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This paper investigates the nature of volatility spillovers between stock returns and
a number of exchange rates in six Latin American countries and one European
economy in the 1998-2006 period. We divide our sample into sub periods, prior
to and after the introduction of the Euro and we apply the EGARCH methodology
to model volatility. Our results show that the volatility of stock returns affects the
volatility of exchange rates; however, we do not find evidence of volatility trans-
mission in the opposite direction.
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1. INTRODUCTION

The aim of this paper is to investigate the extent of volatility spillovers
between stock returns and exchange rate changes for six Latin American finan-
cial markets namely, Argentina, Brazil, Chile, Colombia, Mexico, and Venezuela
and one European financial market, Spain, and a number of exchange rates. Our
objective is to identify whether the volatility spillovers between stock markets
and exchange rates vary across currencies, and to investigate how this has been
affected by the introduction of the Euro.

Being aware that the existing literature has focused its attention in the
analysis of the impact of the American Dollar in Latin American stock markets,
we consider of importance to analyse the impact of the Euro in these markets.
Therefore, the Spanish market was selected to be added to the sample countries,
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due to the fact that Spain is one of the European countries that have important
investments in Latin America.

Several theoretical models have found empirical evidence that the exchange
rate between two currencies is affected by stock price changes in the respective
countries; for example, Zapatero (1995) shows that in fully integrated financial
markets, there is an explicit linkage between the volatility of stock prices and the
volatility of the exchange rate. More recently, Yang and Doong (2002) note that given
the rapid integration and deregulation of international financial markets in recent
years, exchange rates have become more sensitive to stock market innovations.

A number of studies have investigated the extent of volatility spillovers
between stock markets and exchange rates (see for example, Yang and Doong,
2004; Kanas, 2000, 2002). However no study to date has specifically investigated
volatility spillovers between stock markets and exchange rates in Latin America,
or examined how these spillovers have been affected by the introduction of the
Euro. In addition to this, there is a lack of evidence generally on the effect of ex-
change rates other than the domestic currency on stock returns; existing research
has focused exclusively on spillovers between the domestic currency and the
stock market countries. Our motivation for including a number of currencies is
that despite the apparent symmetry in bilateral exchange rates, currencies are not
symmetric, and some have grater economic importance than others (Wang and
Yang, 2006). This base currency effect is similar to the volatility feedback effect
in equity markets and is likely to be stronger in some currencies than in others.
Therefore, we address the gap in the literature in this area by conducting an in
depth analysis of the relationship between these two variables, with the objective
of also adding to the general literature in this area investigating spillovers between
stock markets and exchange rates.

The layout of this paper is as follows. Section 2 sets out the theoretical
and empirical evidence on the nature of linkages between stock markets and
exchange rates. In Section 3 we describe the methodology we use to assess the
nature of volatility spillovers between the stock and foreign exchange markets and
we discuss our data. Section 4 present empirical results and Section 5 concludes
the analysis.

2. INTERLINKAGES BETWEEN STOCK MARKETS AND CURRENCY
MARKETS: PREVIOUS EVIDENCE

A number of theoretical models have focused on the link between stock
markets and currency markets. The asset market approach to exchange rate deter-
mination (Branson, 1983; Frankel, 1983) posits that causality will run from stock
prices to exchange rate changes as expectations of financial asset price movements
affect the dynamics of exchange rates. Smith (1992) derives an estimable equation
for the exchange rate where the stock price is included as an explanatory variable.
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In contrast, the goods market approach suggests causality runs in the opposite
direction, from exchange rates to stock prices (Mundell, 1963, 1964; Dornbusch
and Fisher, 1980). In these models, movements in exchange rates affect the in-
ternational competitiveness of firms, which affects real income and output and
eventually stock prices.

Much of the available empirical evidence on the linkages between stock
markets and exchange rates has concentrated on the first moments'. Yang and
Doong (2004) note that there is a dearth of empirical evidence that concentrates
on the linkages between the second moments of the distribution of the variables.
A number of studies however have examined the extent to which volatility from
one stock market spills over into other stock markets or between different assets?.
Kanas (2000) was one of the first studies which analysed volatility spillovers from
stock returns to exchange rate changes in the USA, the UK, Japan, Germany,
France and Canada. He found evidence of spillovers from stock returns to ex-
change rate changes for all countries except Germany, suggesting that the asset
approach to exchange rate determination is valid when formulated in terms of
the second moments of the exchange rate distribution for the countries included
in his analysis. Volatility spillovers from exchange rate changes to stock returns
were insignificant for all countries.

Assoé (2001) investigates the dynamic interrelationship between exchange
rate changes and stock market performance in eleven emerging markets and five
developed markets, using a trivariate Exponential-GARCH model. His results
indicate that shocks in foreign exchange markets significantly increase volatil-
ity in emerging stock markets. He also found evidence of asymmetric volatility
spillover from FX markets to stock markets for some of the countries that were
included in his analysis. The asymmetric nature of volatility transmission sug-
gest that investors in these markets react more to adverse innovations in foreign
exchange markets than to positive shocks.

