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Vulnerability Indicators of tfie Twin Crises: 
tfie East Asian Episode* 

Tito Belchior Silva Moreira" 

Resumo: Este artigo propõe um teste empírico com indicadores 
macroeconômicos, relativo aos setores bancário e externo no período 
pré-crise em 1996, para identificar grupos de países susceptíveis à crise do 
leste asiático em 1997-98. Neste contexto, nós estimamos escores de crise 
para uma amostra de 18 países com base em indicadores dos setores 
bancário e externo. Aplicamos análise de agrupamento aos escores de 
crise para estratificar os países em dois grupos homogêneos (mais vulne
ráveis e menos vulneráveis à crise). Os países mais vulneráveis à crise são 
Tailândia, Indonésia e Coréia. 

Palavras-chave: Crises gêmeas e crises do leste asiático 
JEL aassifícation: F30, F41 

1 Introduction 

The papers that were then published responded to the demands 
for explanations about the currency crises with the use of two basic 
families of models: first-generation models and second-generation 
models. The first-generation models explain the currency crises based 
on macroeconomic foundations. The second-generation models 
show that the deterioration of the macroeconomic foundations is 
not a necessary condition for the occurrence of speculative attacks. 
In fact, as those models have multiple equilibriums, they create 
opportunities for the occurrence of self-fulfilling crises. However, after 
the Asian currency turmoil, neither of those approaches has been 
considered satisfactory, despite the fact that many of the East Asia 
countries that have had currency crises have also had full-fledged 
domestic banking crises around the same rime. The interaction 
between banking and currency problems has already been discussed 
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by Díaz-Alejandro (1985), Velasco (1987), Calvo (1995), Goldfajn and 
Valdés (1995), Miller (1995) and Moreira (2002). 

One of the explanations for the Asian crisis is attributed to the 
phenomenon called twin crises, which consists of a banking crisis 
and a crisis in the balance-of-payments, simultaneously. A pioneer 
empirical work in this area is Kaminsky and Reinhart's (1996, 1999). 
Following the twin crises approach. Click and Hutchinson (1999) 
found evidence that that phenomenon is more common in emerging 
markets that took up financial liberalization. Those authors have 
c o n c l u d e d that the opening of the emerging markets to the 
international flow of capital, plus a structure of financial liberafization, 
makes those countries particularly vulnerable to the twin crises. 

This paper discusses an empirical test with macroeconomic 
indicators, regarding the banking and external sectors in the pre-
crisis period (1996), to identiiy countries clusters susceptible to East 
Asia crisis (1997-98). In this context, we estimate crisis scores for a 
sample of eighteen countries based on banking and external sectors 
indicators. The countries with the largest scores reveal more 
vulnerability to the crisis. We have applied cluster analysis to the crisis 
scores to stratify the countries into two homogenous groups (most 
vulnerable and least vulnerable). 

The sample is restricted to 18 countries (Argentina, Brazil, Chile, 
Singapore, Colombia, Korea, the Philippines, Indonesia, Jordan, 
Malaysia, Mexico, Peru, Poland, the Czech Republic, Sri Lanka, 
Thailand, Turkey and Venezuela) due to lack of data regarding some 
of the economic variables of interest in the period. Non-performing 
loans, for example, wasn't an usual financial indicator until the Asian 
crises in 1997. The International Monetary Fund and World Bank 
didn't focus this kind of indicator. Then, in the pre-crises period, 
(1996), just few countries had this date. 

The paper is organized as follows. In Section 2, we present the 
methodological approach for the construction of the crisis index, 
the criteria for principal components and cluster analysis, and the 
validation of the countries classification. In Section 3, we present the 
twin crises indicators. In Section 4, we show statistical results. Finally, 
in Section 5, we summarize our findings and present our final 
comments. 



2 Methodological approach 

Essentially, our approach for the evaluation of currency crises 
involves the characterization of a one-dimensional crisis index. We 
define the indicator of vulnerability of a group of countries to the 
twin crises, currency and financial crises as 

where n=6, 7. is the direction (sign) established for X with base 
in Principal Components Analysis, and 

where Ri^ represents the coefficient of determination of the 
regression of X in all other variables. 

