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Abstract

In this paper, we analyze the role of trade contagion, financial contagion, and fundamentals in the
propagation of currency crisis. For the Asian, Russian, Brazilian, and Argentinean crisis, panel probit
regression applied on 30 emerging market countries shows that trade contagion plays a significant role, and
financial contagion is also an effective channel in the transmission of these crises. For the Mexican crisis,
cross-section probit regression on 24 developing countries shows that fundamentals can explain the
occurrence of Mexican crisis mostly. Either trade contagion or financial contagion plays some role in the

spread of the Mexican crisis.
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1. Introduction

In the modern world, there has been a series of currency crises in developing countries: the Mexican
crisis of 1994-1995, the Asian crisis of 1997-1998, the Russian crisis of 1998, the Brazilian crisis of 1999,
and the Argentinean crisis of 2002. One common feature of these crises is the rapid spread of difficulties
from one country to others of very different sizes and structures. This phenomenon, known as
“contagion” , is prominent and there has been increasing interest in the contagion effect of currency crises.

In the broad sense, contagion is defined as the transmission of shocks from one country to other countries.
Among contagion channels, spillover through trade linkages and spillover through financial linkages are
usually used to measure contagion effect of currency crises. Contagion through trade linkages means that
currency crisis may spillover to other countries through bilateral trade or trade competition in third markets.
Contagion through financial linkages is the contagion through bilateral financial linkage or common
creditor. It indicates that a crisis in one country may leads investors to rebalance their portfolios for
liquidity, risk management, or other reasons. Therefore, contagious crisis may take place if international
investors simultaneously change their investment positions in some countries.

Numerous empirical analyses have been made on the role of trade contagion and financial contagion in
the transmission of currency crises. Some studies argue that trade contagion is important determinants of

how crises spread, while others find that financial contagion plays a significant role in the spread of
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currency crisis.

Eichengreen, Rose and Wyploz (1996) analyze contagion using 30 years of panel data from 20 OECD
countries. They find that shocks spread more easily within two countries if they have strong trade relations
and conclude that trade links can explain contagion more than macroeconomic similarities. Using a large
sample of countries (107 to 131), Glick and Rose (1999) focus on five currency crisis episodes between
1971 and 1997. Results show that trade measures are significant and macroeconomic controls are generally
insignificant.

Empirical studies by Kaminsky and Reinhart (2000), Van Rijckeghem and Weder (2001) and Caramazza,
Ricci and Salgodo (2004) analyze the significance of indirect financial lender— “common bank lender
effect” and trade contagion. Kaminsky and Reinhart (2000) assess the spread of the Mexican and Asian
crises, using trade channel and bank lending channel. Van Rijckeghem and Weder (2001) use cross-
sectional data in the Mexican, Asian, and Russian crises to test the role of “common creditor” , trade
linkages and macroeconomic variables. Caramazza, Ricci and Salgodo (2004), using a sample of 41
emerging market and industrial countries during the Mexican, Asian, and Russian crises, investigate the
relevance of macroeconomic variables as well as trade and financial linkages in inducing currency crises.
Results of these studies show that common bank lender plays a significant role in the transmission of
currency crisis, while trade linkages are less influential.

Although there have been many empirical analyses about contagion channels, there are few literatures
which analyze currency crises since the Mexican crisis (1994) until the most recently Argentinean crisis
(2002). Moreover, earlier empirical literatures usually use limited indicators of contagion channel to
measure the contagion effect of currency crises. This paper seeks to make one more examination on whether
trade contagion and financial contagion are important determinants of countries vulnerability to the recent
episodes of currency crises. To analyze contagion effect of currency crises more completely, we use many
indicators of trade contagion and financial contagion and extend the sample period to the Argentinean crisis
(2002).

In the probit framework, we follow the empirical method of Caramazza, Ricci and Salgodo (2004),
hereafter abbreviated as CRS (2004), and extends that in CRS (2004) at several points. Firstly, in order to
analyze the transmission of currency crises by trade channel and financial channel, we use a number of
different methods to compute the indicators of trade contagion and financial contagion, while CRS (2004)
only use two methods to compute the indicators of trade contagion and financial contagion. Secondly, we
test a new measure of trade contagion. Thirdly, our sample period is extended to include the Brazilian crisis
(1999) and the Argentinean crisis (2002), along with the Mexican, Asian, and Russian crises, which are also
analyzed in CRS (2004).

Due to data availability problems, some adjustment of empirical method is made. For the Asian, Russian,
Brazilian and Argentinean crisis, panel probit regression is used on 30 emerging market countries, while in
the case of Mexican crisis, cross-section probit estimation is used on 24 developing countries!.

This paper is organized as follows. Section 2 presents the empirical analysis about panel probit regression

of the Asian, Russian, Brazilian and Argentinean crisis. Section 3 presents the empirical analysis about

! Due to lack of comparable data for 6 emerging market economies within the full sample period, they are excluded from the 30 emerging
market countries above.



Cross-section probit estimation of the Mexican crisis. Section 4 gives some conclusions.

2. Panel probit regression of the Asian, Russian, Brazilian and
Argentinean crisis

We apply panel probit regressions to data for 30 developing countries? during the Asian, Russian,

Brazilian, and Argentinean crisis.

2.1 Empirical estimation approach
2.1.1 Identifying crises (the dependent variable)

To analyze the spillover of currency crises, an operational definition of exchange market pressure is
required to determine which countries suffered most during the Asian, Russian, Brazilian and Argentinean
Crisis. Following an approach similar to that in CRS (2004), we construct an index of exchange market
pressure (EMP)? to account for the movements in a country’ s exchange rate and foreign exchange reserves.
It is a weighted average of monthly exchange rate changes and monthly reserve changes for 30 developing
countries for the period 1990.1-2002.12. Periods when the 12-month inflation rate exceeds 100% are

excluded.
EMPﬂ: d’,’( A ER,',/ER,-,) - 'lI/l'( AR,‘,/R,',) (1)

where A ER,/ER, is monthly exchange rate change for country i and period ¢, AR,/R, is monthly reserve
change for country i and period ¢, «; is the inverse of the sample standard deviation of monthly exchange
rate change, and ¥, is the inverse of the sample standard deviation of monthly reserve change. «;and ¥, are
country specific.