Yang and Doong (2004) explored the nature of the mean and volatility
transmission mechanism between stock and foreign exchange markets for the G-7
countries. The results point to significant volatility spillovers and an asymmetric
effect from the stock market to the foreign exchange market for France, Italy,
Japan and the US, suggesting integration between stock and foreign exchange
markets in these countries. Kanas (2000) and Yang and Doong (2004) concentrate
exclusively on the domestic currency and do not investigate the extent of spill-
overs from other currencies to the domestic stock market. Wu (2005) examines
volatility spillovers between stock prices and exchange rates for Japan, South
Korea, Indonesia, Philippines, Singapore, Thailand and Taiwan for the period
1997-2000, splitting the sample into crises and recovery periods. He found a bi-
directional relationship between the volatility of stock returns and exchange rate

1 See for example Nieh and Lee (2001), Yau and Nieh (2006) for recent evidence on this topic.
2 See also for example, Nelson (1991), Koutmos and Booth (1995), Laopodis (1998).
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changes during the recovery period in all countries except South Korea, as well as
significant contemporaneous relationships between the two markets for most of
the countries. Furthermore, he found volatility spillovers increased in the recovery
period. Qayyum and Kemal (2006) examine volatility spillover between the stock
market and the foreign exchange market in Pakistan, through a bivariate EGARCH
model. Their results show that the behavior of both the stock exchange and the
foreign exchange markets are interlinked. The returns of one market are affected
by the volatility of the other market. In particular the returns of the stock market
are sensitive to the returns as well as the volatility of foreign exchange markets.
They found evidence of strong relationship between the volatility of foreign ex-
change market and the volatility of returns in stock market. Leeves (2007) analyse
the conditional volatility in stock returns in Indonesia over the period covered by
the Asian crisis. He used three asymmetric models of conditional volatility (GJR,
NGARCH and AGARCH); he found evidence of significant asymmetric impacts
from conditional volatility shocks, with negative shocks causing greater volatility
than positive shocks, during the Asian crisis.

Engle (1982) recognised that, in certain series, there are periods in which
volatility was high and others in which it was low. He saw this volatility cluster-
ing as a time-varying conditional variance. He developed and applied ARCH
modeling which dispenses with such an assumption. Afterwards, Bollerslev
(1986) formulated the GARCH model, by allowing the variance of a series to be
decomposed into unconditional and time conditional components. These models
are capable of identifying periods of relative tranquility and volatility. Through
the use of GARCH(p,q) models many analyses have provided evidence of the
success of these techniques in the analysis of financial markets spillover effects.
The reason for using this particular technique is derived from the characteristics
of our series. The characteristics of the stock returns and of the exchange rates
returns show that all the series are highly leptokurtic (non-normal series), a
feature that has been commonly recognised in the analysis of these kinds of time
series. The literature brings evidence that the ARCH family models have been
proved successful in analyzing volatility effects in these series, indicating that
a GARCH (EGARCH) analysis will be the most efficient way to study these
financial markets .As the time series of the exchange rates returns and stock
markets returns follow the typical distributions that allow the use of GARCH
techniques we decided to implement the EGARCH modeling in our analysis;
this asymmetric model allows negative shocks to behave differently from posi-
tive shocks. The main advantage of an EGARCH model is that it overcomes the
problem of the standard ARCH/GARCH models where symmetry is imposed
on the conditional variance.

We add to the existing literature in this area by providing up to date evidence
on this issue for six developing markets and provide new evidence on the extent
to which volatility spillovers vary between different currencies and the domestic
stock market in each country.
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3. DATA AND METHODOLOGY

Our analysis focuses on the period 1 January 1998 to 31 December 20063
which we split into three sub samples in order to provide greater detail and a better
understanding of volatility spillovers between stock returns and exchange rates.
Thus our first sub sample analyses 1998, the period prior to the introduction of
the Euro. As we are interested in examining whether the first years of the intro-
duction of the Euro affected the relationship between our variables, we split our
sample into two sub periods as follows; 1999-01 covers the period when exchange
rates were fixed against the Euro but the currency was not physically introduced,
and 2002-06 covers the period when the Euro was physically introduced into
circulation. The reason to split the sample into three sub periods is justify by the
objective of analysing the effect of the Spanish currency and stock market in the
Latin American markets. We want to see if before the introduction of the Euro
there was any effect of the Spanish currency in the Latin American markets, if
the answer was yes, what happens after the introduction of the Euro, being the
expectations that the Euro could be diluting the effect that the Spanish currency
could be generating in the Latin American economies, in the case that the results
verified the existence of any effect of the Spanish stock market or currency before
the introduction of the Euro.

