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Abstract

The banking and currency crises of the last two decades inicted substantial �nan-

cial, economic, and social damage on the countries in which they originated. In this

work, the e�ciency of early warning indicators for these disastrous economic events

is evaluated. An analysis of the traditional and recent literature on currency crises is

performed in order to extract potential early warning indicators that are suggested

by theory. Alongside others, these candidate indicators are tested in alternative em-

pirical studies that are reviewed in this work. The results are mixed, but somewhat

encouraging for further research in this �eld. Furthermore, the analysis is extended

to a critique of systems of early warning indicators currently used by international

institutions.
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1 Introduction

For historians each event is unique. Economics, however, maintains

that forces in society and nature behave in repetitive ways. History is

particular; economics is general.

Charles P. Kindleberger ([1978] 1989, p. 16)

Take nothing on its looks; take everything on evidence.

There is no better rule.

Charles Dickens, Great Expectations ([1868] 1992, p. 271)

The crisis of the European Exchange Rate Mechanism (ERM) (1992/93), the

Mexican peso crisis (1994/95), and the Asian �nancial crisis (1997/98) left politi-

cians, market participants, and economists alike puzzling about the exact causes

and mechanisms inherent to �nancial crises. They were also painfully reminded of

the disruptive force �nancial crises may unleash by incurring bank and corporate

failures, a sharp decline in economic activity, and increased unemployment. Yet,

as documented by Kindleberger (1989), �nancial crises have a long history. How-

ever, the occurrence of several major currency and banking crises in the 1990s has

spawned a tremendous amount of new literature on the causes and remedies of such

disastrous economic events, thereby indicating the wide scope still left for research

in this �eld.

In this work I will investigate the controversial issue, whether �nancial crises are

predictable at all, and if they are, what indicators one has to monitor in order to

obtain a timely and reliable early warning signal of an impending crisis.

In line with the current literature I will use the term \�nancial crises" throughout

this work as to comprise both currency and banking crises. This practice corresponds

to the recent notion that banking and currency crises tend to occur simultaneously,

respectively the former precipitating the latter, as pointed out by Kaminsky and

Reinhart (1999) who dubbed this phenomenon \twin crises". Furthermore, the

term \early warning indicator" as used in this work, refers to one speci�c variable,

such as the budget de�cit or the interest rate spread, that is capable of emitting an
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early warning signal. I would like to stress the contrast to a so-called \composite

early warning indicator" which incorporates signals of various single indicators.

The motivation for this work and the rationale for identifying e�cient early warn-

ing indicators for �nancial crises derive mainly from the following three observations.

First, �nancial crises create extremely high costs in the countries in which they orig-

inate. The mere direct cost to the government of recapitalizing and restructuring

an ailing banking sector engulfed by a severe crisis may easily surpass 10 percent

of GDP.1 Goldstein (1999, p. 322) estimates the direct costs of the recent Asian

�nancial crisis to be even higher, as Thailand and South Korea will have to spend

as much as 30 percent of GDP in order to recapitalize their banks. In addition to

this, banking crises almost inevitably entail a decline in economic activity caused by

credit shortage and bank failures. Likewise, the costs of currency crises are high for

the a�ected country as well. Apart from the depletion of foreign exchange reserves,

currency crisis-struck countries usually enter a severe recession, even showing nega-

tive GDP growth rates of 5 to 15 percent as observed in the cases of South Korea,

Thailand, Malaysia, and Indonesia in 1998 by Goldstein (1999, p. 322). Given these

huge costs, there seem to be great bene�ts from identifying reliable early warning

indicators helping to predict �nancial crises, because they would enable politicians

to forestall impending pressure on their country's currency and banking system.2

The second observation justifying e�orts to �nd reliable early warning indicators

for �nancial crises concerns the evident failure of so-called \market indicators" of

default and currency risk. Goldstein (1999, p. 323) reports that the two most closely

watched indicators, namely interest rate spreads and changes in credit ratings, failed

to signal the 1992-1993 ERM crisis in advance and were equally silent or inconsistent

in the run-up to the Mexican peso crisis and the Asian �nancial crisis.3 Therefore,

1White (1996, pp. 1-4) provides the following estimates of the direct costs (relative to GDP)
for governments to resolve banking crises in Spain (1977-1985, 17%), Finland (1991-1993, 8%),
Sweden (1991, 6%), Argentina and Chile (early 1980s, more than 25%), and Venezuela (1994-1995,
more than 10%).

2This argument gains even more importance, as currency and especially banking crises seem
to occur with increasing frequency. Kaminsky and Reinhart (1999, pp. 466-467) report that the
average number of banking crises more than quadrupled between 1980 to 1995 compared to the
1970 to 1979 period.

3The view that market indicators are poor predictors of crises is supported by Goldfaijn and
Vald�es (1998, pp. 874-875) who mention that in the case of Mexico, three months before the crisis,
the Financial Times Currency Forecaster predicted that the peso would stay at 3.4 per U.S. dollar
in January 1995 (the actual rate was 5.7 pesos per dollar). In the case of Thailand, expectations
three months ahead were that the baht would remain at 25.8 per dollar in July 1997, whereas the
actual rate turned out to be 31.2 baht per dollar.
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markets' poignant inability to correctly foresee impending crises presents another

incentive to identify early warning indicators with superior performance.

A third motivation is based on the idea that the acquisition of information is

costly for individual market participants. Hence, market participants may follow

the market, instead of gathering and assessing information on their own. Kaminsky

and Schmuckler (1999, p. 538) argue that this behavior may create excess volatil-

ity of �nancial markets. This excess volatility could be diminished by identifying

more reliable and more widely available indicators, because the cost of acquiring

information for individual investors would be decreased subsequently. This reduc-

tion of information frictions alone may already be able to reduce emerging market

countries' vulnerability to currency crises, as the probability of speculative attacks

generated by investors' herding behavior becomes smaller.

Given this rationale, the recent surge of literature on early warning indicators can

be explained. The idea of constructing a system of reliable indicators that e�ciently

helps to monitor whether a country is slipping into a situation that is likely to end

up in a currency or banking crisis is indeed very tempting. However, I would like to

mention at this point that the concept of early warning indicators also encounters

several serious limitations when put into practice (e.g. inadequate data availability

and quality), which I will treat in the concluding section of this work. Another

crucial point that cannot be overstated is that an early warning indicator is never

able to predict that a �nancial crises will occur or even its timing. The indicators

treated in this work are only capable of signaling that a crisis is possible within a

given time horizon.

The remainder of this work is organized as follows. In the ensuing Section 2,

I will use the currency crisis literature to identify variables that may precipitate a

currency crisis, such as a growing budget de�cit. This list of leading indicators for

currency crises as suggested by theory will be confronted with a review of empir-

ical assessments of potential early warning indicators { including those suggested

by theory { in the third section. I will also report on the e�ciency of composite

indicators. In Section 4, I will give a brief overview of surveillance systems currently

used in practice, for example at the International Monetary Fund (IMF) or Standard

& Poor's Investors Service. Based on the earlier theoretical and empirical �ndings,

an evaluation of the variables used by those institutions can be made. Section 5

concludes.
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2 The Currency Crisis Literature as a Reference

Point for the Identi�cation of Early Warning

Indicators

The purpose of this section is two-fold. First, this will provide a review of the two

main threads within the currency crisis literature. Second, and more importantly,

while presenting the standard models of the currency crisis literature, I will be able

to extract relevant symptoms (and their indicators) associated with the onset of

a currency crisis according to the classical theoretical literature. This will pave

the way for the empirical evaluation of various indicators following in the third

section. Constrained by space, I will not treat models of banking crises explicitly,

but the indicators obtained from the currency crisis literature can be viewed as being

representative for �nancial crises in general.

Discussions on currency crises basically revolves around two theories. One is

based on the deterioration of economic fundamentals, the other emphasizes the

contingent nature of economic policies that may invoke multiple equilibria and self-

ful�lling speculative attacks. The former, creating what is commonly referred to as

\�rst generation models", is associated with the seminal work of Krugman (1979).

First generation models show how excessive expansionary policies under a �xed

exchange rate regime may push an economy into crisis. The crucial mechanism is

the draining of foreign exchange reserves. The latter, spawning so-called \second

generation models", appeared in response to the speculative attacks in Europe and

Mexico in the early 1990s. In these models, economic policies react to changes

in the economy, and economic agents integrate this knowledge in their process of

forming expectations. This opens up the possibility of multiple equilibria and self-

ful�lling speculative attacks which may even occur without a signi�cant change in

the fundamentals.

It is obvious that each theory will give di�erent answers to the question whether

early warning indicators may be helpful in order to preempt future currency crises.

Furthermore, each theory will point at di�erent indicators which may be leading a

currency crisis. Due to the duality between currency and banking crises which was

expressed in the introduction of this work, I will use indicators for currency crises

in a more general sense as predictors for �nancial crises.
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In what follows, I will present representative models of the two theories and an

e�ort to integrate the two approaches. A brief summary of the indicators suggested

by theory concludes this section.

2.1 The Traditional Theory

The traditional theory of �xed exchange rate regime collapses is based on a concept

of Salant and Henderson (1978) who modeled speculative attacks on a government-

controlled price of gold. Krugman (1979) applied this analysis in his seminal paper

to the viability of �xed exchange rate regimes. Flood and Garber (1984) extended

Krugman's approach and construct a linear model preserving the essential elements

of his non-linear analysis in order to enable an exact calculation of the collapse time.

In spite of focusing primarily on the timing of the abandoning of the �xed parity,

useful insights regarding the origins and the symptoms of currency crises may be

inferred from their model. Hence, I will describe their approach in the following

paragraphs.

Flood and Garber's (1984) model is dominated by the assumptions of agents op-

erating under perfect foresight concerning the collapse time and within a continuous-

time framework.4 Hence, the time of the collapse can be determined as well as the

cause, may it be market fundamentals alone or combined with arbitrary speculative

behavior.

The model assumes a small country and purchasing power parity. Furthermore,

domestic residents may choose among four assets (domestic money and bonds, for-

eign money and bonds), however, the demand for foreign money equals zero, since

it yields neither interest nor service and is therefore dominated by the remaining

assets. Domestic and foreign bonds are assumed to be perfect substitutes. The

domestic government possesses a �nite amount of foreign currency reserves which it

deploys for maintaining a �xed exchange rate. The central equations of the model

4These assumptions are dropped in a second model presented in their paper where they assume
time to be discrete and market fundamentals to be stochastic. Thus agents lack perfect foresight
about the collapse time.
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take the following form. The domestic money demand is expressed by

M(t)

P (t)
= a0 � a1i(t) (1)

with a1 > 0 and a0 � a1 > 0 . M(t); P (t) and i(t) represent the domestic

money stock, price level, and interest rate, respectively, in this linearized equation.

The money supply is given as

M(t) = R(t) +D(t) (2)

which implies that the money supply equals the value of foreign currency reserves

R(t) plus domestic credit D(t) . Domestic credit is expanding at a constant positive

rate � indicating an expansionary monetary policy (a dot over a variable indicates

the time derivative):

_D(t) = �: (3)

Purchasing power parity is ensured by

P (t) = P �(t)S(t) (4)

with S(t) indicating the exchange rate in terms of the amount of domestic currency

that has to be spent in order to acquire one unit of foreign currency. \Foreign"

variables are indicated by an asterisk. Due to perfect foresight and a perfect capital

market (including perfect substitution between domestic and foreign bonds), the

absence of arbitrage in the bond market is ensured by the uncovered interest parity

i(t) = i�(t) +

"
_S(t)

S(t)

#
: (5)

These equations are now utilized to determine the exact time of the collapse of

the pegged exchange rate, while the government is pursuing an expansive monetary

policy stance.5 After using (4) and (5) in (1) and some re-arranging one obtains:

M(t) = �S(t)� � _S(t) ; (6)

where � = (a0P
�
� a1P

�i�) > 0 and � = a1P
� . Since P � and i� are assumed

to be constant, � and � are constant, too. Having employed (6) in (2), it can be

5The fact whether it is loose monetary or �scal policy does not change the outcome of the model,
as either one will incur domestic credit expansion. For example, Krugman (1979, p. 315) describes
an expansionary �scal policy creating a de�cit which is �nanced entirely by printing money.
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inferred that the money market equilibrium under a �xed rate regime ( _S(t) = 0) is

maintained by an adjustment of the international reserves. It follows that

R(t) = �S �D(t) : (7)

Thus reserves evolve according to

_R(t) = � _D(t) = �� : (8)

As mentioned earlier, the government holds a �nite amount of international re-

serves. With domestic credit growing at a rate � > 0 , it becomes clear that the

�xed exchange rate cannot be supported forever, because reserves will inevitably

be exhausted at some point in the future.6 After that, the exchange rate oats

freely forever. However, the reserves will not gradually run out until they are van-

ished. Prior to that there will occur a speculative attack of private investors who

suddenly acquire the remaining stock of reserves. The reason for this is given by

Krugman (1979, p. 312) who argues that the relative yields of domestic and foreign

money change, because the domestic currency will depreciate after the government

has abandoned the peg. Therefore, an individual investor will be eager to acquire

as much foreign currency as possible before the draining of reserves.7 Clearly, each

investor has the incentive to preempt his competitors by an instant. Since all in-

vestors obey this rationale, a run on the government's foreign reserves will occur,

extinguishing the latter, before the time of their \natural" exhaustion.

In order to determine the exact time of a speculative attack, Flood and Garber

(1984, p. 3) introduce the \shadow oating exchange rate" which is de�ned as the

oating rate materializing if the �xed exchange rate collapsed at any given time t .

Now, three cases can be distinguished. If at a time z the shadow oating exchange

rate S(z+) , with z+ indicating the instant after the attack, should be higher than

the �xed rate S , speculators would pro�t from attacking the government's reserves.

But as speculators are competing for these pro�ts, it would pay o� for any individual

speculator to purchase reserves an instant before z . Hence, speculative attacks

occurring while S(z+) > S are incompatible with the assumption of investors

6One could equally assume a post-crisis reserve level di�erent from zero which would be a better
proxy for reality as usually central banks are able to borrow international reserves (see Flood and
Marion (1998, p. 24)).

7Although this line of reasoning assumes hunting for pro�t on sides of the investors (see also
Flood and Garber (1984, p. 4)), one could equally argue that the investors' behavior is the result
of e�orts to avoid impending losses on their domestic currency holdings.
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having perfect foresight. Now, suppose that S(z+) < S at any time z . This

means that investors expect a domestic currency appreciation. Obviously, no attack

will take place, for investors would surely incur losses by switching to a oating rate

regime. Hence, the �xed rate regime would survive in this case. Based on these

results it can be concluded that the condition S(z+) = S must hold at the moment

of an anticipated attack on the government's international reserves depicting the

only stable equilibrium.8 Thus exchange rate jumps are ruled out by speculative

competition. The authors use this equality in order to calculate the exact timing of

the attack and the corresponding level of reserves.

Immediately following the attack the money market equilibrium described in

equation (6) implies

M(z+) = �S(z+)� � _S(z+) : (9)

Since reserves are now depleted, it follows from (2) that M(z+) = D(z+) and

_M(t) = _D(t) = � . Then, the oating exchange rate can be determined in conjunc-

tion with (6) and takes the following form:

S(t) =

"
��

�2

#
+
M(t)

�
8t � z (10)

Substituting D(t) = D(0) + �t for M(t) in (10) yields the shadow oating

exchange rate which is plotted against the �xed exchange rate S in Figure 1.9

�
�
�
�
�
�
�
�
�
�
�
�
�

S(t)

S p

p

p

p

p

p

p

p

p

p

z t

S

Figure 1. Fixed Exchange Rate and Shadow Floating Exchange Rate

8At this point, one may notice a contradiction in their model, since the condition S(z+) =
S implies the absence of any pro�ts which could explain the speculators attack. However, an
alternative explanation for an attack may be based on the rationale of avoiding impending losses,
as stated in Footnote 6.

9Borrowed from Flood and Garber (1984, p. 5).
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Figure 1 depicts the time z of the exchange rate collapse, whereas the algebraical

solution10 runs

z =
�S �D(0)

�
�

�

�
: (11)

Remembering (7), a simpli�ed expression of (11)

z =
R(0)

�
�

�

�
(12)

can be obtained. Based on this equation, two interesting insights concerning the

symptoms of a currency crisis are achieved. According to equation (12), an increase

in the initial level of reserves, R(0), delays the collapse of the pegged exchange

rate, whereas an increase in the rate of domestic credit expansion, �, accelerates

the collapse. Hence, if someone was asked to design an early warning system for

�nancial crises based entirely on the model sketched out above, she would certainly

include the growth rate of domestic credit and the level of international reserves as

the central indicators. Besides, she would also consider a measure of the shadow

exchange rate, for its exceeding of the �xed exchange rate is a necessary (but not

su�cient) condition for the speculative attack to occur.

