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RESUMO

O artigo estuda a ocorréncia de contdgio entre as trés principais economias da América
Latina na segunda metade dos anos 90. O estudo baseia-se na andlise do mercado de
Brady Bonds do Brasil, México e Argentina. Trés metodologias sGo aplicadas para medir o
efeito contdgio: correlagdo dos precos dos Bradies, andlise do comportamento dos residuos
de regressoes estimadas e extracdo de sinal a partir do filtro de Kalman.
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ABSTRACT

The article investigates the occurrence of contagion among the three main economies of Latin
America during the second half of the 90’s. The investigation is based on the Brady Bonds
market for Brazil, Mexico and Argentina. Three methodologies are applied to quantify the

contagion effect: correlation of Brady Bonds price, analyses of residuals of estimated
regressions and signal extraction analyses through the Kalman filter.
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INTRODUCTION

During the 1990’s, the international financial market went through crises
that placed Latin America in a way of economic instability. In response to
a succession of balance of payments crises the influx of external capital to
the region, that reached record levels in the first half of the decade, was
strongly reduced in the second half.

In spite of balance of payments crises not being anything new in the region,
two new characteristics are observed in the nineties. First, the simultaneous
occurrence of crises in the balance of payments and in the banking system

and, second, the strong tendency of individual crises to become general.

Investors aiming at reducing risks diversity their portfolios in the
international market but information costs and market incentives make them
treat different countries in a similar way, generating investment decisions

of the type of domino effect or contagion effect.

The contagion can happen for several reasons, which can be divided into
two main categories. The first category relates to the interdependence of
markets, with the argument that the contagion is just a shock transmitted
to other regions due to the high degree of economic connection among
them. The second one is based on the principle that contagion represents a

co-movement that is not explained by fundamentals.

The present article studies the occurrence of financial contagion between
Latin America’s three main economies in the second half of the nineties.
The methodology used is based on the analysis of the Brady Bonds Market
tor Brazil, Mexico and Argentina. In this case, the evidence of contagion
effect would happen if there were variations in the prices of the Bonds not

explained by fundamentals.

The contagion tests are divided into three categories. The first one will be
based on the analysis of correlation of the prices of the Bradies of the three
countries, observing if there were increments in these coefficients in periods

of crises. The second test will be based on the verification of the behavior
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of the residues of estimated regressions. The objective is to check if there
were increments in the residues during the crises. The last test will be based
in the use of the Kalman Filter with the objective of extracting a proxy for
the contagion effect from the residues of the regressions and in this way to
check its behavior in the period 1995 - 2000.

Section 1 discusses the contagion concept and section 2 presents empirical
tests to identify it. In section 3, the results of the tests performed in the

present study are presented. The following section concludes the article.

1. CONTAGION EFFECT

The balance of payment crises of the last years, such as the Mexico crisis in
1994, the one in Asia in 1997 and, more recently, the one in Russia in
1998 and the one in Brazil in 1999 generated adverse effects on almost all

of the world emerging economies.

The extent of these manifestations reached several countries, which attracted
the attention of the literature in the sense of developing models to evaluate
the transmission mechanisms and the economic repercussion of those cri-

SCS.

Although there is not a consensus concerning the correct definition of the

contagion effect, there are several attempts to characterize this phenomenon.

Kaminsky and Reinhart (1999) define contagion as the increase in the
probability of occurrence of a crisis as reflection of the occurrence of a
crisis in another country. In a similar way, Rigobon and Forbes (2000)
consider it the propagation of shocks that can not be explained by

fundamentals.

Another class of contagion definitions is related to the presence of co-
movements in the paths of certain macroeconomic variables of different
countries. Rigobon and Forbes (2000), however, link the occurrence of

co-movements to the existence of economic and financial integration, both
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in periods of crises and in periods of calms, arguing that this behavior

should not be related to the contagion effect.

Although the exact causes of this phenomenon are unknown, there are some
theoretical explanations for its occurrence. According to Dornbusch, Park
and Claessens (2000), they can be divided into two classes: one originating

from the fundamentals and the other from the investor’s behavior.