The data set consists of daily closing values for the stock market indices
in each country as follows: Argentina (Merval), Brazil (Bovespa), Chile (IGPA
Gen), Colombia (CSE Index), Mexico (IPC), Venezuela (IBC), Spain (IBEX 35).
We have daily closing values for the exchange rates of each country against the
Euro, UK pound sterling, Japanese Yen and the US dolar, plus the exchange rates
of each country versus the six Latin American exchange rates. We include these
exchange rates to examine whether volatility spillovers are stronger from certain
currencies during the sample period.

The original data set was subject to some modifications, all holidays and
other closing days were removed from the sample in order to avoid inconsistencies
with the data set and also in order to avoid problems in the modelling estimation.
Data was taken from DataStream and the Federal Reserve Statistic Release, giving
a total of 2176 observations for each series. Following Kanas (2000) we use con-
tinuously compounded stock returns and exchange rate changes calculated as the
first differences of the natural log. That is, S= Stock Prices; S, =In (Pt3 ) —In (Pf_1 )
and E = Exchange Rates; E, =In|P’ ) -In|P%, )

As an initial step we provide descriptive statistics for stock returns and
exchange rates, in order to summarise the statistical characteristics of our sample
(see Table A1 to A3 in the Appendix). We then proceed and perform a stationarity
test on each of the relevant variables that are included in our analysis to ensure
that the results from the analysis are not spurious. We apply the Dickey Fuller

3 In the case of Colombia, we are unable to present results before 2002 as DataStream only provided
data for the CSE Index after July 2001.
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(DF) test or Augmented Dickey-Fuller test (ADF) procedure if serial correlation
is present. We also apply the Lagrange Multiplier (LMF) test, to ensure that a
sufficient number of lags have been added in the ADF test to ensure that there is
no serial correlation present and the results of the ADF test are valid. The LMF
test is applied given that it is valid in the presence of lagged dependent variables
as well as having the advantage of testing for first and higher orders of serial cor-
relation. We estimate a Vector Autoregression (VAR) model in order to select the
number of lags that would be appropriate to apply to our variables. We estimate
the lag selection tests up 20 lags. In terms of choosing between the various lag
length selection criteria we follow Johansen et al. (2000) who suggest that when
different information criteria suggest different lag lengths, it is common practice to
prefer Hannan-Quinn (HQ) criteria. Again, we ensure that the lag length selected
for the VAR model is free from serial correlation after performing by applying the
LMEF test to test for serial correlation up to the number of lags in the VAR model.
We then proceed with our volatility analysis and apply a bivariate extension of
the EGARCH (p, ¢) model in order to examine whether the volatility of stock
returns affects and is affected by the volatility of exchange rate changes within
each economy. The EGARCH specification (Nelson, 1991) is used in order to test
whether the volatility spillover effects are asymmetric. For example, an asym-
metric spillover from stock returns to exchange rate changes would suggest that
the effect of “bad” stock market news on the exchange rate change is greater than
the effect of “good” news. The model is specified as follows:

(D ,=a, +2a“”+2a E,_ +eg,
i=1

r r
2 E =ag, +zaE,iEr—i +Zas,i51_,~ teg,
i=1 i=1

where ¢g,/Q,_, =N(0,035,) and ¢, , /Q,_ =N(0,0; )

The conditional variances of stock returns and exchange rates changes are
specified as follows:

DS (‘ZS,:—I - E‘ZS 1T 9 Sz, )
3) O';[ =expycs ot sth/. log(O'é_,ij) + 55’5 e
J=1 +o5 |:(‘ZE,I 1 E‘Zb 1|t 05 pzp )J
ps ( Z _ Z + 9 )+
“4) O'é’ =expicgt+ ZbE,_/ log(oéti_/) + 55,5 ‘ B 1‘ ‘ o ]‘ -
J=1 +op 5 [(‘ZS,I—I - E‘ZS,r—l +0p sk )}

Osgr = Ps %50,

We summarize each of the relevant terms in equations (1)-(4) in Table 1.



VOLATILITY SPILLOVERS BETWEEN EQUITY AND CURRENCY MARKETS

TABLE 1

DESCRIPTION OF PARAMETERS EQUATIONS (1)-(4)
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Stock Returns Exchange Rate Returns
Stochastic error
terms s e
Information set at
. Q Q

time -1 -1 -1
Conditional (time N )

; : c o
varying) variances S.t Et

Standardised residuals
assumed to be normally
distributed with 0 mean
and variances of

2 2
Os: Ok

Persistence of

Volatility
ARCH effect where the
parameters O ¢,6, .

allow this effect to be
asymmetric

Volatility
Spillover

Measures of
spillovers

Asymmetry of
Spillovers(*)

Correlation Coefficient
for Standardised
Residuals

_E‘Zs,t

DZS,I

Ok UZE,/—I ‘ - E‘ZE,L—I ‘ +6

S.E

S.E

Ps.e

+6S,SZSJ :|

;. +6E7E7 }

e

Pe.s

Css1-1 :|

} Ops UZS,H ‘ -E ‘ZS,t—l ‘ +0ps.