The index I is similar to a general factor in a model of Factor 
Analysis or Principal Components The weight 0^ is a proxy for the 
relative communality of the variable X. See Harman (1976), Manly 
(1994), Wichem and Johnson (1998) and Hoff'mann (1999).The index 
I allows the ranking of the 18 countries in the sample in accordance 
with the intensity with which they respond to this aggregated measure 
of vulnerability to the twin crisis. 

The availability of the measure I leads naturally to the investigation 
on the existence of homogenous strata, i .e. , conglomerates of 
countries with similar scores. We make use of the Ward method of 
classificarion (Everitt and Dunn, 2001), and of the EucHdean distance 
in this investigarion. Ward's technique is a hierarchical classificarion 
method that tries to form clusters with the smallest possible variability 
within clusters. The classification process is validated by using 
discriminât analysis (Tabachnick and Fidell, 2001). 

The methodological approach intend to identify countries 
clusters susceptible to East Asia crisis (1997-98) with base in the 
indicators presented in secrion 3 using data of 1996. The vafidity of 
those indicators must be checked to knowing whether they are good 
leading indicators on the crisis. At first, we use a principal component 
analysis to verify if all the indicators are correlated with their respective 
components and observe the respective signs of them, and .finally 
interpreting the rotated solution. A advantage this statistical approach 



is that each componertt can be interpreted as a construct and we 
can say which one better explain the issue, twin crises. In other words, 
the P' Component explain better than the 2"*̂  Component, and the 
2"'* Component explain better then the 3th one, and so forth. After 
that, we measure a crises index based on a weighted average of 
leading indicators, using the signs extracted by Principal Component 
Analysis to each indicator respectively. At least, we stratified the 
countries into two homogenous groups reladve to their level of 
vulnerability using pre-crisis informadon data and confirm the process 
using discriminant analysis. 

Another important aspect that requires mentioning is the fact 
that most leading indicators presented in the literature are calcirlated 
separately for each country and that they are estimated from time 
series. We have already mendoned that it is impossible for us use 
dme series, once non-performing loans, for example, wasn't an usu
al financial indicator until the Asian crises in 1997-

3 Twin crises indicators 

Also based on the same sample of 18 countries, we investigate 
the possibility that the currency instability in East Asia resulted from 
twin crises. The ten variables selected for this analysis are listed below: 

i) External sector: (E) = real exchange rate; (CA/GDP) = current 
account balance relative to GDP; (M2/R) = broad money relative to 
gross internadonal reserves; (STFD/R) = short-term foreign debt 
relative to gross international reserves; 

ii) Banking sector: (LVGDP) = bank gross foreign liabilities relative 
to GDP; (C/GDP) = credit to private sector reladve to GDP; (L/GDP) = 
bank deposits liabilities relative to GDP; (Jl/Jd) = rado of lending-to-
deposit interest rate; (NPL/TBA) = non-performing loans relative to 
total bank assets; (M2/R) = broad money relative to gross international 
reserves; 

iii) Real sector: (Y) = real GDP growth. 
This list is not exhaustive regarding crisis indicators. We realize 

that many others, like the terms of trade, the M2 multiplier, the stock 
prices, and so forth, were not considered. However, at least for the 
East Asia crisis analysis, the indicators listed are satisfactory, once all 
of them support the external and financial sectors. In fact, if a model 
is more parsimonious, that's better. Furthermore, we note that it has 
been commonly used in the literature. See Pill and Pradhan (1995), 



Mishkin (1996), Galbis (1993), Velasco (1987), Kaminsky and Reinhart 
(1998), Kaminsky and Reinhart (1999), Diehl and Schweickert (1998), 
Krugman (1998a) and Hardy and Pazarbasioglu (1998). 

4 Econometric results 

4.1 Principal Component Analysis 

In principal component analysis, the most commonly used 
criteria for solving the number-of-components problems is a rule-of-
thumb, the rule known either as the Kaiser or eigenvalue-one 
criterion. With this approach, we can retain and interpret any 
component with an eigenvalue greater than or equal to 1. However, 
the most important criterion for solving the "number-of-components" 
problem is the interpretability criterion: interprering the substantive 
meaning of the reta ined c o m p o n e n t s and verifying that this 
interpretation makes sense in terms of what is known about the 
constructs under investigarion (Hatcher, 1998). Hence, following these 
criterions and according to the Table 1 and 2, we retain and interpret 
two components. 