In the first class, the contagion effect can arise from common shocks,
commercial links and financial connections. The common shocks are
characterized by the adverse eftects of crises of international extents on the
capital influx to the emerging countries. An increase in the United States
interest rate is a good example o such a shock. In the case of commercial
and financial connections, a crisis in a certain country can end up affecting

the economic foundations of a second one.

In relation to the second class, the one originating from the investor’s
behavior, the contagion can arise from liquidity and incentives problems,
caused by asymmetric information and coordination problems, from the

existence of multiple equilibrium and from changes in the rules of the game.

The first class is explained like this: a crisis happened at a certain country
could generate financial losses to the investor, this causes him to sell his
assets from other countries to replace his net positions. This tendency to
sell assets in a same period of time can also be connected to problems of

incentives to the market operators.

The second class is connected to asymmetric information and coordination
problems of the investors. In absence of information, a financial crisis can
make the investors associate such fact to other countries, believing that
they are going through similar problems. This transmission channel shows
us that the investors have imperfect information about the characteristics

of each country.

The third explanation for contagion eftect, related to the investors’ behavior,

includes the existence of multiple equilibrium. In this scenario, the
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contagion arises when a crisis in a certain country causes another country
to move to a new point of equilibrium, where there is a fall in the price of

the assets and capital flight.

The fourth and last explanation occurs when the investors change their
expectations of the rules of the game. For example, the default in Russia
increased the investors’ expectation that other countries could take the same

action adopted by this country.

2. TESTS OF CONTAGION

The literature divides the tests of occurrence of contagion etfect into four

main groups.

Firstly, we have the contagion tests that are based on the correlation analysis
between different markets. In such tests, if there are increments in the
correlation coefficients during a period of crisis, then there are evidences of

occurring the contagion effect.

Articles such as those of Calvo and Reinhart (1996), Valdes (1997) and
Baig and Goldfajn (1998) evidenced the existence of contagion according
to such methodology.

The article of Calvo and Reinhart (1996) tested the occurrence of contagion
effect for some countries in Asia and Latin America, through correlation
test between the returns of the Brady Bonds. The authors observed
evidences of co-movements between the returns of the Bradies during the
Mexico Crisis. They also confirmed that these co-movements presented
distinct behaviors, suggesting that the contagion occurs more as a regional

problem than as a global one.

On the other hand, Valdes (1997) and Baig and Goldfajn (1998) verified
the existence of the contagion effect for some countries in Latin America
during the Mexico Crisis through correlation analysis, and concluded that

these shocks are basically spread through financial intermediation.
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Although this type of test is the most used in empirical works about
contagion effect, there is criticism of this methodology. According to
Rigobon and Forbes (1998), an increment in the correlation between
markets is not itself a proof of the existence of contagion effect, since if
certain markets are historically correlated, a variation in a country will

naturally cause variations in the other.

A second class of tests is based on the existence of spillovers in the volatility

of assets’ prices.

Edwards (1998) used this methodology to verity the occurrence of
contagion among Mexico, Argentina and Chile, when investigating the
effects of increments in the Mexican interest rate on these two economies.
Park and Song (1999) also employed this instrument to evaluate spillovers
in the exchange rates of certain Asian countries during the crisis in this
region. The authors concluded that a crisis in a certain country generates

an increase in the probability of occurrence of crises in other countries.

A third class of tests is based on measures of the mechanisms of propagation

of exogenous events, such as shocks in different countries.

The basic idea is to estimate the probability of occurrence of a crisis,

dependent on the existence of crises in other countries.

An advantage of these tests is to investigate the channels of transmission of
the contagion. Kaminsky and Reinhart (1998) and Baig and Goldfajn
(1998) used this technique and verified increments in probability during

crises.

In the article of Kaminsky and Reinhart (1998), the authors identify the
occurrence of contagion through the construction of an index that sensed

the fragility of the economy about to have an international crisis.

