predicted and a crisis actually ensues as a
share of total predicted tranquil periods (obagons for which the predicted probability of crisis
is belav the cutof).

132



ARE CURRENCY CRISES PREDICTABLE?

Frankel and Rose (1996) Probit Model Using Multi-Country Sample

TableA3 (column 1) presents our reproduction of the FR benchmark prgbésson, using
the same sample of annual data feerol00 deeloping countries for 1970-92. FR conclude
from this and aariety of similar rgressions that the probability of a crisis increases when out
put grawth is lov, domestic credit greth is high, foreign interest rates are high, and FDI as a
proportion of total debt is W@ They also found support for the prediction that crashes tend to
occur when resees are lv and the real>@hange rate isvervalued4s

We made seeral revisions to the FR benchmarkgression before updating it to 1996
with the other papers, we used currentigikable, and hencevised, data from the sari¢orld
Bank source as FR.In addition, we corrected an error in the original FR calculation of the
ovenrvaluation \ariable30

The net dict of all these changes is sioin the second ggession offableA3. Owerall,
the model performs sombat better than the original FRgressionThe corrected wenalua
tion variable nev has a much stronger and more sigaifit efect. Higher northern (OECD)
growth now significantly decreases the risk of crisis, and tHeatfof foreign interest rates is
smaller and insigni¢ant5!

We nav estimate the model through 1996 for purposes of generating predictions for 1997.
As the third rgression inTableA3 shawvs, the results are similar to the 1970 to 19%Re®
sions.A large share of debt which is concessionalmeduces the risk of cris.

Next, we change the samplehe sample of countries used in the original Figessions
is substantially dferent from those in the KLR and STVgressions. In particulaa lage
number of least-deloped countries (such as the countries of the Council for Mutual Economic
Assistance) and small island economies (k@meple, S&domé, Cap&/erde, and/anuatu) are
included. Because of concerns that crises in these countries neaglifierent determinants
and to maximize comparability with the other papers, we harun the FR gression wer a
smaller sample of 41 countries made up of allettsping countries with per capita incomes
above $1,000 and population a1 million for which there are data.

48Although the authors highlight the importance off Iceseres and eenaluation in their conchu
sion, their results skwsignificant efects were not ralst and were found invieer than half of the spec
ifications thg tested.The result thatdster domestic gveth reduces the probability of crisis is also not
robust, as illustrated by the benchmargression itself.

49This changed not only some of the data &lso the sample, because some of the data that had
previously been wailable, lagely from the early 1970s, are maonsidered to be of unacceptable
quality, while other formerly unailable obserations nev had dataThe net fect is to increase the
number of obseitions from 780 in FR to 881, though theedap of common data points is only 729
obsenations.

50We also made twother technical moddations. First, we used percent changes instead of leg dif
ferences in comparing the wdduations with the 25 percent crisis threshold. Second, we changed the
implementation of the “windeing” procedure to more closely match the FR intent of ensuring that only
the frst of a sequence of criseasvcounted in the sample. See Milesi-Ferretti and Razin (1998), who
recommended these awnodifications.

S1For the overvaluation \ariable itself, the correction is the source of the imgnaent. r the other
variables, the changes in sample resulting from the deitia® are more important than the dateire
sions themsebs, the changes in the windag procedure and deftion of crisis, or the correction of the
overvaluation \ariable in diving these changes in results.

52For purposes of predicting 1997 outcomes, we also estimate ghésseon with the g@rnment
budget as a share of GDRckuded from this rgression, because thianable is notailable for 1996 as
would be required for forecasting 199his omission maés little diference.

53Milesi-Ferretti and Razin (1998) raise these sample issuesaadtahis smaller sample, for which
they get impraved results compared with FR.
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Table A3. Frankel and Rose: Probit Estimates of Probability
of a Currency Crash

Original 1970-92 Sample 1970-96 Sample
Model 1A Model 2A Model 3A
FR benchmark revised FR benchmark
dF/dx |z dF/dx |z dF/dx |z
Commercial bank share

of total debt 0.03 0.2 -0.07 -0.6 0.03 -0.3
Concessional share -0.14 2.1 -0.12 -1.6 -0.13 -19*
Variable rate share -0.03 0.2 0.20 1.5 0.13 1.1
Short-term share 0.23 2.0 0.28 2.3 ** 0.27 2.2 **
FDI/debt -0.31 -25 —-0.53 3.7 *** -0.46  —3.3 ***
Public sector share 0.19 2.2 0.18 2.(0) =5 0.16 1.8 *
Multilateral share —0.06 -0.8 0.08 1.0 0.06 0.8
Debt/GNP -0.04 -1.7 -0.02 -15 -0.02 -14
Reseres/imports -0.01 -34 -0.01 3.3 —-0.01 3.9 ***
Current account/GDP 0.02 0.2 -0.03 -0.3 -0.02 -0.2
Ovenvaluatior? 0.08 2.5 0.15 4.0 ** 0.12 8.8 e
Government bdget surplus/

GDP 0.16 1.1 0.10 0.7 0.11 0.8
Domestic credit gnoth 0.10 3.2 0.08 3.8 *** 0.08 3.7 ***
GDP gravth rate -0.16 -1.3 -0.07 -1.5 -0.08 -1.6
Foreign interest rate 0.80 2.6 0.48 1.4 0.33 1.0
Northern (OECD) grath -0.85 -1.5 -1.17 -19* -152 -25%**
Sample size 780 881 940
Pseuddr? 0.17 0.17 0.15