Crisis countries during the Asian, Russian, Brazilian and Argentinean Crisis are identified as those
suffering exchange market pressures exceeding a specific threshold during each crisis period. Crisis period
is defined as the period of six months from the beginning of each crisis. The starts of the four crisis episodes
are dated as July 1997 (Asian crisis), August 1998 (Russian crisis), January 1999 (Brazilian crisis), and
January 2002 (Argentinean crisis)*. Therefore, the crisis period of the Asian crisis is July- December 1997,
that of the Russian crisis is August 1998-January 1999, that of the Brazilian crisis is January-June 1999, and
that of the Argentinean crisis is January-June 2002.

The crisis index is defined as

? Emerging market countries: Latin America(10y—Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico, Peru, Uruguay, and
Venezuela; Asia(9)—India, Indonesia, Korea, Malaysia, Pakistan, Philippines, Singapore, Sri Lanka, and Thailand; Middle East and
Africa(4)—Israel, Kenya, Morocco, and Turkey; and transition countries(7)—Bulgaria, Czech Republic, Hungary, Poland, Romania,
Russia, and Slovak Republic.

3 Similar to Kaminsky and Reinhart (1999) and Caramazza, Ricci and Salgodo(2004), interest rates changes are excluded from the
exchange market pressure index, due to lack of comparable data for many emerging markets for the full sample period.

¢ To determine the start of each crisis episode, earlier empirical literatures such as CRS (2004) are referenced.



Crisis,; =1, if EMP,>p pyp +1.6450 51 )

=0, otherwise

where ¢ s and opwe are the pooled mean and pooled standard deviation of the calculated EMP
respectively. “The threshold is chosen so that over the whole sample 5% of the monthly index values will
exceed that threshold if the values are distributed normally” (CRS 2004).

Using crisis index, we can get crisis countries during the Asian, Russian, Brazilian and Argentinean
Crisis as shown in Table 1. For example, because the crisis index of Thailand during the crisis period of
Asian crisis (July- December 1997) is calculated as 1, Thailand is regarded as crisis country in the Asian
crisis.

In Table 1, there are 10 countries which have experienced currency crisis during the Asian crisis, 5
countries during the Russian crisis, 7 countries during the Brazilian crisis, and 6 countries during the
Argentinean crisis. In terms of geographic distribution, from Figure 1, we know that the Asian crisis mostly
affected Asian countries, the Russian crisis mainly the European transition countries and Latin American
economies, the Brazilian crisis primarily Latin American economies and the Argentinean crisis mainly Latin

American economies.

Figure 1 Incidence of Currency Crises
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2.1.2 Panel Probit model

We use a panel probit model to analyze how the crisis index (Crisis,) can be explained by a set of
regressors (x;).

Crisis index (Crisis,) is a binary choice variable. Crisis, = 1 if crisis happens and 0 if crisis does not
happen for country i and time t. Suppose that there is an unobserved latent variable Crisis," that is linearly

related to x;,
Crisis, = x,+V, + 4, (3)

Then the observed dependent variable is determined by whether Crisis,* exceeds a threshold value:



Crisi 1 if Crisis, >0 @
risis, =
! if Crisis, <0

So that
Pr(Crisis, =1)=Pr(Crisis, > 0)=Pr{y, >—v,—x,8)= Fly,+x,8)  ©

where F is normal cumulative distribution functions which is between zero and one. f3is the vector of
coefficients. Consider the random effect model, v, is assumed to follow the normal distribution, that is,

vi~N(0, 52).

n

® —V,Z / 203
Pr(Crisis,|x,) = ‘r f/z_—{n F (v,. +X, ﬂ)}d v, 6)
=270,

In this panel probit model, explanatory variables x, include fundamental variables® and indicators of trade

contagion and financial contagion. Therefore, panel probit model (3) could be rewrite as follows:
. 8
Crisis, = 3, + Z BZ, .+ PrcTC, + P FC +v, + 1, (N
c=1

where Z consists of the fundamental variables, TC indicates trade contagion, and FC indicates financial
contagion.

Among the fundamental variables, the external variables are real exchange rate depreciation, current
account balance to GDP, and exports to GDP. Real exchange rate appreciation is a proxy for exchange rate
misalignment and loss of international price competitiveness for exports merchandise. Current account
deficit may indicate poor trade competitiveness in crisis countries. Negative export growth is another
indicator of weak external performance.

The domestic variables are fiscal balance to GDP, M2 to GDP, and GDP growth. Large fiscal deficits or
monetary expansions can fuel inflation expectations and lead to pressures on the currency. Slow GDP
growth may indicate that imbalances have become increasingly untenable or that governments will be
unwilling to defend exchange rate arrangements by implementing polices.

The indicators of financial weaknesses or fragility are share of short-term BIS debt and short-term debt to
reserves. Share of short-term BIS debt is used to measure the maturity composition of bank liabilities.
Short-term debt to reserves is a proxy for the inadequacy of international reserves to cover speculative
attacks.

As to the crisis contagion, trade contagion and financial contagion are considered.

Trade contagion

In contrast to CRS (2004) which build a trade contagion variable measuring the price and income effect,

® In contrast to CRS (2004), this paper adds a variable of exports to GDP to the benchmark model because negative export growth is
regarded as an indicator of weak external performance.



we consider three types of trade contagion indicators, that is, direct trade measure, indirect trade measure,
and total trade measure. Total trade measure is a combination of direct trade measure and indirect trade
measure. It includes a weighted sum indicator and a product indicator. The direct, indirect trade measure
and the weighted sum indicator of total trade are calculated by the similar formula provided by Glick and
Rose (1999), while the product indicator of total trade is a new indicator comparing to the earlier empirical
literature.

Direct trade contagion is through bilateral trade, so the direct trade measure is defined as

X, — X,
DirectTrade, =1— M
Xio X

®)

where 0 stands for the “ground zero” country, i stands for the sample country, x,, denotes aggregate
bilateral exports from country i to 0, and x, denotes aggregate bilateral exports from country 0 to i. The
closer bilateral exports between countries 0 and i are, the higher this indicator is.