Table 1: Total Variance Explained 

C o m p o n e n t s E i g e n v a l u e s % of V a r i a n c e C u m u l a t i v e % 

1 3 . 2 2 9 3 2 , 2 9 0 3 2 , 2 9 0 

2 2 .691 26 908 5 9 . 1 9 8 

3 1 818 18.181 7 7 . 3 7 9 

4 1,008 10 .076 8 7 , 4 5 5 

5 0 4 4 2 4 . 4 1 5 9 1 . 8 7 0 

6 0 . 3 8 8 3 . 8 7 6 9 5 , 7 4 6 

7 0 ,272 2 .719 9 8 . 4 6 6 

8 0 069 0 .699 9 9 . 1 6 5 

9 0 ,058 0 5 7 9 9 9 , 7 4 4 

10 0 . 0 2 5 0 .256 100 .00 

Note: Extraction Method - Principal Component Analysis. 

The first four components displayed eigenvalues greater than 1. 
However, after interpreting the rotated solutions to 2, 3 and 4 



components, the first two components were retained accounted 
59,2% of the total variance. According Table 2, we can see the rotated 
component matrix: 

Table 2: Rotated Component Matrix 

V a r i a b l e s 1 C o m p o n e n t 2"'' C o m p o n e n t 

E 0 .135 - 0 . 5 4 2 

C A / G D P 0 .138 -0 .481 

Jl/Jd 0 ,360 - 0 . 0 9 8 

NPL/TBA 0 .268 0 . 7 6 8 

M2 /R 0 .058 0 . 8 9 3 

STFD/R - 0 . 2 6 5 0 . 8 6 4 

Y 0 , 5 7 7 - 0 . 1 3 5 

L V G D P 0 . 8 3 7 - 0 . 1 7 6 

G/GDP 0 , 9 5 1 0 ,131 

L/GDP 0 , 9 6 2 0 . 0 9 0 

Note: Extraction Method - Principal Component Analysis. 
Rotation Method: Varimax. 

In interpreting the rotated component matrix, an variable is said 
to load on a given component if the factor loading is 0.60 or grater 
for that component, and is less than 0.60 for the other (Santos and 
Bacha, 2002). Comrey and Lee (1992) suggest that loadings in excess 
of 0.63 are considered very good. The factors loading above 0.60 
are highlight in Table 2. Using these criteria, we can see in Table 2 
that three variables (L7GDR C/GDP and L/GDP) are founded to load 
on the first component , witch can be label the financial boom 
component. Others three variables (NPUTBA, M2/R and STFD/R) load 
on the second component, which can be label the banking and external 
sector problem component. 

We can interpret the first two components and verify that this 
interpretation makes sense in terms of the degree of vulnerability of a 
group of 18 countries to the twin crises, currency and financial cri
ses, in the Asian crisis context. 

i) Financial Boom Component: 
The ratio L/GDP is used as a proxy for the existence of deposit 

runs and loss of confidence in the banking system, or of the shrinkage 
of bank balance sheets for other reasons. The growth of the ratio C/ 
GDP is used as a proxy for how extended the banking sector is. A 



significant increase in this ratio might suggest growing strains in the 
bank sector. The changes in the ratio L*/GDP are used as a measure 
of the extent to which the bank system relies on foreign capital to 
fund its operations, and thus is a proxy for its vulnerability to a sudden 
withdrawal of capital inflows. The mean value of these variables 
increases during the pre-crisis year and then sharply declines during 
the crisis year (Hardy and Pazarbasioglu, 1998). 

The rise in the ratios C/GDP, IVGDP and L7GDP prior to a banking 
crisis is entirely accounted for in its evolution before the twin crises 
in agreement with Kaminsky and Reinhart (1999). 