Before giving a concluding assessment of the model's relevance regarding early

warning indicators for currency crises, a useful extension of Flood and Garber's

(1984, p. 5) model should be examined. In order to generalize their results, an arbi-

trary dynamic component { simulating investors' speculative behavior and causing

indeterminacy in the path of the post-collapse oating exchange rate { is added

to the equation determining the oating exchange rate (and therefore the shadow

oating exchange rate). As a result, the time of collapse of the pegged regime does

not any longer depend on the development of economic fundamentals alone, but

also on arbitrary speculative behavior on the investors' side.11 Obviously, this point

10Equating the �xed with the shadow oating exchange rate yields

S =

�
��

�2

�
+

D(0) + �t

�
;

and solving for t produces

t =
�S �D(0)

�
�

�

�
� z :

11It is shown that investors' speculative behavior may even provoke the abandoning of an ex-
change rate peg when monetary policy is neutral with � = 0 . Hence, Flood and Garber (1984,
p. 7) argue that speculative behavior is a strong economic force that is not merely inherent to
oating rate regimes, thereby dismissing a popular argument favoring �xed exchange rate regimes.



The E�ciency of Early Warning Indicators for Financial Crises 10

reveals a severe constraint of the e�cacy of early warning indicators, since it is im-

possible to foresee this purely random behavior on the investors' side with a reliable

indicator. If unpredictable speculative behavior, as modeled by Flood and Garber

(1984), played a signi�cant role in over-throwing �xed exchange rate regimes, any

e�ort for designing a reliable system of early warning indicators would be futile.

This outlook would be even more bleak, if even �xed exchange rate regimes with

consistent policies (e.g. � = 0) could be brought down by speculative behavior.

Regardless of these concerns, I would like to emphasize the variables that exhibit

a potential for serving as useful indicators for �nancial crises. From the simple

model outlined above, it can be inferred that the growth rate of domestic credit,

the level of international reserves, and a measure of a so-called shadow oating

exchange rate may constitute signi�cant early warning indicators. The last one

may be approximated best by the real exchange rate, as this is a common measure

for estimating a currency's degree of over-(under-)valuation, which in turn provides

information about the post-collapse oating exchange rate.

Krugman's (1979, p. 315) model underlines the signi�cance of the �scal budget

de�cit as an early warning indicator, because he assumes that money can only

be created by the government de�cit. Here, expansive �scal policy leads to an

accelerated money growth triggering a fatal mechanism similar to the one outlined

above. Furthermore, Kaminsky, Lizondo, and Reinhart (1998, p. 4) stress that

extensions of basic \�rst generation models" suggest that a deterioration of the trade

balance, i.e. the current account, may precede a currency crisis. The underlying

mechanism is that an expansionary �scal or monetary stance leads to an increased

demand for traded goods.12 Apart from that, Kaminsky et al. (1998, p. 4) report

that increases in real wages (incurred by higher nominal wages and sticky prices)

and domestic interest rates (incurred by market's uncertainty about credit policies

or reserve losses), both caused by expectations of a looming currency devaluation,

are also suspected to mark the run-up to a crisis as suggested by more sophisticated

�rst generation models.

So far, policy options available to governments and corresponding costs and bene-

�ts have been neglected. The following part therefore examines another explanation

of currency crises, thereby yielding di�erent potential early warning indicators.

12As observed during the run-up to the Asian �nancial crisis (especially in Thailand), an in-
creased demand for non-traded goods may equally poisonous. Potential relevant indicators would
cover asset prices (stocks, real estate, and land).
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2.2 Second Generation Models

As we saw in Subsection 2.1 of this work, traditional models of currency crises may

be broadly characterized as connecting linear behavior of the private sector (i.e.

the money demand function) with linear government behavior (i.e. domestic credit

growth). Combined with the condition of perfect foresight the exact timing of a

�xed exchange rate collapse caused by a speculative attack is determined.

As pointed out by Flood and Marion (1998, p. 13), the merits of so-called second

generation models are based on the fact that they introduce non-linear behavior on

parts of the government into the literature.13 For instance, they capture govern-

ment policy responses to changes in private behavior or a dilemma in which the

government faces a trade-o� between maintaining the �xed exchange rate and other

policy objectives, such as a low rate of unemployment. These non-linearities are

shown to give rise to multiple equilibria.14 Recent models also stress a phenomenon

that was already alluded to by Flood and Garber (1984, pp. 6-7). I refer to the

observation that an economy may rest in a no-attack equilibrium running policies

consistent with the pegged exchange rate, but nevertheless may be subject to a

(self-ful�lling) speculative attack. Along the lines of these models, the speculative

attack was impending all the time, but only a coordinating event (e.g. rumors or a

currency crisis elsewhere) sets o� the attack which is basically unwarranted for by

domestic economic fundamentals.

In the following paragraphs I will outline Ozkan and Sutherland's (1995) model as

a classical example of an optimizing government trying to maintain a �xed exchange

rate. Their model, formulated in response to the collapse of the European Exchange

Rate Mechanism (ERM) in 1992/93, shows that contingent on the government's

objective function it may prove optimal to abandon the peg and switch to a oating

exchange rate regime. Along the lines of this model, other variables exhibiting a

potential for predicting currency crises than those found in Subsection 2.1 can be

identi�ed .

13This non-linear behavior is also referred to as \policy rules with escape clauses" (see e.g. Ob-
stfeld (1991)).

14It should be noted, however, that multiple equilibria and self-ful�lling speculative attacks are
not an exclusive feature of second generation models. This is a fact which seems to be misun-
derstood in some articles (e.g. in Sen (1998, p. 2). But as revealed in the previous subsection,
�rst generation models explicitly allow for the possibility of multiple equilibria and self-ful�lling
speculative attacks.
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In Ozkan and Sutherland's (1995) simple model all variables are measured as

deviations from an arbitrary initial level. Furthermore, goods prices are assumed to

be �xed, hence, there is no distinction between nominal and real variables. Output

is de�ned as

y = �i + �s ; � > 0 ; (1)

where, y is the log of aggregate demand, i represents the domestic interest rate,

and s is the exchange rate, i.e. the domestic currency price of one foreign currency

unit. The foreign interest rate i� is subject to a stochastic process z .15 Therefore,

i� = � with

d� = �dz : (2)

The domestic interest rate is determined by the interest parity condition supple-

mented by a measure of capital controls. Thus

i = (1� c)(i� + F ) ; (3)

where F is the expected rate of change of the exchange rate and c is describing

the degree of capital controls. The highest degree of capital controls (c = 1) implies

that the domestic interest rate remains completely una�ected by movements of the

foreign interest rate or by changes in the expectations concerning the exchange rate.

This seems to be intuitively correct, since capital mobility is set to zero and cannot

leave the country. Therefore, the domestic interest remains unaltered in response

to, say, an increase in the foreign interest rate. Of course, the absence of controls on

the movement of capital (c = 0) causes changes in the foreign interest rate as well as

in exchange rate expectations to feed fully through into the domestic interest rate.

Another tacit assumption de�nes the interest rates i and i� as composite (av-

erage) rates of a continuous distribution of debt contracts with di�erent maturities.

This means that for a speci�c debt contract, starting at time t and maturing at

time � , the interest parity condition takes the following form

i(��t) = (1� c)

(
i�(��t) +

Et[s(�)] � s(t)

(� � t)

)
; (4)

where i(��t) depicts the rate of interest over the maturity period � � t and Et is

the expectations operator reecting information available at time t .

15The speci�c stochastic process Ozkan and Sutherland (1995, p. 511) adopt is the standard
Brownian motion process with unit variance.
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In order to be able to make a statement about market participant's expectations

of an exchange rate devaluation one has to know the distribution function underlying

the debt contracts. For simplicity, Ozkan and Sutherland (1995, p. 511) explicitly

suppose that debt contracts signed at time t , terminating at time � , are distributed

according to a gamma distribution of the form r2(��t)e�r(��t) .16 Taking account of

this distribution in (4) yields the following relationship between the two composite

interest rates

i = (1� c)

8<
:i� + Et

1Z
t

[s(�)� s(t)] r2e�r(��t)d�

9=
; : (5)

Using (5) in (3) the (composite) expected rate of devaluation, F , is therefore

de�ned as

F = Et

1Z
t

[s(�)� s(t)] r2e�r(��t)d� : (6)

Given this structure, it appears that r is the discount rate of the private sector.

It can be inferred from the appendix that the average maturity of a new debt

contract is given by E(X) = 2=r . This implies that a high (low) discount rate

of the private sector will lead to a decreased (increased) average maturity of debt

contracts. Intuition con�rms this result, for investors who are merely interested

in pro�ts accruing during the next months will not sign contracts with a maturity

of several years. Another important result may be derived from this equation. If

maturities of debt contracts are relatively long, that means � � t is large, F will

be relatively small for a given jump in the exchange rate. F is relatively larger, if

maturities are short.

After having shed light onto the private behavior, we now turn to the government

who maximizes the following welfare function

W = Et

1Z
t

[Z� y2(�)] e��(��t)d� : (7)

The government's discount rate is � . The term inside the brackets denotes a crucial

cost-bene�t evaluation. The bene�ts are described by Z and they may take various

forms. Ozkan and Sutherland (1995, p. 512) mention intangible things, such as anti-

ination credibility or greater negotiating power within the European Union. Thus

as long as the exchange rate is �xed it is supposed that Z > 0 . But, as soon as

16For a derivation of the speci�c form of the gamma distribution used here, see the appendix.
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the peg is abandoned and the government switches to a oating regime Z is zero

and forever after.17

The cost or welfare loss associated with living under a �xed exchange rate regime

is symbolized by the quadratic term in output. Remembering that y describes a

deviation from an initial level of output, y2 is a measure of output deviations

that may be caused by interest rate shocks or movements in the expected rate of

change of the exchange rate, according to (1) and (3). From (1) one can also infer

that the exchange rate s is the only policy instrument available to the government

for o�-setting instabilities in output. Of course, it is intuitive to assume that, say,

a decline in output exerts adverse e�ects on the labor market as well. Therefore,

the rate of unemployment is also indirectly included in the welfare loss depicted

by y2 .18 Moreover, although not modeled explicitly, the authors assume that there

will be a lump-sum cost incurred by the regime switch. For example, the cost of a

devaluation could take the form of a �nancial loss, because the government's debt

is denominated in foreign currency.

According to Ozkan and Sutherland (1995, p. 513), the welfare function given in

equation (7) does reect well the mechanism underlying the ERM crisis of 1992/93.

German interest rates rose after the re-uni�cation, thereby putting upward pressure

on all other ERM member's interest rates. The reason was the quasi-�xed exchange

rate system among ERM members, allowing only for oscillations up to � 2.5 percent

around an agreed-upon �xed rate. Most of the ERM member countries (e.g. Great

Britain, France, Denmark), however, were facing soaring unemployment and declines

in output. Hence, what they needed least were higher domestic interest rates. So,

they were caught in a dilemma, having to weigh the bene�ts of staying in the ERM

against the costs of higher unemployment and a negative deviation of output.

While this is a pleasant feature of the model, we still do not know at which point

the government actually decides to switch to the oating exchange rate regime. This

point is determined by the behavior of the domestic interest rate which is causing

the unwanted output deviation. If the domestic interest rate, which rises in lock-step

with the foreign interest rate, reaches a level too high, the cost to the government in

terms of lost output will become unbearable and the peg is abandoned. Then, under

17This strong assumption is made in order to simplify the model. Hence, once the government
has abandoned the peg, it can not regain lost credibility or negotiating power. Therefore, it is not
optimal for the government to re-introduce a �xed exchange rate in the future.

18This assumption can be made due to the relationship between output and unemployment
stated in \Okun's Law".
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a oating rate regime, the government attempts to stabilize output and eliminate

the deviation by setting y = 0 . This becomes immediately clear from the form of

the welfare function which is maximized when y2 = 0 . Furthermore, Ozkan and

Sutherland (1995, p. 513) argue that under the oating rate regime expectations

about a future regime switch are absent, since it is not optimal for the government

to return to a �xed rate.19 Hence, F = 0 and (3) is reduced to i = (1 � c)� .

Inserting this relationship in (1) with y = 0 yields

s =
 (1� c)

�
� : (8)

Thus in order to stabilize output at an arbitrary target level the government can

offset an increase (decrease) in the foreign interest rate by devaluing (revaluing) the

domestic currency. This simple linear relation between the exchange rate and the

foreign interest rate under a oating rate regime is depicted by the schedule SS in

Figure 2 which is based on Ozkan and Sutherland (1995, p. 514). Furthermore,

the government announces two points i�
L

and i�
H

at which the foreign interest

rate, which is putting pressure on the domestic interest rate, and the subsequent

deviation of output are deemed too large and the peg is abandoned.20

Now, suppose that i� rises close to i�
H
. The market participants realize that

the probability of a devaluation and a switch to the oating rate regime is relatively

high. This is reected in a rise of F which follows indirectly from (4). We know

from (4) and (3) that

F =
Et[s(�)]� s(t)

� � t

without taking into account the speci�c distribution of the debt contracts. Hence,

as Et[s(�)] increases, F follows. Conversely, if i� approaches i�
L

the opposite

e�ect is observed. An example of this behavior of F is reected in the schedule

FF in Figure 2.

However, Ozkan and Sutherland (1995, p. 514) admit one major complication

inherent to their framework. Market participants will attempt to anticipate the

government's critical values of i� and consider these expectations of a regime

switch in interest di�erentials. Interest rates, in turn, a�ect output which is an

19This reasoning is not intuitive, because market participants may continue to form expectations
about the development of the (now) oating exchange rate.

20Note that the government is averse to both negative and positive deviations of output from its
target level.
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explicit argument of the government's welfare function. This problem of circularity

can only be evaded, if the government is able to credibly pre-commit itself to an

announced pair of i�
L

and i�
H
. If the market participants doubt the government's

announcement, they will instead utilize their knowledge of the government's opti-

mization problem in order to predict the critical points which may not necessarily

be optimal. In this case, the government is \forced" to work with these sub-optimal

switching points, because the market has already considered these two points in

interest di�erentials which determine output. 21
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Figure 2. The exchange rate, expectations, and foreign interest rates.

After the description of the model, it is now possible to identify potential early

warning indicators and symptoms that accompany a currency crisis as suggested by

this particular model. The most interesting part of the model in this respect is the

government's objective function, i.e. the welfare function. If the variations in out-

put become too large, the �xed exchange rate will be abandoned. The deviations in

output are caused by movements of the (composite) domestic interest rate which is

itself subject to shocks emanating from the (composite) foreign interest rate. There-

fore, it is suggested that monitoring the level of foreign and domestic interest rates

21See Ozkan and Sutherland (1993, 1994) for further elaboration on this point.
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(and their di�erentials) and the growth of output would help to predict currency

crises.

Apart from these obvious indicators, additional insights can be extracted from

this model. Examining the interest parity relationship given in equation (3) it is

clear that an increase in the measure for capital controls c reduces the impact of

foreign interest rate movements on the domestic interest rate and vice versa. Hence,

i� may reach relatively high levels without leading to an abandoning of the �xed

exchange rate. Translated into graphical terms, the distance between i�
L
and i�

H
in

Figure 2 increases as the measure for capital controls rises.22 Therefore, it may prove

to be useful to develop an early warning indicator that measures the degree of capital

controls.

As already alluded to earlier, it can be shown that an increase of the average debt

contract maturity has a positive impact on the survival of the �xed exchange regime.

This is evident in equation (4). For a given expected change of the exchange rate,

the rise (or fall) of the domestic interest rate will be smaller for a longer maturity

which is expressed by a greater value of (� � t) . Therefore, a longer average debt

contract maturity serves to stretch the distance between i�
L

and i�
H

in Figure 2.

Hence, a measure of the average debt contract maturity may also serve as a leading

indicator for currency crises.

The last indicator that can be derived from this model is political in its nature.

Ozkan and Sutherland (1995, pp. 517-518) argue that the government's discount

rate � also plays a role in determining the viability of the �xed exchange parity.