Finally, the fourth class of tests of occurrence of contagion effect is based

on the analysis of influxes of capitals.
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Froot, O’Connell and Seasholes (1999) analyzed the influxes of capitals
for certain countries, in the period from 1994 to 1998 and they found
strong evidences of the contagion effect, arguing that the investors’ actions

would be an important channel of transmission of the shocks.

The present work aims at detecting the presence of the contagion effect by
conducting three different tests. The first test will deal with the correlation
between the prices of the Bradies. The second one is based on the analysis
of the behavior of the residues of regressions estimated for the prices of
them. The last test is based on the use of the Kalman Filter to extract the

component of the contagion effect from these residues.

3. EMPIRICAL RESULTS

The basic mechanism of formation of prices of the Bradies is defined by

the international parity of the interest rates:

i=i" +AE+RP (1)

where:

1: internal interest rate;

1*: external interest rate;

AE: expected exchange rate variation;

RP: risk premium.

Since the prices of the Bonds are specified in dollars and the exchange risk

is zero we will have:
i=i"+RP (@)
Following what was proposed by Erb, Harvey and Viskanta (1996), we

will model the risk premium as being the combination of two risks, one

economic and other financial. So, we will have:
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RP=f (ER,FR) )

where:
ER: Economic Risk;
FR: Financial Risk.

Still following what was proposed by Erb, Harvey and Viskantas (1996)
and also by Edwards (1984), we will consider that the economic risk and

the financial risk are a function of the following variables:

eR =1 (6p R Voo Peor Yepp M 0n REOPGS] (4

RF =f(RI,FD) (5)
where:
D/GDP: ratio of foreign debt to GDP;
RES/M: ratio of reserves to imports;
I/GDP: ratio of investment to GDD;
CA/GDP: ratio of current account to GDP;
DP/PIB: ratio of public deficit to GDP;
MM: inflation rate;
0,: standard deviation of inflation rate;
RE: real exchange rate;
TO: degree of trade opening;
GS: government size;
RI: real interest rate;

FO: degree of financial deepening.

Combining the equations (2) and (3) and since the variables are in logarithm

form, we will have:
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i, =i} +f(ER,FR) (6)

Assuming that i* is fixed and that there is an inverse relation between the
assets” revenue and its price, we will get the final formulation of the

econometric model to be estimated:
P, =By +BLER; +B,FR; +¢€; (7)

The index ¢ represents the three countries: Argentina, Brazil and Mexico,
and P_are the prices of the Par Bonds' for the period from January 1995 to
December 2000.

The equations to be estimated are:

log Py =By +B,ER A +B,FR + €
lOgPBt :ao +alERBt +a2FRBt +th (8)
logPy: =Y, +ViERy +Y,FRy, + €y,

Firstly we tested the stationarity of the series. The test adopted is the
Augmented Dickey-Fuller Test (ADF).

The results (see Appendix) demonstrate the existence of stationary and
non stationary series. When applying the first difference we will have the
rejection of the null hypothesis of unitary root for the initially not stationary

series.

The second step in the empirical treatment was to estimate the previous
specitied equations. We decided to adopt relations of Autoregressive
Distributed Lag (ADL) type.

1 We are grateful to Prof. Marcelo Portugal for providing the series of the Par-bonds. The Par-
Bonds are those Brady Bonds trade by their face value at the moment of debt negotiation.
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The procedure used was to go from a general model to a specific one,

where we eliminated the statistically insignificant variables in the model

The results of the estimations, presented in the Tables 1, 2 and 3,
demonstrate that there is no homogeneity in the parameters that explain
the prices of the Bradies in the three countries.