Note: 0 ; <0, 6; ; <0, implies that negative exchange rate shocks increase the volatility of stock
returns more than positive shocks.

We specify the number of lags for the conditional mean equations (1) and
(2) using the Hannan-Quinn (HQ) criterion; Griffin ef al. (2005) Andersen et al.
(2004) and Stulz et al. (2002) all note that the HQ criterion is preferable to the
more commonly used Akaike’s Information Criteria (AIC), as the latter tends to
overparameterize the models*. Next we apply the likelihood ratio (LR) test to

4 For brevity here we do not report the number of lags selected for the conditional mean equations for
stock prices and exchange rates for each period.
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determine the lag truncation length, p. We perform separate LR test on the stock
returns and exchange rate conditional variance equations (3) and (4) to determine
the optimal lag length for the EGARCH specification of each equation. Hamilton
(1994) defines the LR test as follows: 2[L(é)— L(é)] ~ x*(m), where L(0)
denotes the value of the log likelihood function at the unrestricted estimate and
L(é) denotes the value of the log likelihood functions of the restricted estimate.
Bollerslev-Woolridge robust #-statistics are derived to take into account possible
non-normality of the residuals. All results are generated using the EVIEWS sta-
tistical program.

4. EMPIRICAL RESULTS
4.1  Descriptive Statistics

Our analysis begins by providing descriptive statistics for stock returns
and exchange rates, in order to summarise the statistical characteristics of our
sample and these are set out in Tables A1 and A2 presented in Appendix. For the
stock returns of each country for 1998 we found that the means are negative in
all the cases, with the exception of the Spanish stock market, IBEX 35. During
1999-01 the performance of stock markets in the region generally improved with
the sample means of stock returns positive for all countries with the exception of
Argentina (Merval) and Spain (IBEX 35). For the 2002-06 period, the means of
all the indices are positive and generally of a higher magnitude than for 1999-01
indicating further improved performance over this period. The standard devia-
tions of the stock returns provide information about the volatility of the markets
in each period. All stock markets exhibited higher volatility during 1998 prior to
the introduction of the Euro; the standard deviation of stock returns in all markets
declined during the 1999-01 period, and was lowest in all markets for 2002-06. The
standard deviation for 1998 ranged from 1.15% (IGPA Gen) to 3.63% (Bovespa)
while for 1999-01 was between 0.7% (IGPA Gen) and 2.56% (Merval) and between
0.6% (IGPA Gen) to 2.1% (Merval). Thus the volatility was lowest in the Chilean
stock market in all periods and was generally highest in the Argentinian stock
market, particularly in the aftermath of the introduction of the Euro. The skewness
and kurtosis coefficients indicate that stock returns are leptokurtic relative to the
normal distribution, which Caporale et al. (2002) note is a common finding for
stock returns. The Jarque-Bera test also rejects the hypothesis that stock returns
are normally distributed in all the cases.

The descriptive statistics for the exchange rate returns are presented for
each country to capture the behavior of the exchange rates on an individual basis.
Overall there is a considerable variation in the sign and magnitude of the means
and standard deviations both over time, across countries and across the various
bilateral exchange rates we included in the analysis.



VOLATILITY SPILLOVERS BETWEEN EQUITY AND CURRENCY MARKETS 193

For 1998, Mexico was the only country for which the means of the exchange
rates were positive in all instances; for Venezuela they were positive against all
the ‘hard’ currencies while in Chile the means were negative for all of the Latin
Anmerican bilateral exchange rates. Although for Argentina, Brazil and Venezuela the
means were negative against the Colombian and Mexican Pesos, they were positive
against the Chilean Peso. For all other countries, we observe a mix of positive and
negative means across the bilateral exchange rates reflecting both appreciation and
depreciation of the various bilateral exchange rates during this period.

For the 1999-01 period, Brazil was the only country where the means of
all exchange rate returns were positive while in the case of Chile they were all
negative; both Mexico and Argentina exhibited negative mean returns across all
bilateral exchange rates except the Euro and Chilean Peso, with the return also
negative for Argentina against the Mexican Peso. Venezuela showed positive mean
returns against all the ‘hard’ currencies in contrast to the Euro where they were
negative; the Euro also showed positive mean returns against all the Latin American
currencies during this period with the exception of the Argentinian Peso.

For the period since the Euro was introduced into circulation, all mean
returns were positive for Argentina, and almost all positive for Venezuela; Chile
and Mexico showed positive mean returns across all hard currencies excluding the
Euro. In fact, all Latin American currencies showed positive mean returns against
the Canadian $, the Yen and the UK£. While Brazil had negative mean returns
against all other Latin American exchange rates, for the rest of the exchange rates
in other countries, no discernable patterns are evident and as for the earlier peri-
ods, we observe a mix of positive and negative means across the other bilateral
exchange rates reflecting both appreciation and depreciation of the various bilateral
exchange rates during this period.