Intuitively, a high discount rate will induce the government to switch to a oating

rate regime even for relatively small values of i� . This is because it attaches a

high value on current output instabilities, neglecting the chance of future stabilizing

shocks. Governments tend to use a high discount factor, for example, when they

feel election day closing in and they are trying to use short-run policies to boost

their chances for re-election. Complementary, governments with a relatively low

discount rate will not abandon the peg at �rst signs of a rise of foreign interest

rates. However, these particular interactions are reversed if the regime switch incurs

a lump sum cost, as mentioned earlier. Now, the short-sighted government will

22Ozkan and Sutherland (1995, p. 515) argue that capital controls will diminish the government's
incentive to switch to a oating rate regime through an additional second channel. Since market
participants are aware of the direct e�ects of capital controls on the government's switching points,
they reduce their expectations of a possible regime switch accordingly. This implies that F gets
smaller, thereby further reducing the negative impact on the domestic interest rate.
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hold on to the �xed rate regime longer than the far-sighted. The reason is the exit

cost which is immediate and therefore undiscounted, whereas the bene�ts primarily

accrue in the future. The idea of distinct exit cost (tangible and intangible) the

government has to face, seems to be more precise in describing reality. In spite of this

ambiguity, we will see in Section 3 that there exist attempts to verify the predictive

power of political variables, such as election dates or the form of government, for

�nancial crises. Thus an indicator approximating the government's discount rate

may complete purely economic indicators and emit useful early warning signals in

the run-up to a currency crisis.

Based on the second generation model presented in this work, further potential

indicators may be conceivable. Kaminsky et al. (1998, p. 5) point out that higher

domestic interest rates may not only negatively a�ect domestic output, but also the

government's budget position. This is, because higher domestic interest rates raise

the �nancing cost of the government. A government with a relatively high stock

of public debt may therefore exit the �xed parity relatively early in order to avoid

high domestic interest rates. Along these lines, the stock of public debt would be a

useful early warning indicator for a currency crisis, i.e. a sharp devaluation of the

domestic currency.

A further signi�cant suggestion comes from Calvo (1995) who links currency

crises to problems in the banking sector. Higher domestic interest rates tend to

aggravate the position of domestic banks, because they would �nd it more di�cult

to re-�nance themselves. This may be lethal in case the banking system is already

frail, e.g. due to debtor defaults. Hence, instead of putting additional pressure on

the banking system, a government may consciously decide to devalue.23 According

to this view, variables indicating the constitution of the banking sector may exhibit

explanatory power for currency crises, because a weak banking sector increases the

likelihood of a devaluation. Possible indicators for the health of banks could in-

clude the proportion of non-performing loans, asset prices (e.g. land and real estate

who constitute loan collateral), deposit growth, central bank credit to the banking

system, and the proportion of short-term loans to domestic banks from abroad.

In another prominent work belonging to the family of models containing policy

rules with escape clauses, Obstfeld's (1994, pp. 38-49) model shows that devaluations

23At this point, however, the government's dilemma is plain to see. After all, a devaluation may
have an equally devastating impact on the banking system in case large portions of banks' debt
are denominated in foreign currency. For an interesting outline of these vicious mechanisms see
Mishkin (1999, pp. 2-7).
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are triggered by the government's desire to balance negative output shocks, but

a sudden shift in market expectations regarding the government's willingness to

tolerate unemployment can incur a devaluation that would have not occurred under

alternative market sentiment. Apart from the dominating self-ful�lling aspect in this

model, it is important to notice that market sentiments change due to a deterioration

of fundamentals. The reason lies in rising real wages, declining competitiveness, and

higher unemployment which are induced by market participants' knowledge about

the government's objective function. The government is attempting to minimize

output and ination uctuations. However, higher real wages and unemployment

and declining competitiveness are causing negative output shocks, thereby forcing

the government to devalue the currency.24 Due to this circularity, one may argue that

within this speci�c framework, the rate of unemployment, the growth of real wages,

and the productivity growth are leading indicators of a currency crisis. But, parallel

to the �rst generation models, the imminent presence of self-ful�lling devaluations

in second generation models, caused by shifts in market sentiment, dims the outlook

for the e�ciency of early warning indicators for �nancial crises.

Before entering the realm of empirical evaluation of early warning indicators, I

would like to present in the following paragraphs recent e�orts aiming at unifying

the two competing currency crises theories presented so far. The question whether

additional indicators arise from a synthesis is also examined.

2.3 A Cross-Generation Framework Proposition

In the previous two subsections I outlined two models, each one representing one of

the two major camps within the currency crisis literature. I showed that �rst and

second generation models give diverging suggestions concerning the identi�cation of

useful early warning indicators for �nancial crises. This brief section is dedicated to

the issue whether there exist ways to reconcile these two camps, i.e. to integrate the

24For a more detailed description see Obstfeld (1991) and (1996). Also, see Eichengreen and
Jeanne (1998) who develop a similar model in order to verify the mutual interaction between
unemployment and devaluation expectations using data from the 1931 sterling crisis.
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two approaches into a \cross-generation framework", as Flood and Marion (1998)

refer to it. In the course of this, it should also be investigated whether a common

framework gives rise to additional potential early warning indicators.

Flood and Marion (1998, pp. 23-26) argue that �rst and second generation models

are separated by one crucial feature. In �rst generation models the government's

commitment to a �xed exchange rate is designed to be \state invariant", whereas in

second generation models it is not. This means that the government's adherence to

the �xed parity in traditional models is independent of the development of economic

fundamentals. This was shown in Subsection 2.1 where the government supports the

�xed exchange rate until the foreign exchange reserves are used up. This behavior is

assumed to be independent of variables, such as the rate of unemployment or output

growth. In contrast, second generation models explicitly allow the government to

reconsider its optimal commitment every period. Here, the government's reserve

commitment is dependent on the development of fundamentals, because it is the

result of a cost-bene�t evaluation. When the costs of maintaining the peg (e.g.

in terms of lost output or higher unemployment) surpass the bene�ts of a �xed

exchange rate, the government may consciously reduce its commitment.

According to Flood and Marion (1998, pp. 23-24), the proposition of a state-

invariant commitment to a �xed exchange rate is dismissed by empirical �ndings.

In reality, governments or central banks are usually confronted with a trade-o�

between the advantages of a �xed exchange rate regime and such factors as the

amount of public debt, unemployment, a vulnerable banking sector, or upcoming

elections.25 Hence, the question remains whether it would be possible to include

this important characteristic of second generation models in a traditional model

framework.

We know from Subsection 2.1 that �rst generation models simulate the gov-

ernment's commitment to a �xed parity by simply setting the post-attack amount

of international reserves equal to a constant, which in this case is zero.26 That is,

the government will abandon the peg the very moment reserves are depleted. In

25In order to support this view I would like to mention the example of Thailand in summer
1997. Any commitment to preserve the peg with the US dollar on parts of the central bank and
the Thai government was faced with a signi�cant constraint, namely the state of the banking
sector. Beginning to recognize the banking sector's fragile condition, and knowing that further
adherence to the peg would have included raising domestic interest rates, the commitment to the
�xed parity was ceased on 02 July 1997.

26Flood and Marion (1998, p. 24) point out that this is usually assumed for simplicity. Equally,
one could also imagine post-attack reserves to be greater than zero or smaller than zero, where the
latter would represent a borrowing limit.
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terms of Flood and Garber's (1984) model this signi�es that the post-attack reserve

level enters the shadow exchange rate as a constant. Remembering equation (11)

from Subsection 2.1 we know that the time of collapse z is dependent on the

state-invariant initial reserve level R(0) :

z =
R(0)

�
�

�

�
:

Flood and Marion's (1998) suggestion for a common cross-generation framework

embodies that R(0) should depend on the development of fundamental variables.

The speci�c linear form applying to a discrete-time model is proposed as

Rt = 0 + 1nt�1 ;

where the reserve commitment in period t is inuenced by the rate of unemployment

n in period t � 1 . Of course, any of the other variables mentioned earlier, such

as the health of the banking system, could be included in this equation, thereby

making the government's commitment to the �xed exchange rate state-variant.

Without going into further detail it should have become clear that a poten-

tial synthesis of �rst and second generation models involves a traditional level of

post-attack reserves which is dependent on the behavior of variables inuencing the

government's loss function in second generation models. Thus the time of a col-

lapse of the �xed exchange rate regime is also state-variant, as it now is a function

of the government's optimal reserve commitment. Regarding the objective of this

work it is su�ce to say that a potential reconciliation of �rst and second genera-

tion models does not provide any additional information concerning early warning

indicators. This is due to the fact that the early warning indicators gathered so

far in Subsections 2.1 and 2.2 could equally be extracted from a uni�ed framework.

Concluding the theoretical part of my work, the following subsection will provide a

brief overview of the early warning indicators identi�ed on theoretical grounds.
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2.4 Early Warning Indicators as Suggested by Theory

Before moving on to an empirical evaluation of early warning indicators for �nancial

crises, I would like to briey summarize the results obtained so far. Having analyzed

two representative frameworks of �rst, respectively second generation models, I was

able to extract variables that describe typical symptoms preceding a currency crisis.

These variables may constitute reliable early warning indicators. Although I did not

explicitly present a model of banking crises, some of the indicators derived from the

second generation models also pin-point problems in the banking sector.27 Therefore,

I may broadly speak of early warning indicators for �nancial crises, despite the fact

that the models outlined in Subsections 2.1 and 2.2 considered currency crises.

Table 1. Early Warning Indicators as Suggested by Theory.

First Generation Models Second Generation Models

A. Real Sector � Real Wages (+) � Output Growth ({)

� Rate of Unemployment (+)

� Real Wages (+)

� Productivity Growth ({)

B. Fiscal Sector � Fiscal Budget De�cit (+) � Stock of Public Debt (+)

C. Financial Sector � Domestic Credit Growth (+) � Domestic Interest Rate (+)

� Asset Prices (+) � Share of Short-Term Debt (+)

� Domestic Interest Rate (+) � Banking Sector Health ({)

- Share of Non-Performing

Loans (+)

- Asset Prices ({)

- Deposit Growth ({)

- Share of Short-Term Foreign-

Currency Borrowing (+)

- Central Bank Credit to Banks (+)

D. External Sector � International Reserves ({) � Foreign Interest Rate (+)

� Real Exchange Rate (+) � Domestic and Foreign

� Current Account De�cit (+) Interest Rate Di�erential (+)

E. Other � Capital Controls ({)

� Political Variables (+/{)

27For an useful model of banking sector collapse see Diamond and Dybvig (1983).
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Table 1 summarizes the early warning indicators as suggested by theory, grouped

into categories. The sign in parentheses designates the e�ect an increase in the re-

spective variable exerts on the probability of a currency devaluation. The reasoning

underlying the sign was laid out in the previous subsections.

The table reveals that surprisingly many potential early warning indicators can

be derived from the two rather basic models exposed in Subsections 2.1 and 2.2.

Eliminating double-counts and omitting the slightly ambiguous \political variables",

22 variables can be identi�ed to contain predictive power in the run-up to �nancial

crises. These potential indicators could report a variety of signals which should allow

for obtaining a useful picture of the economy. Interestingly, it can be stated already

at this point that these basic indicators could have helped to predict the �nancial

di�culties in Asia. In the case of Thailand in early 1997, six of the eight indicators

based on �rst generation models would have indicated an increased probability for

a currency crisis in the form of abandoning of the �xed parity to the U.S. dollar.

According to Boorman (1998, pp. 114-115), Thailand's rate of credit growth, the

domestic interest rate, the level of (net) international reserves, and the current

account de�cit were equally signaling a signi�cant crisis potential in early 1997. Lau

and Park (1995, p. 9) and Edwards (1999, pp. 6-7) add that Thailand's real exchange

rate was considerably over-valued in the period preceding the crisis. Furthermore,

Doner and Ramsay (1999, pp. 176-177) state that Thai real wages increased by 70

percent from 1982 to 1994. Interestingly, wages of textile laborers (one of Thailand's

premier export industries) are reported to have climbed by an annual average of 11.3

percent between 1990 and 1994. In view of much lower rates in Korea, China, India,

and Taiwan, the loss of competitiveness is conceivable.28

However, only extensive empirical testing permits a profound judgement of an

early warning indicator's capabilities. Therefore, in the ensuing Section 3, the can-

didate leading indicators of �nancial crises obtained so far will be the subject of

three di�erent empirical techniques that attempt to verify their predictive power.

Additional potential early warning indicators will also be tested.

28For a detailed overview of the state of the Asian economies on the eve of the crisis see Corsetti,
Pesenti and Roubini (1998).
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3 The Empirical Assessment of Early Warning In-

dicators

This section will focus exclusively on the empirical evaluation of early warning

indicators for �nancial crisis. Departing from the candidate indicators derived from

theoretical models in the last section, an empirical validation of their predictive

power should ensue. After all, the e�ciency and accuracy of a particular early

warning indicator can only be veri�ed when confronted with real world data.

As already mentioned in the introduction to this work, there exists a �ne distinc-

tion between individual univariate indicators and composite indicators for �nancial

crises. Therefore, the remainder of this section is organized as follows. First, I

will focus on the evidence on the e�ciency of univariate indicators. I will expose

an approach by Sachs, Tornell and Velasco (1996) who implement cross-country re-

gressions. In that particular context results concerning the empirical relevance of

political variables as predictors for �nancial crises are also presented. A probit-based

approach by Frankel and Rose (1996) ensues. The signals approach by Kaminsky,

Lizondo and Reinhart (1998) forms the end of the part on univariate early warning

indicators. A presentation of Kaminsky's (1998) construction of a composite leading

indicator conclude this section.

3.1 Univariate Indicators for Financial Crises

Faced with an abundance of empirical studies on univariate indicators, one may

simply report the various variables tested and their levels of signi�cance. However,

this approach would be very disorderly and would also miss important conceptual

aspects associated with testing early warning indicators. In fact, many de�nitional

and technical issues arise which vary among the di�erent studies. Hence, I chose the

most promising works and organized them according to their econometric approach.

By doing this, various techniques for testing potential indicators' relevance and their

impact on the respective results can be explored.
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Basically, the empirical literature on univariate early warning indicators can

be arranged into three groups. The �rst one contains cross-country regressions

attempting to determine the explanatory power of speci�c indicators for the event

of a currency crisis which is usually de�ned as a sharp devaluation of the domestic

currency. A second group uses probit models of currency collapses in order to prove

the predictive content of key variables. A third way to evaluate potential early

warning indicators lies in the so-called signals approach. Here, a critical threshold

is calculated for each indicator, and when the variable exceeds this critical level an

early warning signal is emitted.

In what follows, I will explain each of the three techniques and their implications

in further detail. Moreover, I will present the major �ndings of these approaches.

That is, which indicators were found to be signi�cant predictors of �nancial crises.

At this point, I would like to point out the importance of distinguishing between

in-sample and out-of-sample signi�cance. If an econometric approach is built around

a speci�c crisis episode, say the Asian �nancial crisis, and certain variables appear

as signi�cant predictors based on ex post data, they are being tested in-sample.

Basically, a set of observations is �t after a fact. However, in the framework of

this work I am more interested in the prediction of future crises. Therefore, it

is important to judge a model's performance out-of-sample. So, an out-of-sample

signi�cance could be asserted, if the indicators of in the example model were equally

able to foretell the Mexican crisis in 1994/95. Obviously, out-of-sample signi�cance

is a very desirable feature of a certain indicator, because of its general and more

profound relevance. This point is further emphasized by Berg and Pattillo (1999,

p. 562) who argue that determinants of crises may vary through time. Out-of sample

tests of empirical approaches are therefore indispensable.
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3.1.1 Cross-Country Regressions

This subsection is mainly based on the work of Sachs, Tornell and Velasco (1996)

who analyze the �nancial events surrounding the Mexican peso crisis which erupted

in December 1994. Following the Mexican devaluation other emerging markets'

currencies (foremost Argentina, Brazil, and the Philippines) came under pressure,

too. Some of these economies experienced a sharp contraction of their GDP and a

surge in unemployment (e.g. Argentina). This contagious spreading of the Mexican

crisis has been dubbed the \Tequila e�ect".

Sachs et al. (1996) focus on the issue why some emerging market economies were

hit by �nancial crisis in 1995, whereas others escaped the turmoil nearly scatheless

(e.g. Chile and Colombia). In order to solve this question, they ask whether there

exists a set of fundamentals that explains this seemingly selective behavior of �nan-

cial markets' behavior, or whether the variation of �nancial crises across countries

was merely due to plain contagion. Hence, the authors do not seek to explain the

causes of the Mexican peso crisis. Rather they test the hypothesis that the more

vulnerable a country was before the Mexican devaluation, the harder it was hit

subsequently by the Tequila e�ect.

Therefore, Sachs et al. (1996, p. 149) identify three key characteristics that de�ne

a country's �nancial vulnerability. According to them, a low level of international

reserves, an appreciated real exchange rate, and a weak banking system (i.e. high

non-performing loan ratio) are the main indicators signaling an increased risk of

devaluation. Their choice is based on the following line of reasoning. Suppose, in-

vestors try to minimize short-term losses. Thus they would surely withdraw their

capital from countries that are expected to devalue their currency. The likelihood

that a country might implement a substantial nominal exchange rate depreciation

depends on the country's ability to ward off a major reversal of capital inows.