TABLE 1 - ARGENTINA

Dependent Variable: LGPAR
Sample(adjusted): 1995:03 2000:12
Included observations: 70 after adjusting endpoints

Variable Coefficient Std. Error  t-Statistic ~ Prab.
C 0.292635 0.088321 3.313297 0.0015
LGPAR(-1) 0.829632 0.052326 15.85522 0.0000
DLGRAR 0.083085 0.035708 2.326780 0.0232
DLGRIAR -0.119837 0.036018 -3.327102 0.0015
LGGSAR(-2) -0.100560 0.055103 -1.824949 0.0728
LGFOAR(-1) 0.090825 0.044978 2.019332 0.0477
LGTOAR(-1) 0.126097 0.068875 1.830802 0.0719
R-squared 0.949 Mean dependentvar ~ 1.800
Adjusted R-squared 0.944  S.D. dependent var 0.067
S.E. of regression 0.015  Akaike info criterion -5.354
Sum squared resid 0.015 Schwarz criterion -5.129
Log likelihood 194,413  F-statistic 196.233
h - Durbin 1.749  Prob(F-statistic) 0.000

Where:

LGPAR(-1): Price of the bond with a time lag of 1 period.

DLGRAR: Variation in the ratio of reserves to imports.

DLGRISAR: Variation in the real interest rate.

LGGSAR(-2): Size of the of the Government with a time lag of 2 periods.
LGFOAR(-1): degree of financial deepening with a time lag of 1 period.
LGTOARC(-1): degree of trade opening with a time lag of 1 period.
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TABLE 2 - BRAZIL

Dependent Variable: LGPBR
Sample(adjusted): 1995:03 2000:12
Included observations: 70 after adjusting endpoints

Variable Coefficient  Std. Error  t-Statistic ~ Prob.
C 0.136417 0.053015 2.573159 0.0124
LGPBR(-1) 0.911918 0.030258 30.13793 0.0000
DLGRIBR -0.095948 0.037024 -2.591492 0.0118
DLGREBR -0.264202 0.122142 -2.163063 0.0342
LGISDBR(-2) -0.009334 0.004999 -1.867234 0.0664
R-squared 0.937 Mean dependentvar  1.780
Adjusted R-squared 0.933  S.D. dependent var 0.068
S.E. of regression 0.017  Akaike info criterion -5.158
Sum squared resid 0.020  Schwarz criterion -4.997
Log likelihood 185.549  F-statistic 242.598
h - Durbin 0.956  Prob(F-statistic) 0.000

Where: LGPBR(-1): Price of the bond with a time lag of 1 period. DLGRIBR: Variation in the real
interest rate. DLGREBR: Variation in the real exchange rate. LGSDIBR(-2): Standard
deviation of the inflation rate with a time lag of 2 periods.

TABLE 3 - MEXICO

Dependent Variable: LGPMX
Sample(adjusted): 1995:03 2000:12
Included observations: 70 after adjusting endpoints

Variable Coefficient  Std. Error  t-Statistic ~ Prob.
C 0.173380 0.069077 2.509935 0.0146
LGPMX(-1) 0.885460 0.035329 25.06338 0.0000
DLGRSMX -0.138504 -0.024205 -5.722217 0.0000
LGTOMX(-1) 0.096166 0.043455 2.212992 0.0305
LGINVMX 0.031332 0.016293 1.923059 0.0589
DLGRMX(-2) 0.046969 0.017410 2.697765 0.0089
R-squared 0.961 Mean dependentvar  1.869
Adjusted R-squared 0.958 S.D. dependent var 0.060
S.E. of regression 0.0121  Akaike info criterion -5.878
Sum squared resid 0.009  Schwarz criterion -5.685
Log likelihood 211.732  F-statistic 322.499
h - Durbin 0.799  Prob(F-statistic) 0.000

Where: LGPMX(-1): Price of the bond with a time lag of 1 period. DLGRIMX: Variation in the real
interest rate. LGTOMZX(-1): degree of trade opening with a time lag of 1 period. LGINVMX:
Ratio of Investment to GDP - gross domestic product. DLGRMX(-2): Variation in the ratio of
reserves to imports with a time lag of 2periods.
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Analyzing the signs of the variables in the regressions, we observe that
all have the expected signs. The variable real interest rate presents a
negative sign for all the three estimated regressions, indicating that
increments in this variable affect the credibility of the three countries

analyzed negatively.

We will begin by analyzing the correlations among prices of the Brady

Bonds of the 3 countries.