The indirect trade measure focuses on trade competition in third markets. It is calculated as follows:

. Xy + X, X, — X
IndirectTrade, =y —%——& 1—l 1 = Yo ©
Xo+X; Xy + Xog

where k stands for the common export market, X, denotes aggregate bilateral exports from country Oto k,x,
denotes aggregate bilateral exports from country i to &, and x,,x; represent aggregate exports from country 0
and i respectively. The first component of the equation is a measure of the overall importance of the
common export market (k country) for countries i and 0. The second component captures the extent to
which countries / and  compete in the common export market. The higher the value of IndirectTrade is, the
more intensely the country’ s exports compete with the “ground zero” country in third markets.

In this paper, the “ground zero “ country (0 country) is Mexico in the Mexican crisis, Thailand in the
Asian crisis, Russia in the Russian crisis, Brazil in the Brazilian crisis, and Argentina in the Argentinean
crisis. Similar to Hattori (2002a) , the common export markets (k country) are assumed to be G7, Spain,
and China. Spain and China are added to the common export markets due to consideration of the
relationship within Spain and Latin American countries, and that within China and East Asian countries.
Export competition countries (/ country) are assumed to be the sample countries. The countries used in
calculating index of trade competition are tabulated in Table 2.

Total trade measure is a composite indicator of DirectTradei and IndirectTradei. One measure of total

trade, TotalTradeli®, is the weighted sum of DirectTradei and IndirectTradei, it is defined as follows:

TotalTradel, = Zio ¥ Yoy DirectT rade; + [1 - M) x IndirectTrade, (10)
Xy +X Xo+ Xy,

i

¢ See Glick and Rose (1999) and Santis, R.D. (2004).



i.e., DirectTradei is weighted by (xo+x,)/ (xo+x) and IndirectTradei is weighted by (1 —{xo—xol/ (xotx0)) -
Another measure of total trade, TotalTrade2i, is the product of DirectTradei ajnd IndirectTradei. This

indicator means to relate the contagion effect by the direct trade linkages and that by the indirect trade

linkages. This total trade contagion not only includes the influence of direct trade contagion and indirect

trade contagion, but also includes each other’ s influence of the two terms.
X0 — Xo; X, + X, X, — X,
TotalTrade2, =| 1-—2—" |x| 3" —ok——& l—I = o 1D
X0+ X Xot X, Xy T Xok

To calculate the indicator of trade contagion, we use the sum of precrisis monthly data from IMF-

Direction of Trade Statistics. That is, the sum of December 1993-November 1994 monthly data for the
Mexican crisis, the sum of July 1996-June 1997 monthly data for the Asian crisis, the sum of August 1997-
July 1998 monthly data for the Russian crisis, the sum of January-December 1998 monthly data for the
Brazilian crisis, and the sum of January-December 2001 monthly data for the Argentinean crisis. When
calculating the indicator of DirectTradei, TotalTradeli, and TotalTrade2:’, since the “ground zero”
countries are included in the sample countries, we remove the observation corresponding to that country
(Mexico in the Mexican crisis, Thailand in the Asian crisis, Russia in the Russian crisis, Brazil in the

Brazilian crisis, and Argentina in the Argentinean crisis) for each crisis episode.

Financial contagion

We use two indicators to measure indirect financial linkages?®.

Following the method of CRS (2004), one indicator uses BIS data to calculate the common creditor
variable. The common creditor variable tries to measure the effect on which the other countries may suffer
financial contagion through portfolio adjustment by the common creditor to a country initially in crisis.
Common creditor refers to the major lender to the first crisis country. The common creditor variable
(BISAB) measures the financial linkages of each country with the common creditor. It is calculated as the
product of two indicators, BISA and BISB. The indicator of BISA measures the importance of the common
lender to the borrowers and is calculated as the precrisis share of BIS debt that each country borrows from
common creditor. The indicator of BISB measures the importance of a borrower to the common lender and
is calculated as the precrisis share of common creditor’ s BIS portfolio that is lent to a country. The larger
BISA and BISB are, the stronger the effect of the portfolio adjustment by the common creditor to other
countries would be. The major lenders to the first crisis country are identified as the United States in the
Mexican crisis, Japan in the Asian crisis, Germany in the Russian crisis, the United States in the Brazilian
crisis, and the United States in the Argentinean crisis. Taking the Asian crisis as an example, we have BISA,
= by/b,, BISB, = b,/b,, and BISAB, = BISA, X BISB..

Another indicator of the intensity of competition for bank funds is constructed by following Van

Rijckeghem and Weder (2001). Van Rijckeghem and Weder (2001) use two indicators to measure the

" Due to lack of data, we remove Slovak Republic when calculating the indicator of DirectTradei, TotalTradeli, and TotalTrade2i.
# Due to lack of comparable data, we don't measure the indicator of direct financial linkages.



intensity of competition for bank funds: absolute and relative competition. The indicator of absolute
competition uses the absolute value of credits obtained from the common lender. The indicator of relative
competition measures the degree of competition scaling countries by their size (in terms of total financing).
Absolute competition considers that a larger country represents more competition for other countries, for
example, if the demand for funds increases in a larger country, because of margin calls, contagion may
occur if there is limited supply of funds. Relative competition implies that all countries are equally
important which means a shock in large country conveys the same information to the market as a shock in
small country, so contagion may occur due to information spillovers (Hernandez and Valdés (2001)). In this
paper, we assume that larger countries are more important, so we select the indicator of absolute

competition. It is calculated as follows:

FundsComp, = b b, (1 L= ] 12)

b, +5, by +b,
where O stands for the “ground zero country” , ¢ stands for the common lender, b, represents bank lending
from a country c to country i, b, represents the total borrowing of country i. The first component of the
equation is a measure of the overall importance of the common lender (¢ country) for countries 0 and ;. The
second component captures the extent to which countries 0 and i compete for funding from the same
creditor countries.

In this paper, we assume that emerging market countries borrow from the developed countries. The
common lender countries (c country) are assumed to be France, Germany, Japan, Netherlands, Switzerland,
the United Kingdom and the United States®. “Ground zero” countries (0 country) are the countries
initially in crises. Borrowing countries (i country) are assumed to be the sample countries. The countries
used in calculating indicator of FundsCompi are tabulated in Table 3.

To calculate the indicator of funds competition, we use the precrisis annual data from “BIS-
Consolidated International Banking Statistics” . That is, we use 1994 data for the Mexican crisis, 1996 data
for the Asian crisis, 1997 data for the Russian crisis, 1998 data for the Brazilian crisis, and 2001 data for the

Argentinean crisis.