First, the country may use its international reserves for offsetting up-ward pressure

on the exchange rate. Hence, the level of international reserves is critical for the

country's ability to fend off the capital inow reversal. In case the external gap per-

sists, an immediate reduction of the current account de�cit is required. This can be

achieved by two mechanisms, either by a reduction of domestic absorption (i.e. con-

sumption and investment) or by a depreciation of the real exchange rate which, in

the short-run, can only be obtained by a nominal depreciation. Obviously, the nom-
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inal depreciation has to be the greater, the larger the (downward) deviation of the

real exchange rate from its long-run equilibrium level, that is, the more unjusti�ed

the high real exchange rate level is in view of the reversed capital ows.29 Hence,

the level of the real exchange rate is also an indicator of the country's �nancial

vulnerability. Moreover, the nominal depreciation will be greater, if the government

is unwilling to su�er a recession, because of a period of high interest rates and de-

clining exports, which is caused by an overvaluation of the domestic currency. The

economy's ability to accommodate a recession depends crucially on the health of

the banking system. If banks show an increased ratio of non-performing or bad

loans, a recession and entailing bankruptcies may lead to widespread bank failures.

Therefore, a deterioration of banks' balance sheets also indicates an increased risk

of a future devaluation.

Based on this argumentation, the speci�c indicators used by Sachs et al. (1996,

p. 150) in their regressions are the real exchange rate, bank lending to the private

sector, and the ratio of M2 (currency plus demand and savings deposits in commer-

cial banks) to international reserves. The rationale supporting the �rst indicator

was already explained in the preceding paragraph, but the other two indicators may

require additional explanation. The idea behind the second variable is that usually

a sharp increase in lending to the private sector is usually associated with a simul-

taneous deterioration of the banks' balance sheets, because internal credit oversight

and risk evaluation mechanisms are quickly overwhelmed by a lending boom in an

emerging market economy. The third variable provides a more accurate picture of

the risk of devaluation than the mere level of international reserves. Using the ra-

tio of M2 to reserves rests on an argument by Calvo (1995, p. 7) who argues that

when capital inows reverse, not only do gross inows dry up, but holders of liquid

domestic liabilities also try to convert them into foreign currency. Thus the level of

international reserves ought to be compared to a broad measure of all liquid mone-

tary assets that can be converted into foreign currency at short-notice. Hence, the

vulnerability of a country rises, as the ratio M2 to reserves increases.

In order to test their hypothesis, Sachs et al. (1996, pp. 159 �.) regress these

three variables against a crisis index (denoted IND) which gauges pressure on the

29The equilibrium real exchange rate is de�ned along the lines of Edwards (1989, p. 8) as that
relative price of tradables to nontradables that results in the simultaneously attainment of internal
(i.e. nontradable goods market clears) and external (i.e. current account balance is compatible with
long-run sustainable capital ows) equilibrium.
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foreign exchange markets of 20 emerging market economies.30 The crisis index is

de�ned as the depreciation rate of the real exchange rate plus the negative of the

percentage change in foreign exchange reserves from the end of November 1994 to

the end of each of the �rst six months of 1995.31 Due to di�ering volatilities of the

two series between countries, each of the two components of the index is weighted

by the inverse of its variance (the precision) over the sum of precisions. Precisions

are calculated from monthly data over ten years. The rationale underlying this

index is that a government may react to a massive capital inow reversal in three

ways. It can let the exchange rate depreciate, or defend the currency by depleting

its international reserves or by increasing domestic interest rates. Because Sachs et

al. (1996, p. 159) do not �nd reliable and comparable data on cross-country interest

rates, the index is constructed using the two remaining policy variables.

The values for IND are depicted in Table 2 which leans on a similar table in

Sachs et al. (1996, p. 160). A higher value for IND indicates a higher devaluation

or a greater loss of reserves. Therefore, IND can be regarded as a measure of

the severity of the infamous Tequila e�ect. The values for the other variables are

computed as follows. The real depreciation of the exchange rate (RER) is the

percentage change in the real exchange rate index between the average of 1986-89

and the average of 1990-94. The real exchange rate index is a weighted sum of

bilateral exchange rates (using domestic and foreign consumer price index vis-�a-

vis the U.S. dollar, the deutsche mark, and the yen). The weights add up to one

and are proportional to a country's bilateral trade share with the United States,

the European Union, and Japan. A positive (negative) value of RER implies that

the real exchange rate is depreciated (appreciated), relative to the base period. The

variable describing a lending boom (LB) is the percentage change between 1990 and

1994 in the ratio of the size of the banking sector's claims (demand deposit banks

and monetary authorities) on the private sector to GDP. This measure serves as an

indirect measure of the weakness of the banking sector, because there does not exist

a set of comparable bank balance sheets for the countries surveyed, according to

Sachs et al. (1996, p. 161). This indirect measure may nevertheless be su�ciently

30Their sample includes Argentina, Brazil, Chile, Colombia, India, Indonesia, Korea, Jordan,
Malaysia, Mexico, Pakistan, Peru, the Philippines, South Africa, Sri Lanka, Taiwan, Thailand,
Turkey, Venezuela, and Zimbabwe. These countries were chosen from the Emerging Stock Markets

Factbook of the International Finance Corporation which lists emerging markets where foreigners
can invest in stocks and other �nancial instruments with relative freedom.

31Hence, six regressions will be run, all focusing exclusively on the e�ects of the Mexican crisis
on other emerging market economies.
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accurate, because, as already alluded to above, it is reasonable to assume that

a lending boom in an emerging market economy will contribute to an expansion

of high-risk activities (e.g. credit cards, real estate loans, consumer loans) which

coincides with insu�cient screening and oversight capacities on sides of the banks.

Thus a higher value for LB indicates that the economy is more vulnerable and more

likely to implement a sharp devaluation when hit by a speculative attack.

The reserve adequacy variable (M2=R) depicts the ratio of the broad measure of

the money stock (M2) to the stock of foreign exchange reserves in November 1994.

The vulnerability of the economy increases as the measure (M2=R) rises, thereby

indicating inadequate reserves to ward o� an attack on the domestic currency.

Table 2. Crisis and Financial Vulnerability Indicators.

Crisis Index Real Depreciation Lending Boom Reserves Adequacy

Country (IND) (RER) (LB) (M2=R)

Mexico 79.1 -28.5 116.2 9.1

Argentina 20.2 -48.0 57.1 3.6

Brazil 17.7 -29.6 68.3 3.6

Venezuela 7.6 16.2 -38.5 1.4

Philippines 7.2 -6.7 50.0 4.1

Taiwan 4.4 16.2 46.0 4.7

Colombia 4.2 9.2 20.5 1.5

Zimbabwe 1.6 44.2 55.7 2.6

Indonesia 1.3 11.8 0.7 4.6

South Africa 1.1 -6.8 8.1 21.5

Pakistan 0.7 20.4 -7.7 6.6

Sri Lanka 0.7 1.2 28.9 2.0

India -1.2 43.0 -3.1 6.3

Jordan -1.5 35.5 4.2 2.5

Thailand -1.8 0.2 39.2 3.7

Turkey -2.5 -12.1 -32.8 3.2

Malaysia -2.6 9.8 4.0 2.1

Peru -2.9 -45.4 156.1 1.5

Korea -3.7 -10.3 8.4 6.5

Chile -5.7 -7.5 13.3 1.4
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I ranked the countries in Table 2 according to the severity they were a�ected by

the Tequila e�ect, which is denoted by IND. Already at �rst glance one can infer

that those countries hit hardest by the loss of investors' con�dence, are seemingly

those that exhibited signi�cant �nancial fragility in terms of the three indicator

variables prior to the Mexican devaluation. This relationship is thoroughly investi-

gated in Sachs et al.'s (1996, pp. 164-170) regression analysis. According to their

hypothesis only countries with weak fundamentals (i.e. overvalued real exchange rate

and bank lending boom) or extremely low reserves succumb to pressures exerted by

�nancial markets. Hence, they divide their sample into countries having weak or

strong fundamentals and high or low reserves. A country is assumed to have weak

fundamentals, if the value for RER lies within the lowest three quartiles or LB in

the highest three quartiles of the sample. Otherwise, a country has strong funda-

mentals. A dummy variable for weak fundamentals is created, such that DWF is

equal to one for weak fundamentals and zero otherwise. Similarly, a country has low

international reserves, if its ratio of M2=R lies within the highest three quartiles of

the sample. The corresponding dummy variable DLR is equal to one in this case and

equal to zero for countries having their reserve ratio within the lowest quartile.32

After having de�ned the variables entering the regression, the regression equation

of Sachs et al. (1996, p. 164) takes the following form

IND = �1 + �2(RER) + �3(LB) + �4(D
LR

�RER) + �5(D
LR

� LB)

+ �6(D
LR

�DWF
�RER) + �7(D

LR
�DWF

� LB) + � ;

with the following hypotheses:

(1) The e�ect of fundamentals on the crisis index should be zero in countries with

high reserves and strong fundamentals. Therefore, it should be expected that

�2 = �3 = 0 :

(2) The e�ect of fundamentals on the crisis index is also expected to be equal to

zero when fundamentals are strong, but reserves are low (DLR). This implies

32These de�nitions of the dummy variables deem thirteen of the twenty countries in the sample
�nancially vulnerable. These are Argentina, Brazil, Indonesia, Jordan, Korea, Malaysia, Mexico,
the Philippines, South Africa, Taiwan, Thailand, Turkey, and Zimbabwe. Although this list appears
to be rather long, the estimation results are robust to a modi�cation of the de�nition of the dummy
variables, as reported by Sachs et al. (1996, p. 164).
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the idea that a country is able to fend o� a speculative attack with a high level

of international reserves. Hence,

�2 + �4 = �3 + �5 = 0 :

(3) The e�ects of fundamentals on the crisis index in countries with low reserves

and weak fundamentals is captured by the coe�cients �2 + �4 + �6 and

�3 + �5 + �7 , respectively. It is expected that

�2 + �4 + �6 < 0 and �3 + �5 + �7 > 0 ;

because a more devalued real exchange rate in November 1994 should lead to a

smaller crisis index in 1995. Furthermore, a larger bank lending boom should

incur a larger value of the crisis index in 1995.

Sachs et al. (1996, p. 165) ran six regressions, each time increasing the interval

used to calculate the crisis index by one month. As the results do not vary

signi�cantly, I will merely report the results of one regression which is su�cient

to assess their method. The results (with standard errors in parentheses) given in

Table 3 are based on a crisis index of the period from November 1994 to April 1995

and are taken from Sachs et al. (1996, p. 165). Interpreting the results, it is striking

that �2 and �3 are both positive and statistically different from zero which was

not expected. It appears especially anomalous that a more depreciated currency

implies a larger crisis. However, for countries with weak fundamentals and low

reserves, RER and LB enter the regression with the expected signs, since we receive

for the estimates of �2 + �4 + �6 = �2:65 and �3 + �5 + �7 = 3:83 . This means

that for countries with a low level of reserves and weak fundamentals, both a less

depreciated real exchange rate and a larger bank lending boom increase the severity

of the crisis (i.e. the crisis index rises). This �nding is supported by the Wald

test statistic33 that rejects at a 10 percent level of signi�cance the hypothesis that

�2+�4+�6 = 0 and �3+�5+�7 = 0 . Moreover, as expected, RER and LB have

no impact on the crisis indicator for countries with low reserves, but strong funda-

mentals. This is veri�ed by the result that �2+�4 and �3+�5 are found to be not

signi�cantly different from zero at a 10 percent level of signi�cance. Also, associated

p-values from the Wald test do not suggest a rejection of these two linear restrictions.

33The Wald test statistic is a common tool for checking the validity of linear restrictions imposed
on the independent variables. A near zero p-value leads to the rejection of a particular restriction
(see Lin (1998, p. 41)). Unfortunately, Sachs et al. (1996) do not provide further information
on the regression in their work (e.g residual sum of squares or the Wald test F -value), so that
additional comments on the signi�cance of the linear restrictions cannot be made.
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Table 3. Explanation of the Crisis Index.

Estimated Coef�cient Independent Variable Result

�̂1 Constant -37.039

(36.678)

�̂2 RER 6.393

(2.727)

�̂3 LB 1.770

(0.950)

�̂4 RER �DLR -6.165

(2.276)

�̂5 LB �DLR -6.835

(3.954)

�̂6 RER �DLR
�DWF -2.886

(1.542)

�̂7 LB �DLR
�DWF 8.895

(4.407)

Goodness of �t

R2 0.690

R
2

0.546

Wald tests:

Null hypothesis p-values

�̂2 + �̂4 = 0 0.72

�̂2 + �̂4 + �̂6 = 0 0.07

�̂3 + �̂5 = 0 0.12

�̂3 + �̂5 + �̂7 = 0 0.04

It can also be inferred from the value of R2 in Table 3 that 69 percent of the

variation in the crisis index can be explained by the movements of the real exchange

rate, the lending boom and the dummies.34 This central result seems to con�rm

the suspicion that the Tequila effect only infected countries that had a low level

of reserves (the conditio sine qua non) in early 1995 and had either experienced

a sharp real exchange rate appreciation or a bank lending boom (or both) in the

years leading up to the crisis. Hence, this econometric analysis suggests that the

34Sachs et al. (1996, pp. 167-170) perform several robustness tests, such as a change in the
de�nition of the dummies, a change in the grouping of countries concerning reserve adequacy and
state of fundamentals or dropping single countries from the sample. Each modi�cation leaves the
signs of the variables and their explanatory power basically unaltered.
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level of international reserves, the development of the real exchange rate, and the

rate of domestic credit expansion are indeed useful predictors for the severity of

�nancial market pressures on emerging market economies. Interestingly, these indi-

cators (among others) were also proposed by the �rst generation models presented

in Subsection 2.1.

However, these encouraging results have to be contrasted with several serious

constraints and limitations inherent to Sachs et al.'s (1996) approach. First of all,

they test their hypothesis only for one crisis episode, namely, the Mexican peso crisis

and its reverberations during the �rst half of 1995. The advantage of this approach

obviously is that a small number of explanatory variables may already be suf�cient

in order describe the severity of this particular crisis. But, the functional form is not

tested for data of tranquil times, thereby the occurrence of false signals is prevented.

Also, the work is purely in-sample in its nature, as no effort is made to apply the

framework to previous crises. Thus any conclusions concerning early warning indi-

cators drawn from this approach are limited to the Mexican crisis of 1994/95.35 An

important characteristic of an early warning indicator (system), however, is its gen-

eral applicability. Therefore, the three indicators veri�ed empirically here can only

be of very limited relevance.

Besides, Sachs et al.'s (1996) model does not help to detect the timing of a

currency crisis, which they assume to be not predictable and to be depended on

investors' sentiment. Within their framework a currency crisis occurs due to con-

tagion, that is, a currency crisis elsewhere is a prerequisite of a currency crisis to

occur in a country that is deemed vulnerable by the three indicators. This does not

provide much incentive to governments for keeping their economies from avoiding

critical levels of the three vulnerability indicators, because they are safe as long as

there is no crisis elsewhere.

An interesting point is made by Richard N. Cooper in the ensuing discussion on

Sachs et al.'s (1996) paper. He wonders why the authors did not consider reputation

and history of the countries when determining the severity of the Tequila effect.

Cooper argues that reputation and a track record of past crises goes a long way

explaining why Mexico and Argentina were hit much harder by the 1994/95 turmoil

35Berg and Pattillo (1998, pp. 50-53) make an effort to test this model out-of-sample by at-
tempting to predict the severity of the Asian crisis. They report the complete failure of the
original model. Only after implementing re-speci�cations and re-de�nitions somewhat useful, but
still unsatisfactory, results are obtained and the predicted ranking of countries hit by the Asian
crisis is very different from the actual ranking.
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than for instance the Asian countries. If this arguments accurately mirrors investors'

sentiment, then one could argue that the number of past �nancial crises is a predictor

for the severity of a future �nancial crises in a particular country.

Concluding the analysis of Sachs et al.'s (1996) approach, it can be asserted that,

despite considerable limitations, three of the indicators suggested by theory help to

predict which countries were to suffer most from the Tequila effect emanating from

the Mexican peso crisis in early 1995. These indicators are the real exchange rate,

the level of international reserves, and the rate of domestic credit growth.

Before moving on to the next empirical technique, I will introduce a useful ex-

tension of the cross-country regression approach outlined above in the following

paragraphs. It is shown that the consideration of variables capturing political in-

stability can signi�cantly enhance the predictive power of the model.