The strategy employed will be to recursively calculate the correlation
coefficients, starting from the first 5 months and the following consecutive
inclusion of each month in the 1995-2000 period. The objective is to
obtain a path of the correlations along the time and to verify their behavior
in the moments of crises.

Observing Figure 1 below, we can detect high correlation coefticients

between Brazil - Argentina and Brazil - Mexico, even in calm periods.

It can also be observed that there was an increasing trend in the
correlation coefticients for the period from January 1996 to December

1998 and a decreasing one for the following period.

Analyzing the crises in Asia (August 1997) and in Russia (August 1998),
we can notice that in the first crisis there are increments in the coefficients

while in the second one they changed very little.

FIGURE 1 - CORRELATION OF THE BRADIES
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In the case of the crisis in Brazil in February 1999, we can observe a
continuous trend in the fall of the Brazil-Mexico coefficient and a stability
of the Brazil-Argentina coefficient. This result would indicate a process of
learning of the market with reduction of the contagion eftect, as well as a

detachment of the Mexican economy with regard to the others.

The second technique of analysis of the contagion effect consists of verifying

the behavior of the residues in the periods of crisis.

The methodology used will be based on the argument that in periods of
crisis there is a reduction in the price of the Bradies which is not justified
by fundamentals. Therefore, if in a period of crisis there is an increase in

the residues, then there is evidence of the presence of contagion.

The empirical procedure consists of estimating the equations (8), previously
defined, and saving the residues so as to analyze their behavior along the

time.

FIGURE 2 - EVOLUTION OF THE RESIDUES
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In the Asian Crisis we can observe that the country most affected was
Argentina, followed by Brazil and, finally, Mexico. It must be emphasized
that, during this period, there was an increment in the residues of the two
South American countries while there was a fall in the residues for Mexico.

The effects are similar for the case of the Crisis in Russia.

During the crisis in Brazil, the effects on Argentina and Mexico are small.
For Brazil, there is a strong increase in the residue. This result suggests that
the fundamentals were not able to explain the variation in the prices of the
Brady of the country at that moment. The Brazilian crisis would then be
best explained by second generations models of exchange rate crisis in which

expectations prevail over fundamentals.

Finally, a reduction of the residues is observed in the recent period, what
would be compatible with a process of reduction in the contagion effect in

the region.
The third contagion test is based on the technique of sign extraction.

The methodology employed will be implemented by using the Kalman
Filter to extract the contagion component from the residues of the
estimated regressions. The basic idea will be to apply the algorithm
developed by Kalman in order to obtain the path of the transitory
component of the series of residues that is connected with the contagion
effect.

The estimated equations will be:

U, =C t&;
C,i =Ciy Ty ©)

where it is assumed that w_and € are independent random variables
with distribution w~N(0,R) and € ~N(0,S), C, represents the variable
not directly observable of contagion which we want to estimate, and U is

equivalent to the residues previously estimated.
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To implement the filter we will postulate some initial hypotheses. Firstly,
we will adopt the beginning period of the filter in July 1995 and that at
this moment the contagion is null. Such hypothesis is based on the idea
that at this time there are no evidences of the presence of the contagion
effect. We will also postulate that the variance at this same moment is equal
to 1 and that the contagion follows a normal distribution. Therefore, at the
first instant the contagion has a normal distribution with mean 0 and

variance 1.

A second hypothesis concerns the determination of the value of S. Its
value is based on what was proposed by Portugal (1996). According to
that, the ratio of R to S should be small in order to obtain not very
oscillatory behavior in the state variable and, since by definition the
contagion is a variable that does not oscillate very much, we opted to
define as being 1 and, by doing so, we keep the R/S ratio small. So,
considering the second hypothesis, the random variable w, ~N(0,1)

The third and last hypothesis relates to the value of R. As the residues
tollow the same distribution of €, its value will be obtained directly from

the series of the residues of each country.

The general results of the application of the Filter are presented in Figures
3,4 and 5.