Goodness of Fit
Model 1A Model 2A Model 3A

Tranquil CrashTotal Tranquil CrashTotal Tranquil Crash Total

Cutoff probability
of 50 percetf
Predicted tranquility 707 64 771 77 88 865 830 97 927
Predicted crash 4 5 9 7 9 16 5 8 13
Total 711 69 780 784 97 881 835 105 940

Cutoff probability
of 25 percetf
Predicted tranquility 678 52 730 743 62 805 792 72 864
Predicted crash 33 17 50 41 35 76 43 33 76
Total 711 69 780 784 97 881 835 105 940

a0One, tw, and three asterisks denote sigaifice at the 10, 5, and 1 percexiels, respectely.
bDefined as the deation from the gerage realxchange ratever the period.
CA crisis is correctly called when the estimated probability of crisis igea0 percent if a cri
sis ensues within 24 month#stranquil period is correctly called when the estimated probability of
crisis is belav 50 percent and there is no crisis within 24 months.
dA crisis is correctly called when the estimated probability of crisis i8ea®b percent if a cri
sis ensues within 24 month#stranquil period is correctly called when the estimated probability of
crisis is belav 25 percent and there is no crisis within 24 months.
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The results are broadly simijas rgression 1 oTable 4 shws. The most notable changes
are that the ratio of resew to imports is no longer sigigcint whereas the current account and
the fscal balance ne are.

The main t&t discusses our consideration of some alteveag&planatory \ariables.
Regression 2 offable 4 includes the ratio to the resevwo M2 and the deee of openness of
the economyas a result of this speicition searchlhis model suggests that the probability of
a crash increases when concessional debt and FDI are small and public sectogelelst dar
share of totalx@ernal debt, the ratio of res@s/M2 is lav, the current account deit is lage,
the real change rate isvervalued, domestic credit gnth is high, foreign interest rates are
high, and the country is not open to trade.

Model 3A ofTableA3 is close to the original FR specétion, with some corrections and
minor revisions, while model 2 ofable 4 is our augmented spémtion using a more homo
geneous sampl&he diagnostic statistics shdhat, in-sample, these models rarely generate a
predicted probability of crash al®50 percent. Model 3A correctly predicts only 8 out of the
105 crashes; model 2dble 4) does bettepredicting one-third of the crashes in the sample.
When an estimated probability of aleo25 percent follwed by a crash is considered success,
the results look betteModel 2, for @ample, generates a probability ab®5 percent before
63 percent of criseébout half of warnings dehed this vay (41 out of 79) were not folleed
by a crash.

The FR models thus sWwosome promise for predicting crises based on this in-sample
assessment here is adir amount of parameter stability across samples, ang sersible
variables are signgant predictors of crisid.he overall explanatory paver is firly low, though
our modifcations lead to some imprement here.

Sachs, Tornell, and Velasco (1996) Cross-Country Regressions

The tet discussed reproduction of the original STV benchmagkession, using their dat4,
as well as results usingvieed data and estimatingey the common 23-country samplalile
5, regressions 1, 2, and 3, respeely). We also considered avised specitation based on a
different deihition of the real change rate @ble 5, rgression 4).

Table A4 shavs some further ariants of the STV gressions for the 1994-95 sample.
Regression 5 is anotheariant on the défition of the real rchange rateariable, measuring
RERas the leel of the real echange rate in 1994 compared with ¥erage wver the 1986 to
1989 period. It is also quite similar to the benchmark sipatibn inTable 5, rgression 3.

The deinitions of low reseres and weak fundamentals in terms of which quartile of the
sample the countnyirfds itself are sonvehat arbitrary For this reason, STVary the dehi-
tion of low reseres and weak fundamentals so that countries fierdifit fractions of the
sample qualify For example, rgression 6 offable A4 reproduces the STV results for the

S4Regression 1 dfers slightly from the published STV benchmark, mainly because veeduarected
an error in the calculation &®ERfor Taiwan Preince of China, in STVThe resulting dferences are sta
tistically, numerically and economically small. In addition, the data used both in the STV benchmark and
regression 1 dfér slightly from that described and published in SF¥st, the data published in STWub
not that used in their geessions) containgeral typographical errors, which weveacorrected with the help
of the authors. Second, here and in the STvession the lending booranable vas calculated diérently
for Peru than for the other countries and asmédfin the appendix of ST\Bpecifcally, LB is defned as
the gravth from 1990 through 1994 in the ratio of domestic credit to thatprisector to GDRFor Peru,
however, the base year actually used is apparently IB8i%.is presumably because thgérinflation and
stabilization of 1989/1990 led to ayibase of credit/GDP andowld have resulted in a lge outlier for Peru
if calculated as defed in STV Third, the measure of reses/for SouthAfrica apparently includes gold
reseres, as is standard for that countty bontrary to the description in the appendix of STV
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case where “lov reseres” is deined as heing a resergs/M2 ratio in the bottorhalf of the
sample, while “weak fundamentals” isvireg low reseres or an xchange rate depreciation
in the laver half of the sampleThe main results continue to hold.dRessions 7 and 8 of
TableA4 present the reestimation ofjression 5 with ndsed data and correcting tfaiwan
Province of China crisis ariable. Unlile with the quartile mressions, this changes the
results: most importanRERwith low reseres and weak fundamenta[$, *+ B4 + Bs) now
has the wrong sign, though it is insigoént>>

A number of the STV results are not usbto the data wésions that hee talen place since
their estimations and to the addition of three countries to the sahmgldt of the models is
generally poorer and the maiggotheses receg mixed support at best.
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