The analysis in Section 2.2 allowed us to assume that political variables exert an

effect on the timing of a currency crisis. Now, I will briey present the results of

Bussi�ere and Mulder (1999) who test the impact of political instability on �nancial

vulnerability using data from 23 countries36 during the Mexican crisis in 1994 and the

Asian crisis of 1997. Bussi�ere and Mulder (1999, pp. 6-9) simply add four variables

to the functional form used by Tornell (1998) which is identical to the one used by

Sachs et al. (1996). The four additional political variables are indicators for the

effective number of parties in parliament, the political cohesion of the government

(i.e. the nature of the coalition), the degree of voters' political indecision (i.e. the

volatility of election results), and the election dates. The regression results indicate

that the crisis index for a particular country rises when the country just held nation-

wide elections and when the election outcomes are unstable, i.e. the �ckleness of

voters is high. These results, however, solely apply to countries with weak economic

fundamentals and low reserves. Otherwise, countries seem to be only marginally

affected by political instability. In conclusion, Bussi�ere and Mulder (1999, p. 17)

state that the consideration of political variables enhances the explanatory power

of cross-country regressions.37 This �nding suggests that political aspects should

also enter the assessment of a country's �nancial vulnerability. But, indicators for

36The sample includes Argentina, Brazil, Chile, Colombia, Hong Kong (China), Hungary, India,
Indonesia, Jordan, Korea, Malaysia, Mexico, Pakistan, Peru, the Philippines, Poland, South Africa,
Sri Lanka, Taiwan, Thailand, Turkey, Venezuela, and Zimbabwe.

37A similar result is reported by Eichengreen, Rose and Wyplosz (1995) who analyze the impact
of political variables on the exchange rate regime of 20 OECD countries between 1959 and 1993.
They �nd that a past government defeat inuences signi�cantly the choice of the exchange rate
regime, albeit they are not able to explain currency crises with this �nding.
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political uncertainty may be dif�cult to specify and comparability among countries

may therefore be rather limited.

3.1.2 Multivariate Probit Models

In this subsection I will introduce a second approach for analyzing currency crises.

In contrast to the last section we now deal with a much larger sample size and annual

data. Frankel and Rose (1996) attempt to �nd determinants of currency crises for

105 developing countries using data on 16 variables from 1971 to 1992. Obviously,

the fact that annual data are used should restrict the variables' ability to serve as

e�cient early warning indicators, but instead it allows for analyzing the impact of

important (low frequency) variables such as the composition of external debt.

Frankel and Rose (1996, p. 352) de�ne a currency crisis as a nominal devaluation

of the domestic currency of at least 25 percent in a year, while the devaluation has

to exceed the previous year's devaluation by at least 10 percent.38 This de�nition

explicitly excludes periods of attacks on the domestic currency that were warded o�

by the domestic authorities from the periods denoted as crises. This rigid de�nition

of a crisis period is justi�ed by the lack of comparable data on interest rates and

reserve movements, which are indispensable data for an evaluation whether a cur-

rency is under attack. Furthermore, in their study the exchange rate is measured as

the natural logarithm of the nominal bilateral dollar exchange rate, multiplied by

100. Besides, they delete currency crises that occurred within three years of another

crisis in the same country in order to avoid counting the same crisis period twice.

The list of variables entering Frankel and Rose's (1996, pp. 353-357) probit re-

gression runs as follows. The domestic macroeconomic variables include (1) the

growth rate of domestic credit, (2) the government budget surplus as percent of

GDP, (3) and the growth rate of real GDP. Indicators of vulnerability to exter-

nal shocks are (4) the ratio of external debt to GNP, (5) the ratio of reserves to

imports,39 (6) the current account as percent of GDP, and (7) the degree of overval-

38Supported by their sensitivity analysis, Frankel and Rose (1996, p. 353) argue that this some-
what arbitrary cut-o� point does not a�ect the results of their regression analysis.

39It should be expected that the regression results of this indicator are unsatisfactory. As already
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uation, de�ned as the deviation from the average bilateral real exchange rate over

the time horizon. Foreign variables are represented by (8) the percentage growth

rate of real OECD output (in U.S. dollars at 1990 exchange rates and prices) and

(9) a composite foreign interest rate which is constructed as a weighted average of

short-term interest rates for the United States, Germany, Japan, France, the United

Kingdom, and Switzerland. The weights are proportional to the fractions of debt

denominated in the respective currency. These two external variables enter the

regression analysis in percentage points. Finally, the composition of both capital

inows and the stock of debt is represented by the following seven variables all of

which enter the regression as a percentage of the total stock of debt. They comprise

(10) the amount of debt lent by commercial banks, (11) the amount which is con-

cessional, (12) the amount which is lent at variable rate, (13) the amount which is

public sector debt, (14) the amount which is short-term debt (maturity less than one

year), (15) the amount lent by multilateral development banks (i.e. World Bank and

regional development banks), and (16) the ow of foreign direct investment (FDI).

In order to determine the impact of each of those variables on the timing of a

currency crisis, Frankel and Rose (1996, pp. 360-363) estimate a multivariate probit

model with a constant using maximum likelihood where all variables are employed

simultaneously. Since I am primarily interested in the variables' ability to serve

as an early warning indicator for currency crises, I will only report the estimation

using lagged variables.40 The lag is one year. Table 4 lists the estimation results as

obtained by Frankel and Rose (1996, p. 361). Note that the probit slope derivatives

are already multiplied by 100 and thus converted into percentages to permit easier

interpretation.41 The jzj-statistic is given for the hypothesis of no e�ect. Estimates

that are signi�cantly di�erent from zero at a 5 percent level of signi�cance are set

in bold letters.

It can be inferred from Table 4 that seven of the 16 variables serve as leading

indicators of a currency crisis, that is, they are found to be signi�cant in the probit

estimation as carried out by Frankel and Rose (1996). The lead time is one year.

The interpretation of the signi�cant variables follows this example. A one percent

decline in the concessional debt as part of the total debt increases the probability of

laid out in the previous subsection, the ratio of reserves to imports may only be an inadequate
indicator. The ratio of reserves to M2 would be a superior indicator.

40Interestingly, the predictive estimation using the lag variables �nds more variables to be sig-
ni�cant than the original estimation.

41For a general outline of probit models and their implications see Greene (1993, pp. 635-681).
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a currency crisis within the following year by 0.14 percent. Similarly, if the rate of

domestic credit growth rises by one percent, the likelihood of a crisis is augmented

by 0.10 percent. The remaining signi�cant indicators are interpreted in the same

manner. Furthermore, the sign of the seven variables concurs with intuition and

expectations alike.

Table 4. Predictive Probit Estimates of a Currency Crash.

�F (x)=�x jzj

Commercial Bank Share of Total Debt 0.03 0.21

Concessional Share -0.14 2.10

Variable Rate Share -0.03 0.22

Short-Term Share 0.23 1.97

FDI/Total Debt -0.31 2.47

Public Sector Share 0.19 2.18

Multilateral Share -0.06 0.81

Total Debt/GNP -0.04 1.71

Reserves/Imports -0.01 3.39

Current Account/GDP 0.02 0.22

RER Overvaluation 0.08 2.53

Government Budget Surplus/GDP 0.16 1.06

Domestic Credit Growth 0.10 3.24

GDP Growth Rate -0.16 1.29

Northern (OECD) Growth Rate -0.85 1.50

Foreign Interest Rate 0.80 2.60

Sample Size 780

Pseudo-R2 0.17

Frankel and Rose (1996, p. 362) admit that the weak performance of the debt

composition variables is due to multicollinearity among the various debt measures.

They do not, however, provide the results of their multicollinearity tests. Therefore,

the severity of the problem can not be evaluated.42

42Multicollinearity is a data problem arising from a group of highly correlated explanatory vari-

ables used in the regression equation (see Lin (1998, p. 71)). The consequence of multicollinearity
is large standard errors and thus insigni�cant coe�cient estimates. Usually, this problem suggests
that irrelevant variables should be identi�ed and subsequently dropped from the equation. Be-
sides, techniques such as ridge regression or principal components may be implemented in order
to correct for multicollinearity. But, Frankel and Rose (1996) do not report on any e�orts made
in this direction.
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Summarizing the variable estimates, one can say that low fractions of debt which

are either concessional or accounted for by FDI or a high fraction of public sector

debt, all increase the likelihood of a currency crisis one year ahead. Moreover, a

low level of international reserves, an overvaluated real exchange rate, high foreign

interest rates, and high domestic credit growth are also found to be leading indicators

of currency crises. These results are largely robust to variations of the sample

size and the time frame, as emphasized in Frankel and Rose's (1996, pp. 363-365)

sensitivity analysis.

These encouraging results concerning individual indicators are over-shadowed

by the diagnostic statistics given in Table 5 which reveals the very low predictive

power of the model and is borrowed from Frankel and Rose (1996, p. 361).

Table 5. Predictive Model: Goodness of Fit.

Tranquillity Crash Total

Predicted Tranquillity 707 64 771

Predicted Crash 4 5 9

Total 711 69 780

This table contains the number of actual currency crisis episodes (69) and tran-

quil times (711) and the number of crisis and tranquil episodes as predicted by the

probit model. The model is assumed to call a crisis correctly when the estimated

probability for a currency crash is above 50 percent43 and a crisis ensues within the

following two years. A tranquil period is correctly called, if the estimated prob-

ability of crisis is below 50 percent and no crisis occurs during the following two

years. Apparently, the model has little problems detecting tranquil periods for 707

out of 711 are correctly predicted. However, the model performs inferior when it

comes to predicting periods of currency crises. Only 7 percent (5 of 69) are antic-

ipated by the model. This poor performance is ameliorated to some extent, when

changing the cut-o� value from 50 to a less stringent 25 percent as implemented by

Berg and Pattillo (1998, p. 38). In this case, 25 percent (17 of 69) of all crisis are

correctly anticipated, albeit the performance for the tranquil periods deteriorates

marginally.44

43This rationale follows the logic that one would predict a crisis if the model says a crisis is more
likely than no crisis.

44The reason for this poor performance probably lies in the very nature of the probit model
technique itself. Obviously, Frankel and Rose's (1996) sample is highly unbalanced, as they report
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Berg and Pattillo (1998, pp. 40-41) attempt to further enhance the performance

of Frankel and Rose's (1996) original model. Apart from slightly changing the sam-

ple size (e.g. dropping small island countries) and making use of updated data, they

eliminate the insigni�cant ratio of reserves to imports from the estimation. Instead,

they employ the ratios of reserves to short-term debt and reserves to M2. Both ra-

tios are found to be signi�cant leading indicators of a currency crisis when employed

separately in the regression. When both reserve ratios are included, only reserves

to M2 is a signi�cant predictor. This result clearly supports Calvo's (1995) afore-

mentioned argument favoring this indicator over the traditional ratio of reserves to

imports. Thus a rise in the ratio reserves to M2 signi�cantly decreases the probabil-

ity of a currency crisis. Furthermore, Berg and Pattillo (1998, p. 40) add a variable

approximating the degree of openness of an economy to the regression by measuring

the share of exports and imports as a share of GDP. From their regression results

can be inferred that more open economies are signi�cantly less likely to succumb to

a currency crisis. Hence, the degree of openness as de�ned here is another leading

indicator of currency crises.

The results presented so far apply merely to the 1970 to 1992 period. Berg

and Pattillo (1998, pp. 42-45) also attempt to use Frankel and Rose's (1996) model

to predict the Asian crisis of 1997 in an out-of-sample manner. The major hurdle

encountered is the unavailability of data. As said before, all data are annual and

most of them have a time lag of about 2 years. So, Berg and Pattillo (1998, pp. 42-45)

employ estimates and a much smaller sample of 44 countries in order to estimate the

predictive probabilities of crisis. However, I will refrain from reporting their results

in detail, because the forecasted probabilities of crisis are not correlated with the

actual occurrence of crisis. Hence, Frankel and Rose's (1996) probit model largely

fails to provide useful out-of-sample forecasts for the Asian crisis.

Concluding the analysis of Frankel and Rose's (1996) empirical work, a summary

of the major �ndings is in order. Despite the fact that their model as a whole does not

seem to have a high explanatory power for the occurrence of currency crises, several

positive insights regarding the variables included in their model are gained. Based

on the results of Subsection 2.4, I �nd that �ve indicators that were suggested by

780 observation including only 69 crisis episodes. Hence, the average predicted probability for a
crisis to occur is about 9 percent. As such, it requires an extreme con�guration of regressors to
produce an estimated probability of 50 percent. Therefore, a decrease of the threshold, as shown,
is able to augment the results for predicting crises. For further explanation of this particular
drawback of models with discrete dependent variables see Greene (1993, p. 652).
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the currency crisis literature are hereby veri�ed empirically to be leading indicators

of currency crises. The level of international reserves (e.g. measured as a ratio to

M2), an overvaluated real exchange rate, and the growth rate of domestic credit

were suggested by �rst generation models. The stock of public debt (e.g. measured

as a share of total debt) and the level of foreign interest rates were proposed to

be leading indicators by second generation models. In addition to these �ve early

warning indicators, the probit model analysis exposed in this subsection also �nd

the shares of concessional debt and FDI compared to the amount of total debt, and

the degree of openness of an economy (i.e. share of imports plus exports in GDP)

to be signi�cant leading indicators of currency crises. Of course, these �ndings are

mainly restricted to an in-sample analysis.

3.1.3 The Signals Approach

The approach described in the previous subsection estimated the one-step-ahead

probability of a currency crisis as a function of individual indicators in the framework

of a probit model. So, the likelihood of a currency crisis one-step-ahead is captured in

one number which can be immediately interpreted. According to Kaminsky, Lizondo

and Reinhart (1998, pp. 14-15), however, this methodology contains several serious

drawbacks. First, the indicators that enter the regression signi�cantly are not ranked

with respect to their individual e�ciency. That is, one does not know whether an

indicator calls a high proportion of crises correctly, while also emitting many false

alarms, or whether the indicator detects just a few crises, but does not send any false

warnings. Second, it is therefore impossible to make a qualitative statement about

an indicator in addition to the informative content of the probability of a currency

crisis. Suppose, that it would be possible to rank the indicators according to their

reliability and four indicators signal an impending crisis. In this case one would

draw starkly di�erent conclusions if the four most reliable indicators were ashing

as opposed to the four least reliable. Third, the probit method does also not provide

information about the degree of an individual indicator's deviation from its normal

level or rate. This impedes a swift assessment of the location and the severity of the
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underlying problems and makes preemptive policy actions more di�cult.

These limitations are eliminated in Kaminsky et al.'s (1998) signals approach

which I will present in this subsection. They monitor the evolution of 15 economic

and �nancial variables and compare the behavior of these variables to their \normal"

level. In case the deviation surpasses a certain threshold, an early warning signal of

an impending currency crisis is emitted. The sample comprises 76 currency crises

from 20 countries during 1970-95.45

Before any further exploration of their approach, some de�nitional work is in-

evitable. Hereafter, a currency crisis is de�ned to take place when an index con-

sisting of a weighted average of monthly percentage depreciations of the exchange

rate (vis-�a-vis the U.S. dollar or the deutsche mark) and monthly percentage de-

clines in reserves (measured in U.S. dollars) exceeds its mean by more than three

standard deviations. The weights of the two components are calculated so that

their variances are equal. Naturally, this measure generally fails in countries that

experienced periods of very high ination, the latter distorting the historic mean

and variance of currency depreciations. Therefore, Kaminsky et al. (1998, p. 16)

decided to compute weights (and the mean and standard deviation of the exchange

rate component of the index) separately for low and high ination periods. The

latter is de�ned as those months for which ination in the previous six months was

greater than 150 percent. Hence, di�erent levels of the index were used to identify

periods of currency crisis in each of the two subsamples.

We now turn to the 15 indicators employed by Kaminsky et al. (1998, pp. 16-

17). Since they are analyzing monthly data, several data categories that are available

only on an annual basis (e.g. the composition of debt from the previous subsection)

are shut out from the analysis from the start. Therefore, intuitive theoretical con-

siderations suggest a list of indicators that includes (1) international reserves (in

U.S. dollars), (2) imports (in U.S. dollars), (3) exports (in U.S. dollars), (4) the

terms of trade (unit value of exports over the unit value of imports), (5) percent-

age deviations of the real exchange rate from a deterministic time trend,46 (6) the

di�erential between foreign (U.S. and German) and domestic real interest rates on

45The sample includes 15 developing and 5 industrial countries, namely Argentina, Bolivia,
Brazil, Chile, Colombia, Denmark, Finland, Indonesia, Israel, Malaysia, Mexico, Norway, Peru,
the Philippines, Spain, Sweden, Thailand, Turkey, Uruguay, and Venezuela.