2.2 Empirical results of panel probit regression

In this section we use panel probit regression on 30 countries to analyze the role of contagion channel and
fundamentals in the spread of currency crises. To test various indicators of trade contagion and financial
contagion, we made two kinds of combination of variables. The first one is that we combine fundamentals,
various trade contagion indicators with the financial contagion of common creditor indicator (BISAB). The

panel probit model of the first combination can be expressed as follows:

® The common lender countries are those data available countries that report bank lending by nationality of lender from BIS.
9 Due to lack of data, we remove the country of Bulgaria, Czech Republic and Slovak Republic when calculating the indicator of
FundsComp.
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Crisis, = f,+ Z BZ, .+ B TC, + B BISAB, +v, + 1, 13
e=l

where financial contagion variable is measured by the indicator of common creditor (BISAB), trade
contagion variable is measured by the indicator of direct trade contagion (DirectTrade), indirect trade
contagion (IndirectTrade), and total trade contagion (TotalTradel, TotalTradeZ) respectively.

The second one is that we combine fundamentals, various trade contagion indicators with the financial
contagion of funds competition indicator (FundsComp). The panel probit model of the second combination

can be expressed as follows:
. 8
Crisis, = o+ 3 B2,y + BrcTC,u+ B FundsComp, +v,+ 1, (14)
c=1

where financial contagion variable is measured by the indicator of funds competition (FundsComp), trade
contagion variable is measured by the indicator of direct trade contagion (DirectTrade), indirect trade

contagion (IndirectTrade), and total trade contagion (TotalTradel,TotalTrade2) respectively.

Results of the first combination

When financial contagion is measured by the common creditor indicator (BISAB), using panel probit
model of (13), we test the role of various trade contagion indicators, common creditor indicator, and
fundamentals in the transmission of currency crises. Panel probit regression results of the first combination
are shown in Table 4 and Table 5.Correlation coefficients of trade contagion indicators and financial
contagion indicators in the panel data are shown in Table 8.

In Table 4, when trade contagion is calculated by the indicator of indirect trade contagion, results show
that when indirect trade contagion and common creditor variable are entered alone in the regression, each of
them is significant. However, when both of them are entered in the regression, indirect trade contagion is
still significant while common creditor variable becomes insignificant. Results suggest that both indirect
trade linkage and the common creditor linkage are effective channels in the spreading of crisis.

Results in Table 5 show that direct trade contagion, total tradel contagion and total trade2 contagion are
significant while common creditor variable is not significant statistically.

From Table 8, we know that the correlation coefficients of trade contagion indicators and common
creditor indicator seem not high.

In Table 4 and Table 5, among the fundamentals, regressions show significant effects from current
account balance to GDP and exports to GDP. This suggests that the occurrence of currency crisis in a
country always accompany with large current account deficit and deterioration in the trade balance before

the crisis.

Results of the second combination

In the second combination, financial contagion is measured by the funds competition indicator
(FundsCompi). Using panel probit model of (14), we get the regression results of the second combination as
shown in Table 6 and Table7.



Similar to results of the first combination, results in Table 6 show that if trade contagion is calculated by
the indicator of indirect trade contagion, when indirect trade contagion and funds competition variable are
entered alone in the regression, each of them is significant, suggesting trade competition in third markets
and competition for funds are associated with a higher probability of contagion. When both of them are
entered in the regression, indirect trade contagion is still significant while funds competition variable is
insignificant. Part of the explanation lies in the relatively high correlation between indirect trade contagion
and funds competition variable (the correlation coefficient of them is 0.6182 shown in Table §).

Results in Table 7 show that total tradel. contagion and total trade2 contagion are significant while funds
competition variable is not significant statistically.

In Table 6 and Table 7, similar to results of the first combination, among the fundamentals, regressions

show significant effects from current account balance to GDP and exports to GDP.

Table 8 Correlation Coefficient of Trade Contagion and Financial Contagion in the Panel Data

Contagion Variable

Direct Trade Contagion

Indirect Trade acontagion

Total tradel contagion

Total trade2 contagion

Common Creditor

0.262

0.396

0.383

0.294

Funds Competition

0.293

0.618

0.475

0.451

To summarize, results of panel probit regression on 30 countries show that trade linkages play significant
role in the spread of Asian, Russian, Brazilian, and Argentinean crises. When currency crisis occurred in
one country, it may spread to other countries through channels of bilateral and indirect trade linkages, owing
to the improved price competitiveness and compression of imports in the crisis country. A strong trade
links with the “ground zero” country would increase one country’ s vulnerability to crisis.

Among the fundamental variables, external variables of current account balance to GDP and exports to
GDP are significant. Current account deficits and trade deficits are indicators of weak external performance.
The cause of current account deficits and trade deficits may be the gap between investment required and
availability of savings which leads to greater imports than exports during periods of rapid economic growth
or the overvaluation of real exchange rate. If large current account deficits are financed by foreign loans, the
government debt will increase. If government tightens domestic economy to improve current account
balance to GDP, this leads to negative GDP growth.These factors will deteriorate the macroeconomic
environment of a country.

Results of panel probit analysis show that financial contagion variable is significant when it is entered
alone in the regression in two cases. This indicates that financial contagion is an effective channel to spread
currency crisis. When a crisis breaks out in one country, it may transmit to other countries because foreign
investors possibly rebalance their portfolios for risk management, liquidity, or other reasons. Results also
show that when trade contagion variable and financial contagion variable are entered together in the
regression, financial contagion becomes insignificant statistically. One possible reason may be the relatively
high correlation between some trade contagion indicator and financial contagion indicator. The high
correlation between the explanatory variables will lead to multicollinearity in a model. However, Table 8
also shows that only two contagion indicators have relatively high correlation. This indicates that

multicollinearity could not explain the results of all of cases. Another possible reason is that the Brazilian



crisis and Argentinean crisis are considered as of different type from the Asian crisis. The earlier empirical
literature of CRS (2004) uses panel probit regression on 41 emerging market countries to examine the role
of fundamentals, trade linkages and financial linkages. They find that financial linkages play a significant
role in the spread of the Mexican, Asian, and Russian crises. In this paper, we use the panel probit model to
analyze contagion effect during the Asian, Russian, Brazilian and Argentinean crises. The different result
may be due to the different characters between the Brazilian, Argentinean crisis and the Asian crisis. The
Brazilian and Argentinean crisis are considered to be current account crisis which is always featured of
large current account deficits and fiscal deficits, while the Asian crisis is usually deemed to be capital
account crisis. To examine this opinion, we did the cross-section probit analyses of Asian crisis, Brazilian
crisis, and Argentinean crisis. Detailed explanation of the model and results are described in the Appendix
1. Cross-section probit results of Asian crisis show that financial contagion plays a significant role in the
spread of the Asian crisis. However, cross-section probit results of the Brazilian and Argentinean crisis

show that financial contagion is not significant or is significant while not correctly signed.