FIGURE 3 - CONTAGION IN ARGENTINA
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FIGURE 4 - CONTAGION IN BRAZIL
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FIGURE 5 - CONTAGION IN MEXICO
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The graphs show that the contagion effect reaches a maximum during

the crisis in Russia, with Argentina and Brazil having been the most

affected. We can also observe that before the three crises, the value of the

contagion was approximately zero. Moreover, we can also notice the

repetition of the trend in reduction in the contagion in the recent period.

The case of Mexico shows that the contagion can be negative, indicating a

beneficial contagion, since there is evidence of valuation, and not

devaluation, of the Bradies not explained by fundamentals.
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CONCLUSIONS

Three tests were developed in this article to detect the presence of
contagion effect in the three main economies of Latin America. The first
test was based on the correlation analysis between the prices of the Brady
Bonds. The second one was based on the analysis of the behavior of the
residues of regressions estimated for the prices of the Bradies and, finally,
the third test was based on the use of the Kalman Filter to extract the

contagion effect component from the residues.

In the first test, an increase in the correlation coefficient would indicate
signs of herd behaviour of the investors and, consequently, an indicator

of the occurrence of the contagion effect.

For the second test of contagion, the methodology used was based on the
argument that in periods of crisis, there is a reduction in the price of the
bradies which is not justified by fundamentals. Therefore, if in a period of
crisis there is an increase in the residues, then there are evidences of the

presence of contagion.

The two class of test pointed for the presence of contagion in all three
crises happened in the period, with the crisis in Brazil having been the least

serious.

The third and last test of occurrence of the contagion effect was based on
the application of the technique of sign extraction. The basic idea consisted
of applying the Kalman Filter to extract the contagion component from
the residues of the estimated regressions. In this case, we noticed that the
Crisis in Russia was the one which caused the largest contagion effect and

that there is a recent trend in reduction of such effect.
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APPENDIX

DICKEY - FULLER TEST

TESTE ADF
Series Test Critical Values
5% 10%

Bond Price

Argentina Level -3.83 -2.90 -2.58

Brazil Level -3.48 -2.90 -2.58

Mexico Level -3.59 -3.47 -3.16
Debt/GDP

Argentina 1stdifference -5.20 -1.94 -1.61

Brazil 1stdifference -4.75 -1.94 -1.61

Mexico 1stdifference -4.68 -1.94 -1.61
Reserves/Imports

Argentina 1stdifference -4.53 -1.94 -1.61

Brazil 1stdifference -5.72 -1.94 -1.61

Mexico 1stdifference -4.73 -1.94 -1.61
Investment/GDP

Argentina Level -4.64 -3.47 -3.16

Brazil Level -4.67 -3.47 -3.16

Mexico Level -5.53 -2.90 -2.58
Inflation Rate

Argentina Level -6.61 -3.47 -3.16

Brazil Level -4.40 -3.47 -3.16

Mexico Level -3.20 -2.90 -2.58
Standard Deviation of inflation rate

Argentina Level -5.13 -2.90 -2.58

Brazil Level -6.30 -2.90 -2.58

Mexico Level -4.00 -3.47 -3.16
Real exchange rate

Argentina 1stdifference 3.63 -1.94 -1.61

Brazil 1stdifference -4.11 -1.94 -1.61

Mexico 1stdifference -4.09 -3.47 -3.16
Degree of trade opening

Argentina Level -5.62 -1.94 -1.61

Brazil Level -2.60 -2.90 -2.58

Mexico Level -6.04 -2.90 -2.58
Government size

Argentina Level -6.12 -3.47 -3.16

Brazil Level -5.15 -1.94 -1.61

Mexico Level -4.08 -3.47 -3.16
Real interest rate

Argentina 1stdifference -4.50 -2.90 -2.58

Brazil 1stdifference -4.74 -1.94 -1.61

Mexico 1stdifference -5.30 -1.94 -1.61
Degree of financial deepening

Argentina Level -3.59 -3.47 -3.16

Brazil Level -3.15 -2.90 -2.58

Mexico Level -5.23 -2.90 -2.58
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