The growth of the bank assets (domestic credit) and bank 
liabilities (bank deposits) indicates an expansion of the banking sector. 
In the context of financial liberalizadon in the 90's, high liquidity in 
the international financial system and current stability in the emerging 
market would explain an expansion of the financial sector. Pill and 
Pradhan (1995) affirm that the variable that best captures the extension 
from which the financial liberalizadon has been progressing is 
domestic credit/GDP. 

We can observe that the 1st Component is positive and strongly 
correlated with the financial indicators (C/GDR lyCDP and LVGDP) 
Then, it can be interpreted as a construct of Financial Boom 
Component. 

ii) Banking and External Sector Problems Component: 
M2/R captures the extent to which the liabilities of the banking 

system are backed by international reserves. In the event of a currency 
crisis, agents may rush to convert their domesdc currency deposits 
into foreign currency, so that M2/R captures the ability of the central 
bank to meet those demands. Then, the ratio of M2/R is an indicator 
of the external sector as well as of the financial sector (Calvo and 
Mendoza, 1996). 

A liquidity crisis can result from a voluminous and rapid evasion 
of the short-term foreign capital. Large entries of short-term capital 
may be attracted by the promise of high yield, market liberalization 
and apparent dollar-pegged currency stability. Hence, with growing 
signs of financial system fragility, the necessary conditions for a high 
ratio between short-term foreign debt and international reserves 
could be created, which could make a country more vulnerable to 
herd behavior with a quick evasion of capital. The high rates of short-
term foreign debt have signaled high vulnerability in relation to 
sudden changes of short-tenn flow of capital according to Diehl and 
Schweickert (1998). 



Deregulation and precariousness in the supervision of the 
banking sectoi: ally as an implicit warranty by the government for the 
bank loans (moral hazard), their resulting in high-risk loans and in 
high participation of the non-performing loans in the total bank assets. 

According to Krugman (1998a), the problem of moral hazard 
began with the financial institutions or financial intermediaries, whose 
responsibilities were perceived as an implicit warranty by the 
government, those responsibilities not being essentially regulated and, 
as a result, being subject to severe problems of moral hazard. 

We can note that the 2^' Component is positive and strongly 
correlated with indicators of banking problems (M2/R and NPl/TBA) 
and indicators of external problems (M2/R and STFD/R). Then, it can 
be interpreted as a construct of Banking and External Sector Problems 
Component. 

Kaminsky and Reinhart (1999) defend that the Asian currency 
crisis was the fuse of the financial crisis and of the balance-of-
payments crisis, twin crises mutually reinforced. The currency crisis 
generated recession and credit restriction that reinforced the financial 
crisis, activating a vicious spiral and expanding the process amid the 
emerging countries. 

4 .2 Crisi risis scores 

Table 3 presents the estimated communalities for the twin crises 
indicators and their respective weights (relative communalities): 

Table 3: Relative communality - leading indicators of a sample of 18 
países: 1996 

( i ) Indicators relative communality communality 

1 - Non-performing loans/total bank assets (NPL/TBA) 
0.093 0 417 

2 - Broad money/international reserves [M2/R) 
0.177 0 789 

3 - Short-term foreign debt/ infernoticnal resen/es (STFD/R) 
0.170 0.758 

4 - Bank gross foreign liabilities/GDP (LVGDP) 
0.157 0.703 

5 - Credit to private sedor/GDP (C/GDP) 
0.196 0.873 

6 - Bonk deposits liabilities/GDP (L/GDP) 
0.206 0.920 

Total 
1.000 4.46 



It is important emphasize that, in Table 2, the factor loading 
greater than 0.60 are positives. Therefore, we use positives signs to 
the variables (NPI/TBA, M2/R, STFD/R, LVGDP, C/GDP and L/GDP) 
in the crises index that measure the degree of vulnerability of a group 
of 18 countries to the twin crises in the /^ian crisis context . 