46The real exchange rate is de�ned on a bilateral basis with respect to the deutsche mark for
the European countries, and with respect to the U.S. dollar for the remaining countries.
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deposits,47 (7) \excess" real M1 balances, where excess is de�ned as the percentage

di�erence between actual M1 in real terms and an estimated demand for M1 which

is a function of real GDP, domestic ination, and a deterministic time trend, (8)

the money multiplier of M2, (9) the ratio of domestic credit to GDP, (10) the real

domestic interest rate as de�ned in (6), (11) the ratio of (nominal) lending rates to

deposits rates, (12) the nominal stock of commercial bank deposits, (13) the growth

rate of the ratio of broad money to gross international reserves, (14) an index of

output, and (15) an index of equity prices (in U.S. dollars). For all these variables

{ except (5)-(7), (10), and (11) { the indicator in a particular month is de�ned as

the percentage change in the level of the variable compared with its level one year

earlier, thereby erasing any seasonal e�ects.

As stated above, an indicator issues a signal whenever it exceeds a given

threshold. Choosing the appropriate threshold is a delicate task, as this decision

has a considerable impact on the overall success of the signals technique. If the

threshold is chosen too low, a signal is emitted already for very low possibilities

of a crisis. Thus many false alarms would be the consequence. If, on the other

hand, the threshold is set too high, many crises certainly would be missed. Hence,

for each indicator the threshold has to be de�ned as the point where these two

disadvantages are balanced out. While attempting to even out these two sides of

a scale, Kaminsky et al. (1998, pp. 17-18) use the following procedure. One can

depict the performance of each indicator in terms of the following matrix, where the

cell A contains the number of months in which the indicator issued a good signal,

that is, a crisis followed the signal within 24 months. Conversely, the number of

months in which the indicator issued a bad signal (or \noise") in the sense that

no crisis followed the signal within 24 months, pertains to cell B. In cell C one

�nds the number of months in which the indicator failed to emit a signal which

would have been a good one, and D is the number of months in which the indicator

remained silent and no crisis ensued within 24 months.

Crisis No crisis

(within 24 months) (within 24 months)

Signal was issued A B

No signal was issued C D

47The monthly real interest rates are given in percentage points and deated by consumer prices.
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Now, for each indicator the authors �nd the optimal threshold at the point where

the noise-to-signal ratio, de�ned as [B/(B+D)]/[A/(A+C)], is minimized.

The actual optimal thresholds that minimize the noise-to-signal ratio are calcu-

lated in terms of percentiles of each country's distribution for the particular variable

in question. Assume, for example, that the optimal threshold for a certain indicator

is 85. This implies that a signal is issued whenever the indicator is within the top 15

percent of the observations for that country. In order to ensure comparability across

the 20 countries in the sample, the threshold in terms of percentiles has to be held

constant, i.e. it is the same for all countries.48 However, the corresponding country-

speci�c threshold value of the underlying variable associated with the percentile will

of course di�er across countries. Also, it should be clear that the threshold is below

their means for some variables (e.g. international reserves) whereas above for others

(e.g. M2 multiplier), depending on whether an increase or decrease of the variable

causes the probability of a currency crisis to rise.

Equipped with these de�nitions it is now possible to describe the performance of

each indicator as shown in Table 6, which is based on Kaminsky et al. (1998, p. 20).

The �rst column shows the number of crises for which there were data available.

Especially variables based on (real) interest rates reveal a far below average degree of

availability. This may be due to the fact that government intervention in developing

countries often suppressed market-based interest rates. The second column reveals

the percentage of crises correctly called by a single indicator. A correct call is de�ned

as stated earlier, that is, the indicator has to give at least one signal during the 24

months leading up to a crisis. Whether more than one signal is emitted during

that period is irrelevant. The correct calls are stated as a percentage of the total

number of crises for which data on the particular indicator was available. It can be

inferred that virtually all indicators correctly called at least half of the crises in their

respective subsamples. On average, the indicators called 70 percent of the crises.

Of course these numbers are uninformative as long as nothing is said on

the amount of false signals. This is done in column 3. In order to obtain the

noise-to-signal ratio as given in column 3, one needs to compute the number of good

signals as a proportion of the number of months where a good signal could have

been issued, i.e. A/(A+C) in the above matrix, and the number of false signals as

a proportion of the number of months where a false signal could have been issued,

48See Kaminsky and Reinhart (1999, p. 489) for the particular percentile thresholds pertaining
to each of the variables.
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i.e. B/(B+D) in the above matrix. It is the noise-to-signal ratio that determines the

e�ciency of a particular indicator, therefore, the indicators are ranked according

to this characteristic. The lower the ratio, the better is the indicator. An indicator

having a ratio equal to one or greater than one is uninformative, because noise is

precisely outweighing the signals, respectively even exceeding the number of signals.

Hence, following this criterion, the last four indicators displayed in Table 6 should

be dropped. They contain no predictive power and thus will not be useful as an

early indicator for currency crises.

Table 6. Performance of Indicators in the Signals Approach.

Number of

crises for Percentage Noise/ P(crisis/

which there of crises signal P(crisis/ signal)

are data called (adjusted) signal) -P(crisis)

(1) (2) (3) (4) (5)

In terms of the matrix [B/(B+D)]/

in the text [A/(A+C)] A/(A+B)

Real Exchange Rate 72 57 0.19 67 39

Exports 72 85 0.42 49 20

Equity Prices 53 64 0.47 49 18

M2/International Reserves 70 80 0.48 46 17

Output 57 77 0.52 49 16

Excess M1 Balances 66 61 0.52 43 15

International Reserves 72 75 0.55 41 13

M2 Multiplier 70 73 0.61 40 11

Domestic Credit/GDP 62 56 0.62 39 11

Real Interest Rate 44 89 0.77 34 6

Terms of Trade 58 79 0.77 36 6

Real Interest Rate Di�er. 42 86 0.99 39 0

Imports 71 54 1.16 26 -3

Bank Deposits 69 49 1.20 25 -4

Lending Rate/Deposit Rate 33 67 1.69 18 -9

A second way to interpret Table 6 regarding the noisiness of the indicators is

given in columns 4 and 5. Column 4 contains the probability of a crisis conditional

on a signal from an indicator, which is A/(A+B) in terms of the above matrix.

This means that, for instance, if the real exchange rate indicator issued a signal, the

probability that a crisis ensued within the following 24 months equals 67 percent.



The E�ciency of Early Warning Indicators for Financial Crises 45

Column 5 deducts from this number the unconditional probability of a crisis which

simply is computed as the number of crises divided by the sum of observations, in

terms of the matrix (A+C)/(A+B+C+D).49 An indicator exhibits predictive power

when the conditional probability is greater than the unconditional probability of a

crisis. Note that the indicators' ranking remains unaltered, because column 5 is a

linear transformation of the noise-to-signal ratio.

From Table 6 emerges that the deviation of the real exchange rate from its trend,

the level of exports and stock prices, and the ratio of M2 to international reserves,

are the most e�cient indicators of the eleven deemed to be informative. However,

the table does not inform about two other desirable characteristics (besides a low

noise-to-signal ratio) of early warning indicators, namely the lead time and the

persistence of signals. Hence, Kaminsky et al. (1998, pp. 21-23) also investigate

the indicators with respect to these two features. From a policy-maker's point of

view, a long lead time is desirable as it provides ample time for corrective actions

in order to forestall the impending crisis. Furthermore, it would be advantageous,

if an indicator's signals were ashing more often within the 24-month window than

otherwise. The indicators' performance according to lead time and persistence can

be inferred from Table 7 which is based on the results of Kaminsky et al. (1998,

pp. 22-23). I ranked the indicators with respect to lead time, as the persistence is

computed as the inverse of the noise-to-signal ratio. Moreover, I excluded the four

indicators deemed uninformative in the preceding analysis.

Table 7 reveals that the latest signal of all indicators is issued by the domestic

credit to GDP ratio as early as twelve months before a crisis. The average lead

time of the indicators is 15 months. Thus it can be claimed that the indicators that

possess predictive power also have an adequate lead time, thereby permitting timely

preemptive actions. The second column of Table 7 merely repeats the insights al-

ready gained from the noise-to-signal ratio. Clearly, the real exchange rate indicator

emerges as the superior indicator for it is sending early warning signals during the

24-months run-up to a crisis approximately �ve times more often than in tranquil

times and as early as 17 months before the crisis.

In a related study by Kaminsky and Reinhart (1999) on the interactions between

currency and banking crises it is found that banking crises also constitute a leading

49Note that the unconditional probability of a crisis varies across the indicators, because not
all of them have observations for the same period as stated by Kaminsky and Reinhart (1998,
p. 20). Therefore, the sum of observations is di�erent for each indicator and thus the unconditional
probability di�ers accordingly.
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indicator of currency crises. Kaminsky and Reinhart (1999, p. 479) employ the same

sample as presented in this subsection and report that the probability of a currency

crisis conditional on the beginning of a banking crisis is 46 percent.50 That is, after

the beginning of 100 banking crisis, 46 cases are further aggravated by a currency

crisis ensuing within the following 24 months. This number is signi�cantly higher

than the unconditional probability of only 29 percent. Hence, banking crises are

signi�cant predictors of currency crises. Incidentally, the inverse relation is not as

strong with an conditional probability of only 8 percent.

Table 7. Average Lead Time and Persistence of Signals.

Number of months prior to Persistence during crises

Indicator crisis the �rst signal occurs relative to tranquil times

Real Exchange Rate 17 5.14

Real Interest Rate 17 1.30

M2 Multiplier 16 1.64

Output 16 1.93

Excess M1 Balances 15 1.92

Exports 15 2.37

Terms of Trade 15 1.29

International Reserves 15 1.82

Equity Prices 14 2.15

M2/International Reserves 13 2.07

Domestic Credit/GDP 12 1.62

Before giving a concluding assessment of the signals approach, I would like to

report on the �ndings of Berg and Pattillo (1999) who employ Kaminsky et al.'s

(1998) signals approach for an out-of-sample prediction of the Asian crisis. For

this purpose Berg and Pattillo (1999, pp. 565-567) �rst produce a re-run of the

original in-sample speci�cation with updated data and two modi�cations. First,

they drop the �ve European countries and include instead eight other emerging

market economies.51 Furthermore, they test two additional candidate indicators,

50Kaminsky and Reinhart (1999, p. 476) identify a banking crisis either by the occurrence of
bank runs that lead to a closure, merging, or takeover by the public sector of one or more �nancial
institutions, or by a string of closures, mergers, takeovers, or large government assistance of an
important �nancial institution in the absence of bank runs.

51The following countries were added: India, Jordan, Korea, Pakistan, South Africa, Sri Lanka,
Taiwan Province of China, and Zimbabwe.
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namely the level of the ratio M2 to international reserves, and the ratio of the

current account to GDP.52 Both new indicators are found to be informative with

an (adjusted) noise-to-signal ratio of 0.45 for the current account to GDP ratio and

0.42 for the M2 to reserves (level) variable. In general, Berg and Pattillo's (1999,

p. 566) results do not di�er starkly from the original results stated above. Thus the

following nine indicators are found to be informative based on their noise-to-signal

ratios. The rates of change of the real exchange rate, the M2/international reserves

ratio, the exports, the international reserves, the excess M1 balances, the domestic

credit/GDP ratio, and the levels of the real interest rate, the current account/GDP

ratio, and the M2/reserves ratio. Five of these nine indicators were also suggested

by theory as can be inferred from Table 1 in this work.

In spite of the good in-sample performance of the nine indicators, they largely

fail to predict the Asian �nancial crisis of 1997 out-of-sample. Berg and Pattillo

(1999, p. 575), having examined the performance of each indicator throughout 1996

for Indonesia, Korea, Malaysia, Thailand, and the non-crisis countries Philippines,

Argentina, Brazil, and Mexico, report the failure of the collection of indicators to

predict the crisis ensuing just one year later. For example, no single indicator was

ashing in all of the four crisis countries simultaneously, thus alluding to country-

speci�c causes of the crisis.

It appears to be di�cult to measure the probability of a crisis using a collection

of indicators. Therefore, e�orts are made to incorporate the information of a variety

of indicators within one particular number, a so-called composite indicator. This

will be the subject of the following paragraphs.

52Berg and Pattillo (1998, p.13) measure the current account as a moving average of the previous
four quarters. In order to produce the ratio, they use interpolated monthly GDP series to obtain
the moving average of GDP.
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3.2 Composite Leading Indicators for Financial Crises

So far, I only considered single indicators and their predictive power. There ex-

ists, however, the option of bundling the signals of various indicators in one single

number. This brief passage is therefore mainly based on Kaminsky (1998) who in-

vestigates the possibility of combining various individual indicators in order to form

a composite leading indicator of �nancial (i.e. currency and banking) crises.53 This

allows for explicitly calculating the probability of crisis in individual countries. Her

approach can be seen as a straightforward extension of Kaminsky, Lizondo and

Reinhart's (1998) signal approach which was outlined in the previous subsection.

Kaminsky (1998, pp. 16-17) describes four ways of assembling a composite lead-

ing indicator. The �rst alternative consists of simply adding up the number of

signals issued by a variety of indicators, assuming that the degree of an economy's

vulnerability increases as the number of red lights ashing goes up. Suppose, X is

a vector of n indicators, then in any period there can be between zero and n sig-

nals. A signal is issued (S
j

t = 1) whenever a variable j(X
j

t ) crosses its threshold.

Otherwise, S
j

t = 0 and no signal is issued. The threshold can be assumed to be of

the nature as laid out in the previous subsection. Thus, the �rst composite indicator

I1
t

is de�ned as follows

I1
t
=

nX
j=1

S
j

t : (1)

This composite indicator does not discriminate between mild and extreme signals

emitted by individual indicators. However, this is clearly a desirable feature of an

early warning indicator, as the degree of vulnerability should rise with an increasing

deviation of a single indicator. Put differently, it does matter whether the real

exchange rate has appreciated by 10 percent or 50 percent. Therefore, it is useful to

de�ne a lower threshold for mild signals, X
j

m
, and a higher threshold for extreme

signals, X
j

e
, for each variable. Thus, X

j

t issues a mild signal in period t ,

SM
j

t = 1 , when jX
j

m
j < jX

j

t j < jX
j

e
j . An extreme signal, SE

j

t = 1 , is emitted

when jX
j

e
j < jX

j

t j . Hence, the second composite indicator, which is accounting for

53She considers 20 individual indicators in her analysis, including the 15 used in Kaminsky,
Lizondo and Reinhart (1998). The additional variables comprise the world real interest rate, the
stock of foreign debt, capital outows, the amount of short-term debt, and a dummy variable for
domestic and external �nancial liberalization.
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the intensity of signals from the individual indicators, takes the following form

I2
t
=

nX
j=1

(SM
j

t + 2 � SE
j

t ) : (2)

In this particular speci�cation, extreme signals are arbitrarily assigned twice the

weight of a mild signal. Depending on a policy maker's objective function the

weight could be altered accordingly.

But, also this second composite indicator is far from being perfect. At the end

of the previous subsection, I alluded to a signi�cant drawback of the signals ap-

proach. Apparently, the signals approach is not able to forecast the Asian crisis

out-of-sample. A major problem in this respect was that there were no uniform sig-

nals across all four crisis countries. Furthermore, no signi�cant number of different

indicators issued a warning at the same time in one of the countries. This clearly

understated the mounting problems. Along the lines of Kaminsky (1998, p. 17),

the reason for this may lie in the very nature of an on-going deterioration in fun-

damentals. Let's assume output shrinks one month, the stock market collapses the

following month, the international reserves are depleted within another month, and

still one month later exports decline substantially. Being aware of this chain of

events, we know about the true multiplicity of economic disarray, but the signals

approach would inform us merely about the decline in exports when considering the

last month of observation. The third composite indicator attempts to capture the

process of deterioration in economic fundamentals. It is de�ned as

I3
t
=

nX
j=1

S
j

t s;t ; (3)

where S
j

t s;t is equal to one if variable j signals at least once in period t or in

the previous s periods. S
j

t s;t is zero, otherwise. Here, the \memory" s of the

composite indicator can be chosen according to a policy-maker's preferences.

So far, none of the composite indicators took advantage of the most important

property of the indicators from the signals approach, that is, their noise-to-signal

ratio. Therefore, Kaminsky (1998, p. 17) integrates the inverse of the noise-to-signal

ratio in the fourth composite indicator which is de�ned as follows

I4
t
=

nX
j=1

S
j

t

!j
: (4)

In (4), the different signals of different variables are weighted by the inverse of their

noise-to-signal ratio !j , thereby accounting for their individual forecasting ability.

The noise-to-signal ratio was derived in the previous subsection.
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These four composite indicators are now being used to generate conditional prob-

abilities for both currency and banking crises. The probabilities are conditional, be-

cause they depend on the value of the composite indicator they are based on. The

idea is to obtain a percentage number which indicates the country-speci�c proba-

bility for the occurrence of a currency and banking crisis in a given month. The

general form of the probability forecasts P k

t
with k = 1; 2; 3; 4 (referring to the

four composite indicators) is described as follows

P (Ct;t+hjI
k

i
< Ik

t
< Ik

j
) =

Months with Ik
i
< Ik

t
< Ik

j
and a crisis within h months

Months with Ik
i
< Ik

t
< Ik

j

;

where P denotes probability and Ct;t+h is the occurrence of a crisis in the interval

ft; t+hg . In line with the previous signals approach, h is chosen to be 24 months.