3. Cross-section probit estimation of the Mexican crisis

This section uses cross-section probit regression for 24 emerging market! countries in the Mexican crists

to investigate the cause of currency crisis.

3.1 Empirical estimation approach
3.1.1 Identifying crisis (the dependent variable)

Our approach to build crisis index is similar to that in section 2.1.1. However, the sample period used to
construct the index of exchange market pressure (EMP) is 1990.1-1995.6. The crisis period of Mexican
crisis used to calculate the crisis index is December 1994-June 1995. The start of the Mexican crisis episode
is dated as December 1994.

Equation (1) and (2) are used to calculate crisis index, by which Colombia, Kenya, and Mexico are found

to be crisis countries during the Mexican crisis.

3.1.2 Probit model
To analyze Mexican crisis, using cross section data, we apply probit model to estimate how the crisis

index (Crisis;) can be explained by a set of regressors (x,).
Crisis, =x,f+p,  (15)
Pr(Crisis, =1) = Pr(Crisis] >0)=Pr(y, >-x8)=F(xp)  (16)

where F is the cumulative distribution function of the standard normal distribution. 3 is the vector of

' Emerging market countries: Latin America(9)—Argentina, Chile, Colombia, Costa Rica, Ecuador, Mexico, Peru, Uruguay, and
Venezuela; Asia(9)—India, Indonesia, Korea, Malaysia, Pakistan, Philippines, Singapore, Sri Lanka, and Thailand; Middle East and
Africa(4)—TIsrael, Kenya, Morocco, and Turkey; and transition countries(2)y—Hungary and Romania.



coefficients.

Explanatory variables x; of benchmark model include current account balance to GDP, exports to GDP,
fiscal balance to GDP, M2 to GDP, GDP growth, share of short-term BIS debt, short-term debt to reserves,
trade contagion, and financial contagion. The measurement of explanatory variables is the same as that of

panel probit model in section 2.1.2,

Figure 2 Fundamental Variables before the Mexican Crisis

Fundamental Variables of Mexico
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Note: BCAY is current account balance to GDP, XY3LG is exports to GDP, GGBY?3 is fiscal balance to
GDP, M2YG is M2 to GDP, GDP3G is GDP growth, BISST is share of short-term BIS debt, and
STDTRS is short-term debt to reserves.

Figure 2 shows fundamental variables of Mexico before the Mexican crisis. Fiscal surplus and GDP
growth averaged 3% for the preceding three years indicate the favorable side of Mexico’ s macroeconomic
situation. However, unfavorable macroeconomic indicators of large current account deficit, trade deficits,

expansionary monetary policy and large short-term debt also exist.

3.2 Empirical results

Just as in section 2.2, we made two kinds of combination of variables to test various indicators of trade
contagion and financial contagion. The first one is that we combine fundamentals, various trade contagion
indicators with the financial contagion of common creditor indicator (BISAB). The probit model of the first

combination can be expressed as follows:

Crisis; = j, +z7:ﬂcZ”. + S TC, + B BISAB, + 1 an
c=1
where financial contagion variable is measured by the indicator of common creditor (BISAB), trade
contagion variable is measured by the indicator of direct trade contagion (DirectTrade), indirect trade
contagion (IndirectTrade), and total trade contagion (TotalTradel,TotalTrade?) respectively.
The second one is that we combine fundamentals, various trade contagion indicators with the financial
contagion of funds competition indicator (FundsCompi). The probit model of the second combination can

be expressed as follows:



4
Crisis: = ﬂo + z ,BCZC,,. + ﬂTCTCx + ﬂmFundscompi + 4, (18)
e=l

where financial contagion variable is measured by the indicator of funds competition (FundsComp), trade
contagion variable is measured by the indicator of direct trade contagion (DirectTrade), indirect trade
contagion (IndirectTrade), and total trade contagion (TotalTradel,TotalTrade2) respectively.

When calculating the indicator of DirectTrade,, TotalTradel, and TotalTrade2,, we remove the country of

Mexico because it is included in the “ground zero” country and the sample country simultaneously.

Results of the first combination

When financial contagion is measured by the common creditor indicator (BISAB), using probit model of
(17), we test the role of various trade contagion indicators, common creditor indicator, and fundamentals in
the transmission of Mexican crisis. Probit regression results of the first combination are shown in Table 9-
12.

In the case that trade contagion is calculated by the indicator of direct trade contagion, Table 9 shows that
when common creditor is entered alone in the regression, exports to GDP, fiscal balance to GDP, M2 to
GDP, GDP growth, share of short-term BIS debt, and short-term debt to reserves are significant. Common
creditor variable is significant while not correctly signed. When direct trade contagion is entered alone in
the regression, direct trade contagion is correctly signed, while it is not significant.

In the case that trade contagion is calculated by the indicator of indirect trade contagion, Table 10 shows
that when indirect trade contagion and common creditor variable are entered alone in the regression, each of
them has a significant effect, suggesting that each of them could be a sufficient channel in the transmission
of Mexican crisis. However, when both of them are entered in the regression, indirect trade contagion
becomes insignificant and common creditor variable is still significant. Part of the explanation lies in the
high correlation between indirect trade contagion and common creditor variable (see Table 11, correlation
coefficient of them is 0.8163). Among the fundamentals, exports to GDP, fiscal balance to GDP, M2 to
GDP, GDP growth, and short-term debt to reserves are significant in some regression results.

The regression result calculated by the indicator of TotalTradel contagion is similar to that by
TotalTrade2 contagion (see Tablel2). In the two cases, when total trade contagion is entered alone in the
regression, total trade contagion and most fundamental variables are significant. When common creditor is
entered alone in the regression, most fundamental variables are significant, common creditor is significant

while not correctly signed.