Once the weight for every variable is established, a score can be 
determined to measure crisis vulnerability. The Asian crisis 
vulnerability score presented below is determined by the total-sum 
of the products of the variables standardized values presented in 
Table 4 by their respective weights (relative communality) in Table 3, 
with the pertinent signals from principal component analysis. The 
larger the scores, the larger the vulnerability regarding the twin cri
ses, according to what follows: 

Score = 0 / ( N P L / r B A ) -1- 02*(M2/R) + 0 / ( S T F D / R ) -I-
0 / ( L V G D P ) + 0 / ( C / G D P ) + 0 / (L /GDP) , 
where 0,. (i = 1,2,... , 6) are the relative communalides of the 

variables presented in Table 3 and the values of the standardized 
variables, (NPLO^BA), (M2/R), (STFD/R), (LVGDP), (C/GDP) and (17 
GDP) are presented in Table 4. Likewise, each country's score is 
detennined by an average of the standardized variables weighted up 
by relative communalities (weights). 

It is admitted that the larger the vulnerability of the countries to 
the crises, the larger the score. Moreover, the sign of each indicator 
to contribute for increasing the score and the vulnerability of the 
economies to the crises should be used. Hence, the hypothesis of the 
twin crises should be confirmed by making use of the external and 
banking sectors. 

By substituting the standardized values of the indicators presented 
in Table 4 for each country in the formula for determining the scores, 
it is possible to calculate the vulnerability scores for the Asian crisis 
of the 18 economies in the sample, in 1996. 

Although the countries with positive scores are characterized as 
the most susceptible to the twin crises, it is necessary to make use of 
a statistical method to classify the most vulnerable countries to the 
crises in the banking sector and in the balance-of-payments. 



Table 4: Standardized values of the leading indicators in 1996 - Non-
performing loans/total bank assets (NPL/TBA), Broad money/ 
international reserves (M2/R), short-term foreign debt /international 
reserves (STFD/R), bank gross foreign liabilities /GDP (LVGDP), credit 
to private sector/GDP (C/GDP), bank deposits liabilities/GDP(L/GDP): 

C o u n t r i e s N P L / T B A M 2 / R STFD/R L V G D P C / G D P L / G D P 

A r g e n t i n a 0,45787 -0-00367 0-29737 -0.42445 -0-83779 -1,04765 

B raz i l -0-39717 0,16764 -0,35663 -0-48636 -0.62474 -0-79814 

C h i l e -1,53723 -0-94392 -0.5769 -0-56066 0.39393 -0,12840 

S i n g a p o r e -0 82469 -1-55920 -1 28208 2-88170 1,73884 1-54813 

C o l o m b i a -0.68219 -0,91449 -0-35028 -0.59780 -0-81116 -1.10456 

K o r e a 0.22036 2.02329 1.90222 -0,20775 0-55705 -0.02335 

P h i l i p p i o n s 1.55042 0.70642 0.00212 0.29374 0,13094 0-25681 

I n d o n e s i a 1-28916 2-01348 1,47998 -0.43683 0,34399 0-24367 

J o r d a n -0 34967 0.25330 -0-47886 2.07683 0-84667 1-62693 

M a l a y s i a 0,57662 0.01987 -0-67253 -0-07774 1.48916 1-56127 

M e x i c o 1.19415 0.73257 2.21653 -0 67829 -0,97428 -0-81565 

Peru -0-56343 -0-71834 -0-21536 -0,59161 -0-86443 -0-95135 

P o l a n d -0.34967 -0.38225 -1.31701 -0.64733 -0.97095 -0.49173 

C z e c h R. 1-07540 0-01856 -0-55823 0 2 1 3 2 6 0.41057 0-94843 

Sri L a n k a -0.58718 -0-70591 -0-43600 -0,45540 -0-66469 -0-65369 

T h a i l a n d 1 38416 0-31345 0.25927 0 86334 1 82872 1 32926 

Turkey -1,58473 0,43442 0-72438 -0-40587 -0.75790 -0 30788 

V e n e z u e l a -0-87219 -1,45523 -0-63919 -0,75878 -1-23394 -1-19211 

Table 5 - Scores: 1996 
Venezuela - 1 - 0 5 3 9 1 0 Brazil - 0 . 4 3 1 1 1 6 Singapore 0 . 5 4 1 5 2 6 

C o l o m b i a - 0 - 7 6 5 2 3 7 Argent ina - 0 - 3 9 2 7 9 8 Malaysia 0 ,544104 