Summarizing Kaminsky's (1998, pp. 19-25) �ndings, one can say that accuracy

tests54 of the four composite indicators found that these generally outperform the

best single leading indicator, which is the real exchange rate as Kaminsky (1998,

p. 20) emphasizes, thereby con�rming the results of the previous subsection, when

it comes to crises prediction. However, the real exchange rate is a superior predictor

for tranquil times. Overall, according to the accuracy tests, the fourth composite

indicator who accounts for the forecasting accuracy of the single indicators (in terms

of the inverse of the noise-to-signal ratio) turns out to be the most accurate of the

four. These results apply to both in-sample and out-of-sample predictions (i.e. for

the Asian crisis of 1997/98) of currency and banking crises. Kaminsky's (1998, p. 34)

conditional probabilities generated by the fourth composite indicator are reported

in Table 8.

It can be inferred from Table 8 that the likelihood of a currency crisis increases

sharply as the number of signals on the economy's vulnerability rises. For an

indicator value equal to 15 or greater, the probability of a currency crisis is nearly

100 percent. On the other hand, it seems to be more dif�cult for the fourth

composite indicator to predict banking crises, since the conditional probability for

a banking crisis rises only up to approximately 40 percent.

54The particular methods employed for each composite indicator are the quadratic probability
score (QPS) and the log probability score (LPS) who measure the average closeness of predicted
probabilities and observed realizations of �nancial crises. Moreover, the calibration of the probabil-
ity forecasts is evaluated by the global squared bias (GSB) who measures the closeness of forecast
probabilities and observed relative frequencies. For an overview of these methods see Diebold and
Lopez (1996, pp. 29-32).
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Table 8. Conditional Probabilities of Financial Crises.

Value of Comp. Probability of Probability of

Indicator 4 Currency Crisis Banking Crisis

0-1 0.10 0.03

1-2 0.22 0.05

2-3 0.18 0.06

3-4 0.21 0.09

4-5 0.27 0.12

5-7 0.33 0.13

7-9 0.46 0.16

9-12 0.65 0.27

12-15 0.74 0.37

>15 0.96 0.37

Kaminsky (1998, pp. 39-40) constructs monthly time-series of these conditional

probabilities for the 20 countries in the sample, but she does not report on their

particular values. Instead, she plots these time series across the sample period

and compares them with the actual crisis dates. The major �nding of the ensuing

analysis is that the majority of �nancial crises is preceded by fragile economies. This

argument rests on the observation that the average probability for a currency crisis

to occur more than duplicates on the eve of the crisis (within the 24-month window)

from its average value in tranquil times (from 19 to 39). The same holds for banking

crises. The average probability for a banking crisis to arise surges from 8 percent in

tranquil times to 17 percent in the run-up to a banking crisis. Admittedly, there are

scattered case of �nancial crises which seem to happen without a prior worsening

of macroeconomic fundamentals (e.g. Argentina in the late 1980s and early 1990s),

but Kaminsky (1998, p. 21) argues that those crises can be linked to hyperination

and a subsequent deterioration of the �scal budget de�cit.

At this point, one must wonder why the author did not include indicators measur-

ing domestic ination and the budget de�cit in her analysis. Following her results,

an even superior explanatory power of the composite indicators could have been

reached. In this respect, her approach surely requires some mending. Furthermore,

I think it is inappropriate that single indicators that were deemed uninformative

based on their noise-to-signal ratios by Kaminsky, Lizondo and Reinhart (1998) are

nevertheless included in the present analysis. After all, Kaminsky (1998) does not
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report on their exclusion from the composite indicators.

In spite of this criticism, it has to be acknowledged that the fourth indicator

works considerably well in the out-of-sample prediction of crisis probabilities in Asia

in 1997. Kaminsky (1998, p. 23) mentions that in Thailand and the Philippines the

probabilities of a currency crisis to occur rose from 20 percent in 1995 to about 100

and 80 percent, respectively, two years later. Also, the probability of banking crisis

shoots up in the case of Thailand from 5 percent in 1995 to close to 40 percent in

1996, whereas this development is less pronounced in the Philippines. For Malaysia,

the composite indicators also reveal an increased economic fragility in 1997. In fact,

the probabilities of currency and banking crises rise by a factor of seven during

the 1996-97 period to 70 percent and 30 percent respectively. However, the crisis of

Indonesia was largely unforeseen by the composite indicator. This may be due to the

fact that next to economic factors, political uncertainties and contagion contributed

massively to the Indonesian meltdown.

Concluding, it can be stated that the risk of �nancial crisis increases considerably

as economic fundamentals deteriorate. Therefore, early warning indicators, espe-

cially composite indicators, that monitor economic fundamentals may be effective

in predicting future �nancial crises. Despite some criticism, the �ndings of these

paragraphs permit an optimistic evaluation of the chances of preempting impending

future �nancial crises with the help of either a collection of individual indicators or

composite indicators.
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4 A Critique of Early Warning Indicators Used

in Practice

In the preceding sections of this work, I examined the theoretical foundations and

the empirical evidence of early warning indicators for �nancial crises. From the

�ndings of the various empirical studies, one can infer that many single indicators

are indeed e�cient and leading in predicting �nancial crises. A summary of these

indicators can be found in Table 9.

Table 9. Leading Indicators as Suggested by Empirical Studies.

Sachs et al. (1996) Frankel and Rose (1996) Kaminsky et al. (1998)

� Real Exchange Rate � Real Exchange Rate � Real Exchange Rate

� M2/Reserves � M2/Reserves � M2/Reserves

� Domestic Credit Growth � Domestic Credit Growth � Domestic Credit Growth

� Political Variables � Concessional Share of Debt � Exports

(election dates, volatility � FDI/Total Debt � Excess M1 Balances

of election results) � Stock of Public Debt � Real Interest Rate

� Foreign Interest Rates � Current Account/GDP

� Dummy for Openess � Dummy for Banking

([Exports+Imports]/GDP) Crisis

Unfortunately, this encouraging statement is largely based on the single indica-

tors' in-sample performance. Every empirical approach outlined in this work (apart

from the composite indicator) had great di�culties foretelling the Asian meltdown

in 1997 out-of-sample. That is, if we had been using any of those techniques in 1996

and the data available at that time, we would have failed to predict the Asian crisis.

This may be due to several reasons. First, outright lack of timely and adequate

data (e.g. on the composition of debt, drains on the central bank's reserves) surely

hampered a prediction of the crisis. Furthermore, the crises in Thailand, Korea,

Malaysia, and Indonesia, were di�erent in their nature and origins, despite some

similarities in their symptoms. This made it very di�cult to detect the impending

crises with a set of rather general indicators.55

55This point is questioned by Salvatore (1999) who argues that a set of eight, easily available,
indicators is able to predict the Mexican crisis (1994/95) and the Asian crisis (1997/98). His indica-
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Keeping in mind the previous results, it is this section's task to investigate the use

of early warning indicators in practice. That is, I will attempt to answer the question

whether international institutions systematically monitor economic fundamentals in

order to preempt the occurrence of �nancial crises. Of course, the monitoring should

occur with a high frequency (ideally monthly) in order to satisfy the goal. In case

they do, I should be able to assess the e�ciency of the indicators monitored, in light

of the results obtained earlier.56

In general, it can be said that virtually no progress has been made towards an

outright system of early warning indicators for �nancial crises in the aftermath

of the Asian crisis. I understand an early warning system in this context to emit

high frequency signals, i.e. giving a monthly assessment of a country's degree of

vulnerability. Furthermore, these signals should be based on data that are not older

than one month. Otherwise, the time lag does not permit a sound evaluation of the

probability of crisis. Clearly, these demanding requirements and the lack of (high

quality and frequency) data, especially from emerging market economies, render

the construction of such a system on a global level nearly infeasible. But neverthe-

less, some modest e�orts are made as I will demonstrate with the following examples.

tors include savings rate, budget de�cit, current account de�cit, total debt/GDP ratio, short-term
debt/GDP ratio, foreign direct investment/GDP ratio, service on foreign debt/export earnings
ratio, and international reserves/imports ratio. These ad hoc indicators, however, meet the same
problem that also arose in the signals approach, namely the issue of thresholds. Salvatore (1999,
p. 345) argues that most of the �ve East Asian emerging market economies in 1996 faced values of
at least four indicators that suggested an impending crisis. But, this result is clearly based on his
somewhat arbitrary thresholds for the individual indicators. Clearly, the choice of the appropriate
thresholds is never free of dispute, as, for example, each country may have a di�erent point where
its current account de�cit �nally becomes unsustainable.

56Parts of this section's �ndings are based on a project I completed during an internship with the
Development Research and Policy Analysis Division at the United Nations Economic and Social
Commission for Asia and the Paci�c (ESCAP), Bangkok, in Fall 1999. Therefore, the analysis of
the di�erent early warning mechanisms is implemented with a special focus on the ESCAP region
which comprises some of the currently most important emerging market economies and many devel-
oping countries. Hence, the development of an early warning system for �nancial crises is of special
interest to this region. The term \ESCAP region" is used in this work to include Afghanistan,
American Samoa, Armenia, Australia, Azerbaijan, Bangladesh, Bhutan, Brunei Darussalam, Cam-
bodia, China, Cook Islands, Democratic People's Republic of Korea, Fiji, French Polynesia, Guam,
Hong Kong (China), India, Indonesia, Iran, Japan, Kazakhstan, Kiribati, Kyrgyzstan, Lao Peo-
ple's Democratic Republic, Macau, Malaysia, Maldives, Marshall Islands, Micronesia, Mongolia,
Myanmar, Nauru, Nepal, New Caledonia, New Zealand, Niue, Northern Mariana Islands, Pakistan,
Palau, Papua New Guinea, Philippines, Republic of Korea, Russian Federation, Samoa, Singapore,
Solomon Islands, Sri Lanka, Tajikistan, Thailand, Tonga, Turkey, Turkmenistan, Tuvalu, Uzbek-
istan, Vanuatu, and Viet Nam.
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The International Monetary Fund

The International Monetary Fund (IMF) would probably be most predetermined to

assume this task, but apart from issuing low-frequency country reports and annual

economic reports, the IMF does not monitor or publish data on country's economic

fundamentals on a regular and high-frequency basis (e.g. monthly) in order to fore-

stall future �nancial crises. This seems understandable, since the cost of such a

system would be tremendous and (mostly) poor data quality would signi�cantly

curtail its predictive capabilities.57 Therefore, the IMF focuses its e�orts on estab-

lishing and improving the quality and standard of data collection systems, especially

in developing countries. This aim is furthered by a two-tiered program as can be

inferred from the IMF's website.58

On March 29, 1996, the IMF Executive Board approved the establishment of

the Special Data Dissemination Standard (SDDS), which aims at guiding members

that have, or might seek, access to international capital markets in the provision of

their economic and �nancial data to the public. The General Data Dissemination

System (GDDS), established on December 19, 1997, addresses all member countries,

as it is less prescriptive than the SDDS. In this work, I will refrain from describing

the GDDS in further detail, because its relevance for the development of an early

warning system for �nancial crises is severely limited. Both, SDDS and GDDS

are expected to enhance the availability of timely and comprehensive statistics and

therefore contribute to the pursuit of sound macroeconomic policies. This applies

especially to the emerging market economies, as they seem to be most vulnerable to

the sudden swings inherent to global capital ows. These swings may be mitigated

if not avoided by providing extensive accurate and timely economic and �nancial

data. Data of higher quality and frequency would also provide policy-makers with

early signals about the state of the economy and the �nancial sector, allowing them

to detect and avert increasing instabilities.

The SDDS is a standard for disseminating information. The IMF prescribes

standards concerning (1) the data in terms of coverage, periodicity, and timeliness,

(2) the access by the public, (3) the integrity of the disseminated data, and (4) the

quality of the disseminated data. The IMF is monitoring the implementation of

57It is even conceivable that a malfunctioning early warning system precipitates the very �nancial
crises it intends to prevent when widely published inaccurate data inuences investors' behavior.

58Information on the IMF's e�orts to improve standards for �nancial and economic data can be
found at <http://dsbb.imf.org/>.
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this standard in the 47 countries that subscribed so far to the SDDS. It should be

clear that the IMF is not surveilling the reported data, but only the way the data

are reported. Under the SDDS, the IMF is prescribing dissemination standards (in

particular periodicity and timeliness of the data) for 17 data categories that provide

coverage for the four sectors of the economy (real, �nancial, �scal, and external).

These categories can be found in Table 10.59

Table 10 also shows the extent to which the eleven subscribing ESCAP members

comply with the Fund's periodicity and timeliness requirements for the 17 data

categories (here: excluding population) as of September 1999. It is striking that

each country does not comply with the periodicity and timeliness requirements set

up by the IMF in at least three data categories, with the exception of the Republic

of Korea. Even the developed countries in the region, namely Australia and Japan,

reveal a compliance rate of only 69 percent (11 out of 16). Overall compliance is

especially low concerning data of the �scal sector. Furthermore, so far only Australia

is able to report data on its international investment position, a data category which

is very important for assessing a country's external exposure.

The IMF publishes information about each subscriber's data collecting and dis-

semination practices { the so-called metadata { on its website, after a review for

comprehensiveness and international comparability. However, the IMF simply col-

lects information delivered by the subscribers. Hence, the subscriber alone is re-

sponsible for the accuracy of the metadata and the actual economic and �nancial

data. The latter cannot be found on the Fund's website, but can only be retrieved

through the respective national publications. To this date, only 17 countries provide

\hyperlinks" to their actual national data.60

Recent e�orts to improve the SDDS consisted mainly of making hyperlinks to

national data webpages a mandatory feature of the SDDS. This may prove being

useful, as it will be possible to access relevant data within a short period of time.

Hence, the creation of signi�cant information asymmetries between countries and

investors may be decreased, which in turn will reduce the volatility of short-term

capital ows. Besides, the IMF is encouraging SDDS subscribers to collect and

release data on forward-looking indicators (e.g. business surveys, orders), debt ser-

vice projections, foreign direct investment, and portfolio investment. These are very

59A detailed description and de�nition of the data categories can be inferred from the aforemen-
tioned SDDS webpage at the IMF.

60Regarding the ESCAP region, this merely applies to Hong Kong (China), Indonesia, Japan,
Singapore, Thailand, and Turkey.



The E�ciency of Early Warning Indicators for Financial Crises 57

important indicators and it is unfortunate that the IMF is merely encouraging the

dissemination of these crucial data instead of making it mandatory within a rea-

sonable time frame. After all, the IMF has considerable leverage over most of the

countries. According to IMF Executive Board's SDDS International Reserves Tem-

plate from March 23, 1999, SDDS subscribers are obliged to provide information on

the composition of reserve assets, other foreign assets held by the central bank and

government, short-term foreign liabilities, and related activities that can lead to a

drain of reserves (such as �nancial derivatives and government guarantees for pri-

vate borrowing). However, to this date only six subscribers are reporting these data,

none of them is an ESCAP member. This appears to be especially worrying, as the

case of Thailand in summer 1997 revealed the utmost importance of information on

net reserves. Back then, the Thai central bank had forward books on most of their

foreign exchange reserves. This sharply diminished the reserves that were actually

disposable for defending the baht. This fact was e�ectively concealed by reporting

only the amount of gross foreign exchange reserves.

Although the SDDS has no potential of serving as an early warning mechanism,

it may be of great indirect use, because it urges its subscribers to signi�cantly raise

their standards of data collecting and dissemination. These enhanced, more timely,

and more frequent data may feed through into a future construction of an early

warning system for �nancial crises.

However, the SDDS could be easily upgraded to an early warning system, if

more countries installed hyperlinks to their national data. However, this is merely

a long-term potential, as the appallingly low number of subscriptions (especially by

developing countries) and the meager degree of compliance by the 47 subscribers

would certainly prevent the mechanism from emitting the high quality and high

frequency signals needed by policy-makers and market participants to foresee and

forestall looming �nancial crises in the near future. In general, the IMF should

attempt to enforce subscribers' compliance with the SDDS more strictly, and should

minimize the extent to which exibility to depart from the standard is permitted.

With the SDDS, the IMF is focusing on variables that are mostly identi�ed

as reliable predictors of currency crises, at least in in-sample tests. Hence, IMF's

SDDS may serve as a solid foundation for any e�orts aiming at installing a (global)

system of early warning indicators.
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Joint BIS-IMF-OECD-World Bank Statistics on External Debt

In contrast to the IMF's contribution outlined above, this recent cooperation of

four of the most important international institutions does not only give recommen-

dations. In this framework, debt variables are actually collected, monitored, and

disseminated. According to OECD (1999), the quarterly Joint BIS-IMF-OECD-

World Bank statistics on external debt are the product of the Inter-Agency Task

Force on Finance Statistics endorsed by the United Nations Statistical Commission.