Resuits of the second combination™
Table 13 shows probit regression results of the second combination which is calculated by probit model
(18). In this combination, financial contagion is measured by the funds competition indicator (FundsComp;).

Results show that indirect trade contagion, total tradel contagion and total trade2 contagion are

12 Dye to lack of data, when calculating the variable of FundsComp, we remove the country of Costa Rica and Romania.



significant at 1%. Funds competition indicator is significant while not correctly signed in two regression

results. Most fundamental variables are significant.

Probit estimation results of the two combinations indicate that the occurrence of Mexican crisis can be
explained by fundamental variables primarily. Before the Mexican crisis, expansionary monetary policy
leads to the oversupply of money which resulted in a loss of reserves and a high current account deficit.
Government of Mexico finances the current account deficit by using capital inflows. In the inflowing
capital, short-term debt accounts for nearly half proportion. Decreasing foreign reserves is not adequate to
cover foreign debt which makes Mexico was vulnerable to speculative attacks. Therefore, when foreign
investors were afraid that Mexico could not repay its significant foreign debt and lost their confidence in the
economy, they began to withdraw funds which hasten the foreign reserve losses. The devaluation of peso
became inevitable in December 1994,

Estimation results suggest that Mexican crisis spread to other countries through trade contagion channel
and financial contagion channel. Via trade competition in the common export markets and competition for
funds in the common creditor, contagion makes other countries to experience a crisis too. Moreover, our
results show that indirect trade contagion variable and one of the indirect financial contagion variable—
common creditor—has relatively high correlation relationship. This may be a possible reason for that

indirect trade contagion becomes insignificant when common creditor is also included in the model.

4. Conclusion

In this paper, using some indicators of trade contagion and financial contagion calculated by various
methods, we test the role of trade contagion, financial contagion, and fundamentals in the propagation of
currency crisis. For the Asian, Russian, Brazilian and Argentinean crisis, panel probit regression is used on
30 emerging market countries. For the Mexican crisis, cross-section probit regression is used on 24
developing countries.

Results of the panel probit regression for the Asian, Russian, Brazilian and Argentinean crisis show that
trade contagion plays a significant role in the spread of these four crises. Crisis in one country may spread to
other countries through channels of bilateral and indirect trade linkages. Close trade linkages with the
country initially in crisis would increase one country’s vulnerability to crisis. Financial contagion is also
shown to be an effective channel in the transmission of these crises because it is significant when it is
entered in the model excluding the variable of trade contagion in two cases. Crisis in one country may
transmit to other countries because foreign investors possibly adjust their portfolios for risk management or
liquidity. Results also show that when trade contagion variable and financial contagion variable are entered
together in the regression, financial contagion becomes insignificant statistically. We consider that one
possible reason may be the relatively high correlation between some trade contagion indicator and financial
contagion indicator, and another possible reason is that the Brazilian crisis and Argentinean crisis are of
different type from the Asian crisis. Among the fundamental variables, external variables of current account

balance to GDP and exports to GDP are significant. These fundamental indicators could help to explain the



occurrence of crises.

The cross-section probit estimation for the Mexican crisis indicates that the fundamental variables play a
significant role in the occurrence of currency crisis. Either trade contagion or financial contagion could
explain the transmission of Mexican crisis. Through trade competition in the common export markets and
competition for funds in the major lender, crisis in one country may spillover to other countries.

This paper provides some empirical evidence about the occurrence and propagation of currency crises.
However, we have not considered financial contagion in the bond market and the stock market. On the other
hand, we have not included all of the probable fundamental factors, while, for example, the fourth
generation currency crises theories consider the institutional factors important in the occurrence of currency
crises. Adding the institutional factors to the model may be useful in the empirical analyses. These research

topics remain for future study.

Table 1 Crisis Countries in the Panel Probit Analysis (Crisis Index = 1)

Asian Crisis Russian Crisis Brazilian Crisis Argentinean Crisis
Latin America Chile Brazil Brazil Argentina
Colombia Colombia Chile Costa Rica
Costa Rica Uruguay
Ecuador Venezuela
Asia Indonesia Sri Lanka
Korea
Malaysia
Pakistan
Philippines
Singapore
Thailand
Transition Poland Czech Republic
Russia Hungary
Slovak
Middle East and Africa Kenya Israel Israel
the sum 10 5 7 6
Table 2 Table 3
Countries Used in Calculating Trade Contagion Countries Used in Calculating FundsComp
Ground Zero Country ( 0 country) Ground Zero Country ( 0 country)
the Mexican crisis Mexico the Mexican crisis Mexico
the Asian crisis Thailand the Asian crisis Thailand
the Russian crisis Russia the Russian crisis Russia
the Brazilian crisis Brazil the Brazilian crisis Brazil
the Argentinean crisis Argentina the Argentinean crisis Argentina
Common Export Markets ( k country) the common lender ( ¢ country)
the United States Canada France Switzerland
the United Kingdom Japan Germany the United Kingdom
France Spain Japan the United States
Germany China Netherlands
Italy
Export competition countries ( i country) Borrowing countries {  country)
Argentina Mexico Argentina Morocco
Brazil Morocco Brazit Pakistan
Bulgaria Pakistan Chile Peru
Chile Peru Colombia Philippines
Colombia Philippines Costa Rica Poland
Costa Rica Poland Ecuador Romania
Czech Republic Romania Hungary Russia
Ecuador Russia India Singapore
Hungary Singapore Indonesia Sri Lanka
India Slovak Republic Israel Thailand
Indonesia Sri Lanka Kenya Turkey
Israel Thailand Korea Uruguay
Kenya Turkey Malaysia Venezuela
Korea Uruguay Mexico
Malaysia Venezuela
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Table 9 Cross Section Probit Results of the Mexican Crisis

(the first combination, trade contagion is direct trade contagion)

Direct Trade Contagion

Dependent Variable:CRIIND Expected sign
Estimated Coefficient Estimated Coefficient
c —2.795* —16.415
(0.078) (0.406)
_ 17.42]1%** 8.566
Current account balance to GDP (0.004) (0.329)
_ —228.3]18%** —-93.782
Exports to GDP (0.004) (0.337)
. . —11.670%** —6.607
Fiscal balance to GDP (0.004) (0.353)
45.327%** 13.359
M2 to GDP + (0.003) (0.292)
_ —6.430*** —3.836
GDP growth (0.004) (0.316)
41.106%** 35.940
Share of short-term BIS debt + (0.007) (0.374)
2.893** —2.514
Short-term debt to reserves + (0.012) (0.496)
. . 10.621
Direct trade contagion + (0.386)
. —1457.313***
Common creditor + (0.004)
Diagnostic Test
Number of observation 23 23
Wald chi2(8) 35.83 26.97
Prob>chi2 0 0.0007
Log pseudo-likelihood -2.971 -3.02
Pseudo R2 0.563 0.556

Note: Probability levels of z-statistics in parentheses.