With regard to the standard deviation of the exchange rates, for the period
prior to the introduction of the Euro for all countries volatility was generally
lowest against the US$ and highest against the Yen, except for Argentina where
volatility was highest against the US$ and for the Peseta where volatility was
highest against the Columbian Peso. For the 1999-01 period the again volatility
for the Latin American bilateral exchange rates was generally lowest against the
US$ and highest against the Brazilian Real. For the Euro, the standard deviation
of volatility was lowest against the UK£ and highest against the Brazilian Real.
For the final period of analysis, again the standard deviation was lowest against the
USS$ for most bilateral exchange rates and highest against the Argentinian Peso.
The magnitude of the standard deviations were similar in the earlier two periods
and showed a slight increase for the final period.

The skewness and kurtosis statistics for all countries and bilateral exchange
rates in all periods indicate that the distribution of exchange rate returns in all the
cases for all the countries are non-normal and the Jarque-Bera test also rejects the
hypothesis of normally distributed returns for all periods for all exchange rates.
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4.2 Unit Roots and Likelihood Tests

The results from the ADF tests are given in Table A3 (see Appendix). The
values of the test statistics indicate that we can reject the null hypothesis of the
existence of unit root in levels for all variables in all periods indicating that all
series are I(0)°. Given that all variables are integrated of the same order, and also
given that they are /(0) processes we proceed directly to perform our volatility
analysis using EGARCH (p,q) modelling.

In order to establish the correct lag length for the EGARCH model, we
apply the Likelihood Ratio test. For the stock return equation, we chose the
EGARCH (1,1) model for Argentina for 1998, for Mexico and Venezuela for
1999-01 and for Columbia, Chile and Venezuela for 2000-02 across all bilateral
exchange rates. For the other countries there was a mix of (1,1) and (2,1) models
chosen for the different bilateral exchange rates. For the exchange rate equation,
there was less consistency across countries and time periods in the selection of
the EGARCH model with a mixture of (1,1) and (2,1) chosen for each country
for each bilateral exchange rate.

The estimated parameters from the EGARCH estimation are set out in
Tables 2 to 9, for the three periods of analysis (1998, 1999-01, and 2002-06). The
p-values are given in parentheses beneath each coefficient estimate. Those coef-
ficient estimates which are significant at 5% level are marked with an asterisk.

4.3  Volatility Persistence

Firstly, in relation to the coefficients on the volatility persistence term,
the results vary depending on the country and the equation but we find that the
majority of terms are significant for both the stock returns and exchange rate
changes in all three periods (see Tables 2 to 4) this result is not surprising given
that persistence is a feature of many financial markets data. An interesting feature
of our results which reflects the inclusion of more than one bilateral exchange
rate in our analysis is that the persistence of volatility varies across the different
bilateral exchange rates. The results indicate that the introduction of the Euro
did not generate any general effect on the persistence of the volatility of stock
returns and exchange rates as it has not had a uniform impact across the financial
markets in Latin American markets. Wu (2005) notes that a necessary condition
for the volatility persistence terms to be stable is that the value of the estimated
coefficients should be less than one; for our results, this applies in all cases for the
three periods for the persistence terms for both stock returns and exchange rates
where the magnitude of the coefficients are all less than one.

5 The LMF test results indicated that the ADF tests were free from serial correlation; for brevity we
do not show the test results here.
6 Likelihood Ratio test and LMF results are available upon request.
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4.4  Volatility Spillovers

In terms of the coefficients for the volatility spillovers, there is some degree
of variation across countries, over time and for the various bilateral exchange rates
included in the analysis (see Tables 5 to 7). Dealing first with spillovers from stock
markets to exchange rates, for Brazil and Mexico, we found significant spillovers
in all three time periods to all bilateral exchange rates at 10% level, with most
significant at 1% level. Similarly for Spain, all spillover coefficients were signifi-
cant for all bilateral exchange rates general at 1% level, with the exception of the
Mexican Peso in the 1998 period which was insignificant. For the other countries,
there are fewer consistences both over time and across the bilateral exchange rates
in terms of spillovers from the stock market. In Argentina, for the 1998 period, all
coefficients are significant for all bilateral exchange rates at least at 10% level,
but this situation changes for the 1999-01 and 2002-06 periods where we found
significant spillovers from the stock market only to the Brazilian Real and Mexican
Peso. For Chile, while there were significant spillovers at least at 5% level from
the stock market only to all Latin American exchange rates excluding the Mexican
Peso in 1998, these spillovers were absent in the 1999-01 and 2002-06 periods. In
contrast, for Venezuela there were no significant spillovers from the stock market
to any currency in the 1998 period, spillovers were significant to all currencies for
1999-01, and then only for the Argentinian Peso, Brazilian Real and Chilean Peso
for the 2002-06 period. Volatility spillovers were absent from the stock market to
all currencies for Colombia for 2002-06.