Poland - 0 . 7 1 7 3 0 3 Turkey - 0 - 2 2 3 0 3 6 Jordan 0 , 7 5 8 0 6 6 

Peru - 0 - 6 7 4 4 4 6 Mexico 0 . 1 5 2 0 5 7 Korea 0 . 7 7 3 7 4 8 

Sri Lanka -0 -590111 Czech R- 0 , 3 1 7 7 2 9 Indonesia 0 . 7 7 6 9 1 0 

Chi le - 0 . 4 4 5 1 6 7 Phillppines 0 - 3 9 4 2 7 0 Thai land 0 . 9 9 6 0 8 4 

4.3 Cluster analysis 

The cluster analysis based on the Ward method concludes for 
the existence of two homogenous groups of scores. 

Group 1: Argentina, Brazil, Chile, Colombia, Peru, Poland, Sri 
Lanka, Turkey and Venezuela. 



Group 2: Mexico, Singapore, Korea, the Philippines, Indonesia, 
Jordan, Malaysia, the Czech Republic and Thailand. 

The five countries in Group 2 that presented larger scores stand 
out as indicators of greater vulnerability to the twin crises; in 
decreasing order, they were Thailand, Indonesia, Korea, Jordan, and 
Malaysia. Note that meanwhile Jordan present a high score - great 
vulnerability - this country was not reached strongly by the crisis. We 
can note also that the crisis in the Philippines, a country with better 
fundaments and a less fragile financial system than other countries in 
the region, was also relatively contained. Even though the exchange 
rate plunged and the stock market dropped by over 30% in 1997, this 
country did not experience the extent of the turmoil and financial 
panic that hit Korea, Thailand, Indonesia and Malaysia. Likewise, 
Singapore was, relatively speaking, less affected by the regional 
turmoil. Singapore decided to let their currency float rather than lose 
reserves by attempdng to stabilize the exchange rate; however, the 
deprec ia t ion rates of their currency was modest , and, most 
importandy the country did not experience drastic reversals in market 
sentiment, financial panic and large-scale debt crises (Corsetd, Pesenti 
and Roubini, 1998). The scores of Mexico and the Czech Repubfic 
also show that these countries were less vulnerable to the regional 
turmofl. 

It is also interesting to observe that the Latin American countries 
belong to cluster of countries less vulnerable to the twin crises in 
1996. Contrary to the foreign investors' optimistic perception in 
relation to East Asia countries, the Latin American economies were 
seen with distrust by part of the investors, even though they have 
also been benefited by the capital inflow, but in smaller propordon 
than East Asia countries. That perception of greater risk regarding 
those economies certainly reduced the financial leverage and this 
minimized the problems of moral hazard presented by East Asia 
countries. 

4.4 Discriminant analysis 

The validation of the stratification in two groups is taken to effect 
by using the discriminant analysis, according to Table 6. This 
procedure hasn't indicated a mismatch even when the data were 
submitted to the cross validating option (Everitt and Der, 1996). 



We also use nonparametric discriminant analysis. The non-
parametric method is describe in Conover (1999), that propose to 
classify the observations by application of the rank transformation. 
Each variable is ranked separately, and the popular linear discriminant 
function is computed on the ranks. Hence, vye can verify if the 
countr ies w e r e correct ly classified by discriminant analysis, 
independent of their distributions hypothesis. The usual parametric 
discriminant analysis assumes a normal distribution for multivariate 
data, although this distribution is not common. The nonparametric 
approach is compared with the parametric one. Mismatching in the 
results does not suggest normality of the populations. Our results are 
coincident for both procedures. 