**x x* and * indicate significant at 1%, 5% and 10%, respectively.
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Data Appendix

Construction of the Variables and Data Notes™

Dependent Variable:

Exchange market pressure (EMP, sources only, see paper for constructiony—exchange rates (IFS) and

foreign reserves (IFS).

Independent Variables of probit approach:

1. Real exchange rate depreciation (RERG)—3-year log change of 12-month precrisis average of real
exchange rate. Real exchange rate is calculated by the author. The calculation method is shown in the
paper. National currency per US dollar and consumer prices used in calculating real exchange rate are
from IFS.

2 . Current account balance to GDP (BCAY)—ratio of precrisis current account balance to GDP ratio
(WEO).

3. Exports to GDP (XY3LG)—3-year log change of precrisis exports to GDP (WDI). However,
Singapore’ s data is calculated by the data from IFS.

4 . Fiscal balance to GDP (GGBY3)—3-year precrisis average of the general government balance (IFS)-to-

12 BIS is the Bank for International Settlements; IFS is the International Financial Statistics; WEO is the World Economic Outlook; WDI is
the World Development Indicators; GDF is Global Development Finance; DOTS is Direction of Trade Statistics.



GDP(IFS) ratio.

. M2 to GDP (M2YG)—3-year log change of ratio of precrisis M2 to GDP (WDI).

. GDP growth (GDP3G)—average 3-year precrisis real GDP growth (WDI).

. Share of short-term BIS debt (BISST)—precrisis short-term share of debt to BIS banks (BIS).

. Short-te‘rm debt to reserves (STDTRS)—log of ratio of precrisis short-term debt (GDF) to reserves(IFS)
ratio. Due to data availability problems, the data of Israel, Korea, and Singapore are from Deutsche
Bank Research.

9 . Trade contagion (DirectTrade, IndirectTrade, TotalTradel, TotalTradeZ)—the calculation methods are

W 3 O O

shown in the paper. The original data is from the IMF Direction of Trade Statistics.
10. Financial contagion (BISAB, FundsComp)—the calculation methods are shown in the paper. The

original data is from BIS.

Appendix 1 Cross-section Probit Estimation of the Asian Crisis,
Brazilian Crisis, and Argentinean Crisis

We apply cross-section probit regression for 30 emerging market countries which is same as in the panel
probit model during the Asian Crisis, Brazilian Crisis, and Argentinean Crisis to investigate the cause and

transmission of currency crisis.

1. Empirical estimation approach
1.1 Identifying crisis (the dependent variable)

The approach to build crisis index is similar to that in section 2.1.1. However, the sample period used to
construct the index of exchange market pressure (EMP) is ten years of monthly data just before each crisis
period™. The crisis period of the Asian crisis is July- December 1997, that of the Brazilian crisis is January-
June 1999, and that of the Argentinean crisis is January-June 2002. Therefore, the sample period used to
construct the index of EMP is July 1987-June 1997 in the Asian crisis, January 1989-December 1998 in the
Brazilian crisis, January 1992-December 2001 in the Argentinean crisis.

Equation (1) and (2) are used to calculate crisis index. Crisis countries during these crises are shown in
Appended Chart 1.

1.2 Probit model

Probit model is same as model of (15) and (16) in section 3.1.2. Explanatory variables x; include real
exchange rate depreciation, current account balance to GDP, exports to GDP, fiscal balance to GDP, M2 to
GDP, GDP growth, share of short-term BIS debt, short-term debt to reserves, trade contagion, and financial

contagion. The measurement of explanatory variables is same as that of panel probit model in section 2.1.2.

" The choice of the sample period is following Sachs, Tornell, and Velasco (1996) and Hatori (2002a). The opinion of "ten years of
monthly data" is from Sachs, Tornell, and Velasco (1996), the opinion of "just before each crisis period" is from Hatori (2002a).



2. Comparison of the Asian Crisis, Brazilian Crisis,
and Argentinean Crisis

To compare the Asian Crisis and Brazilian Crisis, Argentinean Crisis, firstly, we will compare the
difference of fundamental variables before these crises. Then we will compare the cross-section probit

estimation results of these crises.

Appended Chart 1 Crisis Countries in the Cross-section Probit Analysis (Crisis Index=1)

Asian Crisis Brazilian Crisis Argentinean Crisis
Latin America Chile Brazil Argentina
Colombia Chile Costa Rica
Costa Rica Uruguay
Ecuador Venezuela
Asia Indonesia Pakistan Sri Lanka
Korea
Malaysia
Pakistan
Philippines
Singapore
Thailand
Transition Czech Republic Czech Republic
Hungary
Slovak
Middle East and Africa Kenya
the sum 11 8 6

2.1 Difference of precrisis fundamental variables

In the Asian crisis, crisis countries of Indonesia, Korea, Malaysia, Philippines, Singapore and Thailand
are chosen because severe crises occurred in these countries. Fundamental variables of these countries
before the Asian crisis are shown in Appendix Figure 1. From these fundamental variables, we could have
two conclusions. The first one is that economic situations of these countries were well before the Asian
crisis. Increasing exports relative to GDP during the three years prior to the onset of crisis, precrisis general
government fiscal surplus, and rapid GDP growth in the three years prior to the crisis show that
fundamentals of these Asian countries were nicer. The second one is that there were some hidden troubles
of these economies. Before the Asian crisis, high GDP growth rate were accompanied by large current
account deficits which were mainly financed by short-term foreign capital inflows. Large inflows of foreign
funds resulted in a growth in money supply. In Appendix Figure 1, current account deficit, the growth of
M2 relative to GDP, and high short-term share of debt to BIS banks before the crisis confirm the hidden
troubles.