Significant coefficients are indicative of integration between stock markets
and exchange rate markets as well as indicating that the volatility of stock returns
was a determinant of the volatility of the exchange rate and that information con-
tained in stock prices impacted on the behavior of exchange rates in these markets.
The lack of consistency over time and across countries and bilateral exchange
rates indicates that the degree of integration of stock and money markets varies
depending on the currency, is not constant over time, as well as demonstrates that
there is some potential for diversification between stock markets and currency
markets in these countries.

In terms of volatility spillovers from exchange rates to stock markets, the
results are less significant and consistent across countries and over time than the
spillovers from stock markets to exchange rates. Dealing first with the volatility
spillovers from the Latin American bilateral exchange rates to stock markets, we
found that for Argentina and Brazil there were no significant spillovers at 5%
level neither 1998 or 2002-06 with significant spillovers only from the Mexican
Peso to the Argentinian stock market and from the Colombian Peso and Bolivar
to the Brazilian stock market in the 1999-01 period. For Mexico, again there
were no significant spillovers in the 1998 period but volatility spillovers from the
Chilean Peso in 1999-01, and the Real in 2002-06, to the Mexican stock market.
In the case of Chile, significant spillovers were found from the Colombian Peso
in 1998 and from the Mexican Peso in 1999-01 but significant spillovers from
all of the Latin American bilateral exchange rates were completely absent for the
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2002-06 period. There were significant spillovers for Venezuela in all three peri-
ods, but there were some differences across the three periods with the Argentinian
Peso and Real significant in 1998, the Chilean Peso and Bolivar significant for
1999-01 and the Real significant for the 2002-06 period. For Colombia during
2002-06 significant volatility spillovers were found from the Real to Bolivar to
the Colombian stock exchange for this period. The most significant spillovers for
Spain were found from the Real and the Chilean and Colombian Pesos in 1998,
from the Chilean and Mexican Pesos for 1999-01 and from the Mexican Peso and
Bolivar for 2002-06. Thus collectively the results from the estimated coefficients
of the volatility spillovers from the Latin American exchange rates to the stock
market examined indicate that the existence of spillovers are dynamic in nature
and not constant over time with no significant result common to all three periods.
Furthermore, the lack of consistency across countries indicates that the impact
of volatility spillovers from any single Latin American currency is not uniform
across different stock markets.

Dealing now with the volatility spillovers from the ‘harder’ currencies,
there appears to be some similarities in the impact on the Latin American stock
markets. For 1998 there were significant volatility spillovers from the domestic
currencies against the Yen for Argentina, Brazil, Venezuela and Mexico, with the
Peseta also significant for Argentina in this period. For Chile, volatility spillovers
to the stock market were significant from the Chilean Peso against the US$ while
for Spain, spillovers from the C$ and US$ were significant.

In the period since the introduction of the Euro, for Argentina, Brazil and
Mexico significant spillovers were observed from the domestic currencies against
the £ the stock market in both the 1999-01 and 2002-06 periods with significant
spillovers also from the C$ and US$ for Mexico. These were the only significant
spillovers common to both periods after the Euro was introduced; for all other
significant coefficients, results differ for the 1999-01 and 2002-06 periods. For
example, there were no significant spillovers for Chile or Spain for 1999-01 but
for 2002-06 spillovers from the £ was significant for Chile and the C$ significant
for Spain. Similarly, significant spillovers were found from the € to the Brazilian
stock market only for 1999-01, from the € to the Mexican stock market only for
2002-06, from the C$ to the Venezuelan stock market only in 1999-01 while for
2002-06, spillovers were significant form the Yen, US$ and £ to the Venezuelan
stock market.

The presence of significant volatility spillover coefficients indicates that
volatility of the relevant bilateral exchange rates was a determinant of the volatility
of the stock markets and that information contained in exchange rates impacted
on the behavior of stock markets in these countries. Overall, volatility spillovers
are much more prevalent from the various stock markets to the various bilateral
exchange rates than is the case for the volatility spillovers from the various bi-
lateral exchange rates to the stock markets in the countries examined. The lack
of significant spillovers from exchange rate changes to stock returns found here
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for some countries across a number of bilateral exchange rates is consistent with
results from Jorion (1990) as well as with Yang and Doong (2005). Jorion (1990)
explained the lack of spillovers as possibly due to positive exchange rate volatility
on stock returns for some firms offsetting negative exchange rate volatility on stock
returns for other firms to give an insignificant or weak effect overall. In addition to
this, the use of instruments to hedge exchange rate risk, may reduce the impact of
exchange rate volatility on stock markets; Grant and Marshall, 1997, and Bodnar
et al. (1995) both note that the use of hedging instruments to ameliorate exchange
rate risk is pervasive amongst larger companies which are the main components
of national stock market indices.

The more widespread presence of significant spillovers from the Peseta to
stock markets in the pre Euro period than from the Euro in the post Euro period
is indicative of wider use of hedging by firms listed on the stock markets in these
countries after the introduction of the Euro; it may be that the Euros status as a
global currency resulted in increased hedging than was the case for the Peseta in
order to insulate against the volatility of the Euro which firms listed on these stock
markets would not have been exposed to the same extent as for the Peseta.