Table 6: Classification of the countries (1996) according to the linear 
discriminant function 

C l a s s i f i e d 
i n to G r o u p 

Pos te r i o r i P r o b a b i l i t y of C o u n t r i e s in 

C o u n t r i e s F rom G r o u p 
C l a s s i f i e d 

i n to G r o u p 
G r o u p 

1 2 

Argent ina 1 1 0 .999 0 .001 

Brazil 1 1 0 .999 0.001 

Chi le 1 1 1,000 0 ,000 

Singapore 2 2 0 . 0 0 0 1,000 

C o l o m b i a 1 1 1.000 0 ,000 

Korea 2 2 0 , 0 0 0 1.000 

Phil ippines 2 2 0 .001 0 .999 

Indonesia 2 2 0 .000 1.000 

Jordan 2 2 0 . 0 0 0 1.000 

Malaysia 2 2 0 ,000 1.000 

Mexico 2 2 0 ,064 0 .936 

Peru 1 1 1.000 0-000 

Poland 1 1 1,000 0 .000 

Czech R. 2 2 0 ,003 0 .997 

Sri Lonko 1 1 1,000 0 .000 

Thai land 2 2 0 .000 1,000 

Turkey 1 1 0 .979 0.021 

Venezuela 1 1 1,000 0 .000 



5 Concluding comments 

The results of the Principal Component Analysis show that three 
variables (L7GDP, C/GDP and lyCDP) are founded to load on the 
first component, witch can be label the financial boom component. 
Others three variables (NPIVTBA, M2/R and STFD/R) load on the 
second component, which can be label the banking and external 
sector problem component. 

The index with base in six variables regarding both components 
reveal themselves to be reasonable indictors of vulnerability the of 
the Twin Crises. The results of the cluster analysis classify the main 
protagonists of the East Asia crisis (Thailand, Indonesia, Korea and 
Malaysia) in the group of the most vulnerable economies of the twin 
crises, but they also classify countries that are not reached strongly 
by the crisis, such as: Mexico, Singapore, Jordan, The Philippines 
and the Czech Republic. We can also observe that the Latin American 
countries belong to cluster of countries less vulnerable to the twin 
crises in 1996. The perception of greater risk regarding those 
e c o n o m i e s can have reduced the financial leverage and this 
minimized the problems of moral hazard presented by East Asia 
countries. Asian countries' financial systems are inherently more 
bank-dominated systems, and thus due to structural economic 
differences more sensitive to twin crises. We stand out that our 
approach methodological doesn't function as an early warning system, 
but just as an vulnerability indicator of the twin crises. In this way, it 
was confirmed that the East Asia crisis resulted from financial crisis 
and ba lance-of -payments unba lance , twin crises. That result 
corroborates the position in the specialized Hterature, especially that 
of Kaminsky and Reinhart's (1999). 

Data Appendix 

Sources of the indicators: /Umost all the data presented were 
gathered from the Intemarional Monetary Fund (IMF), in International 
Financial Statistics (various issues), except when stated otherwise. 

1. The real exchange rate was calculated according to what 
follows (Mattos, 1987): 

Consumer Prices ...line 64 (USA-1996) = 102,9 
Consumer Prices ...fine 64 (USA-1994) = 97,3 



(102,9)/(97,3) = 1-057 
Oine 64 of the country in 1996)/Gine 64 of the country in 1994) = Z 
[Gine rf of the country in 1994). (Z)/(1.057)] = X 
{ [ (X)/Gine rf of the country in 1996) ] -1 }*100 > 0 (Appreciation) 
{ [ (X)/(line rf of the country in 1996) ] -1 } * 100 < 0 (Depreciation). 
2. Current account balance relative to GDP: [line 78ald x line r f ) / 

line 99b]*100. 
3. M2/Reserves: {[(line 34 + line 3 5 ) / Gine rf) ] / Gine iL.d) }*100. 
4. Short-term foreign debt reladve to gross internadonal reser

ves: World Development Indicators - 1998. [(Total external debt - Long-
term d e b t ) / Gine lLd)]*100. 

5. Bank gross foreign liabilities relative to GDP: [ Gine 26c / line 
99b) ]*100. 

6. Credit to private sector reladve to GDP: [(line 22d / line 
99b)]*100. 

7. Bank deposits liabilities relative to GDP: [Gine 24 + line 25)/( line 
9 9 b ) ] * 100. 

8. Rado of lending-to-deposits interest rate: [(line 60p/line 
601)]* 100. 

9. Non-Performing Loans reladve to total bank assets: BIS Annual 
Report (various issues). (NPL/TBA)* 100. 

10. Real GDP growth: {[Gine 99b.p in 1996)/Gine 99b.p in 1994)]-
1}*100. 
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