In the Brazilian crisis, we select the country of Brazil. Fundamental variables before the Brazilian crisis
are shown in Appendix Figure 2. There were large current account deficits and general government fiscal
deficits before the crisis. The large current account deficits and fiscal deficits were financed by inflowing of

foreign capital, resulted in rising external indebtedness. These fundamental variables indicate the



deterioration of Brazilian economy before the Brazilian crisis.

Appendix Figure 3 shows fundamental variables before the Argentinean crisis. Overvaluation of the
currency, Current account deficits, government fiscal deficits, and stagnant economic growth show the weak
fundamentals before the crisis. Capital inflows resulted in growing external debt. Weak fundamentals and
the growing foreign debt liabilities led to fears of debt default on the part of investors.

Via Comparison the fundamental variables before the Asian Crisis and Brazilian Crisis, Argentinean
Crisis, we conclude that though there were some hidden troubles in Asian countries, the macroeconomic
situations were well before the Asian Crisis. On the contrary, the domestic fundamentals were weak in

Brazil and Argentina before the Brazilian Crisis and Argentinean Crisis.

Appendix Figure 1 Fundamental Variables before the Asian Crisis
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Appendix Figure 2 Fundamental Variables before the Brazilian Crisis

Fundamenta! Variables of Brazil
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Note: RERG is real exchange rate depreciation, BCAY is current account balance to GDP,
XY3LG is exports to GDP, GGBY3 is fiscal balance to GDP, M2YG is M2 to GDP,
GDP3G is GDP growth, BISST is share of short-term BIS debt, and STDTRS is short-term
debt to reserves.

Appendix Figure 3 Fundamental Variables before the Argentinean Crisis

Fundamental Variables of Argentina
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Note: RERG is real exchange rate depreciation, BCAY is current account balance to
GDP, XY3LG is exports to GDP, GGBY3 is fiscal balance to GDP, M2YG is M2 to
GDP, GDP3G is GDP growth, BISST is share of short-term BIS debt, and STDTRS is
short-term debt to reserves.

2.2 Difference of cross-section probit estimation results

Cross-section probit estimation results are shown in Appended Chart 2-7.

As in section 3.2 of the text, we made two kinds of combination of variables to test various indicators of
trade contagion and financial contagion. The probit model of the first combination is same to equation (17).
The probit model of the second combination is same to equation (18).

From the probit results of the Asian crisis shown in Appended Chart 2-3, we find that financial contagion
play a significant role in the spillover of crisis. One indicator of financial fragility—short term debt to
reserves—is also significant in one case. These may indicate that the Asian crisis is capital account crisis
basically. Before the Asian crisis, there were large capital inflows in the Asian countries from the financial
institutions of developed countries. Among these developed countries, the loans from Japan account for
very large share for the Asian crisis countries before the Asian crisis. According to Ogawa and Kumamoto
(2000), before the Asian crisis, the share of loans from Japan to its total loans outstanding is about 60% in
Thailand. The same share is about 40% in Indonesia, 40% in Malaysia, 30% in Korea, 10~20% in
Philippines. Southeast Asian countries concentrating on the same common creditor increased financial
fragility of them. Moreover, large short-term debts make these countries vulnerable to the reversal of capital

flows. Therefore, when crisis occurred in Thailand, the other Southeast Asian countries may suffer financial



contagion through the portfolio adjustment by Japan to Thailand through financial contagion channel. Probit
results of the Asian crisis show that trade contagion is not significant. This may be due to those exports to
Thailand constituting small fraction of total exports from other East Asian crisis countries. The trade
connections between East Asian countries were not strong. This may be the reason that trade contagion
channel did not play significant role in the spread of the Asian crisis. Otherwise, fundamental variable of
exports to GDP is significant. Therefore, although trade contagion channel play limited role in the
transmission of Asian crisis, the change of precrisis exports to GDP could explain the occurrence of crisis.

Probit results of the Brazilian crisis shown in Appended Chart 4-5 suggest that trade contagion could
explain the spread of crisis. Financial contagion is not significant in some cases and significant while not
correctly signed in some cases. Fundamental variables of current account balance to GDP and short-term
debt to reserves play some role in the occurrence of crisis.

Probit results of the Argentinean crisis shown in Appended Chart 6-7 also suggest that trade contagion is
significant, financial contagion is not significant in some cases and significant while not correctly signed in
some cases. Most fundamental variables of current account balance to GDP, exports to GDP, fiscal balance
to GDP, M2 to GDP, GDP growth and short-term debt to reserves are significant.

Empirical results of the Brazilian crisis and Argentinean crisis indicate that weak fundamentals before the
crises play significant role in the occurrence of crises. During the Brazilian crisis and Argentinean crisis,
crisis countries have relatively high trade linkages. This may result in crises spread to other countries by
trade contagion channel.

During the Brazilian crisis and Argentinean crisis, financial contagion channel did not play any role in the
spread of these crises. There are several possible explanations for this. Firstly, the Latin American crisis
countries did not concentrate their loans to the same common creditor so much as those East Asian countries
did before the Asian crisis. This weakened the role of indirect financial linkages, that is, competition for
funds in the common creditor. Secondly, after experiencing the Mexican crisis, Asian crisis, and Russian
crisis, the international investment environment had changed much before the Brazilian crisis and the
Argentinean crisis. In the late 1990s, investors retrenched funds from many emerging markets and
commercial banks reduced the volume of short-term loans to emerging countries. This makes the risks were
reduced from banks withdrawing their credit during the Brazilian crisis and Argentinean crisis. Comparing
the short-term debts to BIS banks and short-term debt to reserves as shown in Appendix Figure 1 and
Appendix Figure 2-3, we can see that the volume of short-term debts before the Brazilian crisis and
Argentinean crisis were smaller than that before the Asian crisis. Thirdly, international investors have
improved their approach to risk analysis. Improved information makes it possible for investors to
discriminate between emerging countries, instead of treating all countries in one region as a group.

Via comparison of the Asian crisis and the Brazilian crisis, Argentinean crisis, we know that the Asian
crisis could be considered as a capital account crisis, while the Brazilian crisis and Argentinean crisis are
current account crises essentially, the occurrence of these two crises are due to weak domestic fundamental

mostly.
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