Considering the results from the volatility spillovers from the stock market
to exchange rates and from exchange rates to stock markets together, we are able
to highlight a number of instances where the spillovers are bidirectional in nature
between the two markets. For 1998, we found significant bidirectional spillovers
between the Yen and the Peseta, and the stock markets of Argentina and Brazil,
as well as for the Colombian Peso and the Chilean stock market and the Yen and
the Mexican stock market, as well as for the Real, Chilean peso, Bolivar and £
for the Spanish stock market. For 1999-01 spillovers were significant in both
directions between the Mexican Peso and the Argentinian stock market, for the
Chilean Peso and the Mexican stock market, the Mexican Peso and C$ and the
Venezuelan stock market, and for the Real and Colombian Peso and the Real
and the Spanish stock market. In the more recent 2002-2006 period, there were
significant bidirectional volatility spillovers for the Bolivar, Yen and the US$ and
the Brazilian stock market, the Real, £ and € and the Mexican stock market, the
Real and the Venezuelan stock market, and the Mexican Peso, Bolivar and C$ and
the stock market. These results show that there were no significant bidirectional
relationships that were common to all three periods. However, we found that for
the £ and the Brazilian stock market, and for the C$ and the US$ and the Mexican
stock market were common to both post Euro periods; the result for Mexico is not
surprising given the geographical proximity of Mexico to the US and Canada and
also taking into account that his countries relationship will be strongly influence
by the North American Free Trade Agreement (NAFTA). The significant spillovers
in both directions can be taken as evidence of a high degree of integration between
stock and money markets in these instances, and the degree of level of integration
appears to be currency specific rather than a general feature of financial markets
in these countries.
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4.5  Asymmetric Spillovers

For the asymmetric spillover effects from stock returns to exchange rates
(see tables 8 to 10) we found that the coefficients are significant in almost all
cases for all periods, with the following exceptions; for the asymmetric spillover
effects from exchange rates to stock returns during 1998 the coefficients for the
Argentina Peso/¥, the Brazilian Real/Pta, the Venezuelan Bolivar/C$ and Bolivar/
Pta, and finally for the Spanish Pta/Real, Pta/Colombian Peso and Pta/Bolivar.
During 1999-01 the coefficients are significant with the following exceptions: for
Argentina in the case of Argentina/€, for Venezuela in the case of Bolivar/€ and
for Spain in the case of €/Argentina Peso, €/Chilean Peso and €/Bolivar. Thus the
general significance of most of the asymmetry coefficients justifies the use of the
EGARCH model to capture this asymmetry in the impact of good and bad news.
The existence of insignificant coefficients indicates that the spillover effects in
these instances are symmetric, that is that positive and negative shocks have the
same impact on volatility.

4.6 Diagnostic Tests

The models are estimated using the BHHH (Berndt-Hall-Hall-Hausman)
method with robust standard errors. The Jarque-Bera test indicates that we reject
the hypothesis that the residuals are normally distributed, hence justifying the
use of the Bollerslev-Woolridge robust t-statistics’. The Ljung-Box statistics for
all three periods for all countries indicate that there are no residual linear or non
linear dependencies. There are some exceptions where the coefficient was not
significant but the problem was corrected after introducing more lags into the test.
Finally to check the validity of the assumption of constant correlation adopted
in the estimation of the bivariate models (Kanas, 2000), the LB statistics for the
cross products of the standardised residuals from the stock returns equation and
from the exchange rate equation are calculated and these statistics indicated that
the assumption of constant correlation over time can be accepted.

5. CONCLUSIONS

Relationships between equity returns and exchange rates are of particular
interest for academics and practitioners due to the fact that these two variables play
a crucial role in portfolio and risk management. Equity returns and exchange rate
movements may be used to hedge portfolios against currency movements and risk

7 As Bollerslev and Wooldrige (1992) note, statistical inferences based on the t-student distribution,
when the residuals are non-normal will lead to misleading interpretation of the results, as the standard
errors will be biased. For brevity we have not included the tables with the ddiagnostic test results but
they are available upon request.
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management has to take into consideration the linkages between these to markets
in order to design appropriate strategies.

This paper set out to examine the volatility linkages between stock returns
and exchange rates in six Latin American countries and one European country.
While there is a significant body of evidence which investigates the relationship
between the first moments of exchange rates and stock returns, the evidence on
volatility linkages between the two markets is scarce and has generally been con-
fined to investigation of the relationship for stock returns and a single exchange
rate. Our analysis was thus broader in scope than existing research in that we
included a number of bilateral exchange rates in our analysis which permitted us
to examine whether volatility spillovers exist to the same extent across exchange
rates. In addition to this, no research to date has explicitly focused on the impact
of the introduction of the Euro on volatility spillovers between these financial
markets. The Spanish market and currency was introduced in the study due to
the fact, that Spain is a country that has important investments in Latin America,
therefore, it was considered of importance to analyse the impact of the Peseta in
the Latin American markets and what happen after the introduction of the Euro.
In order to address these gaps in the literature, we examined three main periods,
covering the time period before the introduction of the Euro, immediately after the
introduction of the Euro when the currency was not yet in circulation, and finally
the period covering when the currency was physically introduced.