The new joint statistics on components of countries' external debt and international

reserve assets assemble data that were before compiled and published separately by

the contributing international agencies. The creation of the joint statistics facilitates

timely and frequent access by a broad range of users to a single data set.

The 14 data series collected and disseminated in the Joint BIS-IMF-OECD-

World Bank statistics on external debt can be divided into three categories, accord-

ing to OECD (1999). The �rst one contains data on the reporting countries' external

debt (all maturities) such as bank loans from industrial countries and the amount

of concessional or multilateral debt. The second category comprises series of data

on short-term debt (liabilities with an original maturity of one year or less). The

third category includes memorandum items such as bank liabilities and international

reserve assets of countries. The statistics consider both stock and ow �gures.

However, similar to other mechanisms of data collection and information ex-

change, the joint external debt statistics are lacking adequate periodicity and time-

liness. This can be explained by the mostly poor quality of the national data re-

porting. The data are mainly from creditor and market sources, but also include

information provided by the debtor countries themselves. Therefore, not all the

series are yet available on a quarterly basis. For example, to this date, the joint

statistics for Indonesia, which can be accessed from the OECD's website, report

only three categories out of 14 with a quarterly timeliness, the remaining are re-

ported with a six-month lag. Moreover, there exist some gaps in the coverage, as

admitted by OECD (1999). The most important gaps relate to (i) non-o�cially

guaranteed credit that is not channeled through banks, (ii) private placements of

debt securities, (iii) domestically issued debt held by non-residents, and (iv) deposits

of non-residents in domestic �nancial institutions. There is furthermore some over-

lapping coverage in the area of debt maturing within a year. As a result, individual

data do not necessarily add up to a comprehensive de�nition of total external debt.

Besides, the data on international reserve assets do not include potential drains on
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foreign exchange reserves such as forward books.

Despite these shortcomings, the Joint BIS-IMF-OECD-World Bank statistics on

external debt constitute an important mechanism for the exchange of information.

This is mainly due to the widespread coverage of these statistics. Among the

countries monitored are 87 percent (47 out of 54) of the countries of the ESCAP

region. This makes the joint statistics on external debt the most e�ective early

warning mechanism for the ESCAP countries (as well as for other regions of the

world), at least in terms of country coverage. Provided the enhancement of the

data's periodicity and timeliness, this system of indicators may become a very

valuable tool in forestalling future international �nancial crises. This can only be

emphasized in the context of this work. Remembering the importance of debt

composition as a determinant of �nancial crises, established in the empirical section

of this work, it can be stated that the joint debt statistics are de�nitely focusing

on crucial indicators. The joint debt statistics report on the shares of short-term,

concessional, and multilateral debt of total debt and reserve assets of countries.

These variables can be considered constituting leading indicators of �nancial crises,

as shown above.

Asian-Paci�c Economic Cooperation (APEC)

APEC is preparing annual Individual Economy Reports for its 21 members, 16 of

which are also ESCAP members.61 From APEC (1999) can be inferred that these

reports contain a brief analysis of the overall economic performance of the respective

country focusing on GDP, ination, employment, current account, exchange rate,

�scal policy, monetary policy, FDI, and medium-term outlook. However, the

reports currently accessible on the Internet show only annual �gures for all data

categories with the latest data being from 1997. Furthermore, all data published

in the reports are submitted by the individual member country, thereby making

it very di�cult to independently verify the accuracy of the data. Moreover, it is

not clear whether any process of peer review is actually following the publication

of the Individual Economy Reports. Based on these facts, the utility of APEC's

Individual Economy Reports as an early warning mechanism has to be assessed as

61The list of ESCAP countries who are member of APEC includes, Australia, Brunei Darussalam,
China, Hong Kong (China), Indonesia, Japan, Republic of Korea, Malaysia, New Zealand, Papua
New Guinea, Philippines, Russia, Singapore, Taiwan (Province of China), Thailand, and Viet Nam.
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being non-existent. This judgement is primarily based on the fact that obviously no

high-frequency signals are emitted from APEC's framework, albeit the list of vari-

ables covered in these reports is somewhat useful in light of the �ndings of this work.

Asian Development Bank (ADB)

The ADB prepares Country Economic Reviews for 41 countries, all of which are also

members of ESCAP. The reviews analyze recent economic developments, structural

reforms and policy issues, and short-term economic prospects. Unfortunately, as

of October 1999, only Indonesia's review is accessible on the web, which makes it

di�cult to assess the utility of ADB reviews. However, it appears that they do

not emit the high frequency and quality signals required for constituting an early

warning mechanism, because only annual aggregates are reported. Nevertheless,

there may be some use in these reviews in case they would form the basis of a

review and consultancy system in which the ADB assists countries in tackling any

increasing imbalances.

The annual data reported in Indonesia's review covers the period from 1992 until

1998 with forecast �gures for 1999. The key macroeconomic indicators collected

are income and growth, saving and investment, money and ination, government

�nance, balance of payments, and external payments (o�cial reserves, external

debt). This merely underlines the reviews' inability to serve as a meaningful

indicator mechanism, since important indicators, such as FDI, portfolio investment,

the composition of external debt, and net foreign exchange reserves are not reported.

Standard & Poor's Investors Service (S&P)

Prominent credit rating agencies such as S&P, Moody's Investors Service, and Fitch

IBCA exhibited an equally poor forecasting record as the IMF and other interna-

tional institutions in the case of the Asian crisis. The rating agencies largely failed

to predict the mounting problems in South-East Asia's banking and �nancial sectors

in the run-up to the crisis. The cause of this seems to lie not only in inadequate

data itself, but misinterpretation of data also played a signi�cantly role.62 In fact,

62Fitch IBCA admitted that \[w]e used to think that a high proportion of short-term debt was a
worry only with highly indebted sovereigns. We were wrong." (Financial Times, 14 January 1998).
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rating agencies did not seem to base their judgements on macroeconomic funda-

mentals at all. The following interesting observation is made by Yung Chul Park in

the oor discussion ensuing Wyplosz's (1998) contribution. He reports on Korea's

rating by Moody's and S&P. In January 1997, Moody's gave Korea a rating of A-1.

On 28 November 1997, it dropped to A-3 and ten days later it was BAA-2. After

another ten days it was BA-1. One has to wonder whether new fundamentals were

discovered within one week. S&P gave Korea AA{ in January 1997. On 24 October

1997 it was A+ and on 25 November 1997 it was A{. Ten days later it was BBB{

and another ten days later B+. What were the ratings based on? It seems like the

rating agencies were trying to anticipate market sentiment, instead of giving ratings

justi�ed by sound economic analysis.

Although, the poor performance of leading credit rating agencies in the past

is reason enough for being skeptical about their future capabilities, their inuence

was even increased to an almost quasi-o�cial standing in the revision of the Basle

Capital Adequacy Rules on 03 June 1999. According to the new rules, credit rating

agencies are being granted a dominant role in banks' internal credit risk evaluation

process. These developments justify a closer look at credit rating agencies' early

warning capabilities. As a suitable example, I chose S&P.

Currently, S&P has one mechanisms in place whose explicit goal it is to allow for

predictions about the likelihood of the occurrence of a �nancial crisis in a particular

country within the near future. Rating agencies interest in forecasting �nancial

crises is understandable, because these outlooks also determine a sovereign's credit

rating. For this purpose, S&P is speci�cally monitoring �nancial system stress in

numerous countries, as can be inferred from S&P (1999, p. 1). This survey on

�nancial system stress covers 62 countries, eleven of which can be found within

the ESCAP region.63 Basically, the survey tries to monitor the degree of leverage

within an economy. For this purpose, S&P is collecting and monitoring data on

(1) the corporate and household sectors' level of savings and, conversely, level of

indebtedness, (2) the level and rate of growth of credit to the private sector and

non-�nancial public sector companies, (3) the level and rate of increase of asset

prices, and (4) the level of and growth rate of the net external liabilities of �nancial

institutions. The data are compiled from IMF's Financial Statistics and national

authorities and in S&P (1999, pp. 23-39) they are reported on a yearly basis.

63These countries comprise China, Hong Kong (China), India, Indonesia, Malaysia, Philippines,
Republic of Korea, Singapore, Taiwan (Province of China), Thailand, and Turkey.
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When it comes to assessing the �nancial stress indicators' utility as an early

warning system, one surely has to name the low periodicity of the data as a major

drawback. More frequent data collection and dissemination on those doubtless im-

portant indicators is indispensable in order to generate timely warnings of impending

di�culties in the �nancial sector. Besides, the system is basically developed for in-

ternal use at S&P, therefore, it can be suspected that the information emitting from

this system is not generally accessible by market participants or governments.
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5 Conclusion

Charles P. Kindleberger's (1989, p. 16) notion that forces in society behave in repet-

itive ways, which opened this work, seizes the essence of my �ndings. From the

previous sections one could infer that there indeed exist individual indicators, as

well as composite aggregates thereof, that are able to explain and to foretell the

various �nancial crises of the last decades. This in turn means that �nancial crises

have been suf�ciently similar regarding their causes and symptoms in order to be

anticipated and characterized with the help of just a few basic economic indicators.

Hence, the economic phenomenon of �nancial crises seem to exhibit a repetitive

nature with re-occurring symptoms and can therefore be anticipated.

We saw that it is basically possible to evaluate a country's degree of vulnerability

to succumb to a major �nancial crisis well in advance of the actual meltdown, given

accurate and timely data. The various indicators which proved their ef�ciency in

empirical analyses are listed in Table 9 in the preceding section. This list, however,

is far from being complete. A comprehensive review of additional signi�cant leading

indicators of �nancial crises can be found in the appendix of Kaminsky et al.'s

(1998) work. This abundance of indicators also incurs a problem. Giving policy

recommendations becomes more dif�cult and choosing a set of appropriate early

warning indicators which should be monitored by the authorities becomes a hideous

task.

In general, it can be maintained that indicators that are too special will accu-

rately describe and predict only a small subset of �nancial crises. Furthermore, it is

clear that relatively special indicators, such as banks' balance sheet variables, pose

very high demands on data quality. Therefore, one should rather stick to widely

available indicators of economic fundamentals that are comparable across countries.

Indicators such as the rate of domestic credit growth, the ratio of M2 to international

reserves, the level and rate of change of the real exchange rate, the level of foreign

interest rates, and the health of the banking sector may be very useful for predicting

the occurrence of a currency crisis. Hardy and Pazarba�s�o�glu (1998, pp. 25-28) iden-

tify an almost identical set of macroeconomic indicators that are leading banking

crises.64 However, they also argue that country-speci�c circumstances must always

64Gonzalez-Hermosillo (1999, pp. 38-39) identi�es also leading microeconomic indicators for
banking crises, such as the ratio of non-performing loans to total assets and the ratio of the



The E�ciency of Early Warning Indicators for Financial Crises 65

be considered when giving an assessment of the crisis probability with in a certain

country. This is a good point, because it stresses the importance of comprehensive

information on a country's situation. In spite of this, large investment �rms and

hedge fonds are no longer willing to devote substantial resources to individual coun-

try analysis. They tend to discriminate between individual countries and instead

aggregate them to so-called \regional investments". This non-discriminatory behav-

ior of foreign (short-term) capital starkly increases an individual emerging market

country's vulnerability to sudden swings in capital ows, because countries with ba-

sically sound fundamentals are also fled by capital during a �nancial crises in that

particular region.

Two lessons emerge from this view. First, market participants must closely

monitor the economic fundamentals of individual countries in order to be able to

discriminate between countries with bad and good fundamentals in the case of a

pull-out.65 Second, countries themselves must collect and disseminate accurate and

timely data, especially on those variables identi�ed in this work which are leading

�nancial crises. Thus, surprises to �nancial markets may be avoided. Furthermore,

it is very important that emerging market authorities themselves closely monitor

the development of variables, such as domestic credit growth or asset prices, that

may precipitate a crisis situation. For this reason, it may turn out to be useful

to install supra-national, e.g. regional, frameworks that are able to monitor crucial

indicators. These frameworks should also involve a process of peer review, so that

countries can be enticed (e.g. by moral suasion of neighboring countries) to tackle

growing domestic problems.

Notwithstanding the availability of accurate and timely data, interpretation of

the data assumes an equally important role. If data is misinterpreted or its inter-

pretation ignored, the most sophisticated early warning system will surely fail.66

bank's capital to total assets.
65In case of the Asian crisis market participants did not seem to distinguish between single

countries even when all was well. This can be inferred from Rude (1998, p. 371) who interviewed
market participants in order to gain insights into the origins and mechanisms of the crisis. Before
the onset of the crisis, market participants tended to view Indonesia, Korea, Malaysia, and Thailand
as sparkling symbols of the \Asian miracle". However, after the meltdown, market sentiment
instantaneously reversed and those countries were exclusively associated with \crony capitalism"
and gross under-regulation of the �nancial sectors. Again, no distinction between each country's
individual fallacies was made.

66This was clearly the case in the run-up to the Asian crisis in 1997. Rude (1998, pp. 372-373)
underlines that market participants on average were well aware of the numerous problems in Asia
prior to the crisis. Knowledge was widespread about the degree of under-regulation of the �nancial
sectors, the existence of corruption and cronyism, the growing current account de�cits, and the
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There are, nevertheless, numerous other limitations to the idea of an effective

early warning system for �nancial crises. First, some of the large one-day stock mar-

ket swings occurring during a �nancial crises cannot be explained by any apparent

economic or political news. They seem to be driven by pure herd behavior of the

market itself. This result is obtained by Kaminsky and Schmuckler (1999, p. 558)

who analyze the movements of nine Asian stock markets during the January 1997

to May 1998 period. This means that herding behavior in �nancial markets may

render the information emitting from indicators of crisis vulnerability ineffective, be-

cause the information is simply ignored.67 Second, providing frequent signals about

the state of the economy may lead to precipitating the very crisis one intends to

prevent. One reason may be that the frequency is too high. An example is the

authorities' international reserve position. In case it is reported on a daily basis, the

market may be overwhelmed by the information, thereby leading to misinterpreta-

tion and probably to an increased market volatility. This is likely to hold foremost in

the case of sharp negative one-day movements. Another way in which the existence

of early warning indicators may accelerate the occurrence of a �nancial crisis, works

through policy endogeneity. Market participants may correctly anticipate national

authorities' actions in case an indicator crosses a certain threshold value. In this

case circularity arises and a crisis of self-ful�lling nature may erupt.

Third, the presence of moral hazard either on an international scale (e.g. implic-

itly guaranteed bail-out packages from the IMF) or on a national level (e.g. in the

form of explicit and implicit government guarantees) may also severely curtail the

ef�ciency of early warning indicators for �nancial crises. The moral hazard prob-

lem diminishes market participants' and governments' incentives to avoid a �nancial

crisis, because an external rescue is anticipated. Hence, signals of early warning in-

dicators would surely be ignored. Also, the existence of moral hazard is independent

of the fact whether those expectations are justi�ed or not. Edwards (1999, p. 16)

argues that moral hazard was present in the lead-up to the Asian crisis in 1997.

This holds especially for Korea.

Despite these limitations, the goal of preempting the occurrence of �nancial

crises and their tremendous economic and social costs, justi�es further efforts to

develop a system of useful early warning indicators. The �rst steps have already

been taken as laid out in this work. However, intensi�ed out-of-sample testing is

existence of speculative activities and booming short-term capital inows into the region.
67The point of erratic market behavior is further emphasized by Wyplosz (1998, p. 72).
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indispensable in order to improve individual indicators' ef�ciency. The encouraging

results obtained from in-sample evaluations are leading the way for further research.

Based on these results, I regard a system of ef�cient early warning indicators to be

an integral characteristic of an improved international �nancial architecture which

will be better suited to weather any future storms that may rage through the global

�nancial markets.
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Appendix

Derivation of the Gamma Distribution

The general form of the gamma distribution can be described as (see Jeske, 1999,

p. 322)

f(x) =
x��1��

�(�)
e��x 8x; �; � > 0

with E(X) =
�

�
, Var(X) =

�

�2
, and �(n) = (n� 1)! 8n 2 N . For x = � � t ,

� = r , and � = 2 we obtain

f(� � t) =
(� � t)2�1r2

�(2)
e�r(��t)

=
(� � t)r2

�(2)
e�r(��t) :

Because of �(2) = (2�1)! = 1 , Ozkan and Sutherland's (1995) form of the gamma

distribution

f(� � t) = r2(� � t)e�r(��t)

can be derived.
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