Our results overall show that the volatility of stock prices affects the
volatility of exchange rates in a much more widespread way than the volatility of
exchange rates affects the volatility of stock prices. The lack of significant spill-
overs in these markets indicates that there is potential for diversification between
stock markets and currency markets in certain instances. We also highlighted a
number of instances where the spillovers are bidirectional in nature between the
two markets, although there were no significant bidirectional relationships that
were common to all three periods. The more widespread presence of significant
spillovers from the Peseta to stock markets in the pre Euro period than from the
Euro in the post Euro period could reflect wider use of hedging by firms listed
on the stock markets in these countries after the introduction of the Euro; it may
be that the Euros status as a global currency resulted in increased hedging than
was the case for the Peseta in order to insulate against the volatility of the Euro
which firms listed on these stock markets would not have been exposed to the
same extent as for the Peseta.

Our results are consistent with those of Kanas (2000) and Yang and Doong
(2004) who both found evidence of volatility spillovers from stock returns to
exchange rates. However our results differ on the evidence of spillovers in the
opposite direction from exchange rates to stock markets; these studies found no
significant spillovers while we found that although volatility spillovers are much
less prevalent from the various bilateral exchange rates to the stock markets in the
countries examined, as well as less consistent across countries and over time than
the spillovers from stock markets to exchange rates, they nonetheless are present
in certain instances. From the point of view of policy, linkages between the two
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markets indicate that policymakers should take into account the impact of any
exchange rate policy on stock markets, and viceversa. It is well known that stability
in stock markets is important to guarantee foreign direct investment, which gener-
ates a positive impact in the growing and stability of a country economy.

The difference between our results and existing studies on volatility spill-
overs between exchange rates and stock markets likely reflects the larger number
of bilateral exchange rates included in our analysis. Thus further research along
these lines is required in order to establish more comprehensively the true nature
of spillovers from exchange rates to equity markets which should provide valuable
information on the possibilities for diversifying holdings of stocks and currencies
in investment portfolios, as well as the potential for hedging amongst these assets.
Also, the effect of the US$ in the Latin American economies and in particular the
effects of the NAFTA agreements is an area for future research that indeed will
provide valuable information for these economies.
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APPENDIX

TABLE Al
DESCRIPTIVE STATISTICS STOCK RETURNS

Stock Indices* Mean SD Skewness Kurtosis JB
1998

Merval -0.001908 0.0288 -0.5002 6.4864 132
Bovespa -0.001854 0.0363 0.0441 7.2298 180
IGPA Gen -0.00122 0.0115 0.3701 4.8870 41
CSE Index n/a n/a n/a n/a n/a
IPC -0.001021 0.0222 0.6056 9.8558 487
IBC -0.002466 0.0336 1.1081 11.4543 767
IBEX 35 0.001075 0.0197 -0.3973 5.6594 77
1999-2001

Merval -0.000544 0.0256 0.4044 7.6183 663
Bovespa 0.000893 0.0249 1.9831 29.4984 21656
IGPA Gen 0.000556 0.0070 —-0.0579 5.3085 161
CSE Index n/a n/a n/a n/a n/a
IPC 0.000592 0.0191 0.0137 4.3738 57
IBC 0.000456 0.0180 1.0025 10.4508 1798
IBEX 35 —-0.000325 0.0151 -0.2076 4.1193 43
2002-2006

Merval 0.001501 0.0206 -0.1443 6.7135 699
Bovespa 0.000941 0.0174 -0.2239 3.7560 39
IGPA Gen 0.000684 0.0056 0.1899 6.6485 677
CSE Index 0.00191 0.0154 -0.0937 17.0443 10086
IPC 0.000995 0.0120 —-0.0056 5.3720 283
IBC 0.001685 0.0148 1.8533 23.9751 22836
IBEX 35 0.000427 0.0122 0.0238 6.5292 638

*Stock Indices: Argentina (Merval), Brazil (Bovespa), Chile (IGPA Gen), Colombia (CSE Index),
Mexico (IPC), Venezuela (IBC), Spain (IBEX 35), SD: standard deviation, JB: Jarque Bera test for
normality.
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TABLE A2
DESCRIPTIVE STATISTICS FOR EXCHANGE RATES

1988
Mean* SD Skewness Kurtosis 1B
Argentine Peso/ Brazilian Real -0.33 0.1% 0.00 33.84 9548
Argentine Peso/ Chilean Peso 0.29 0.4% 1.54 15.31 1618
< Argentine Peso/Colombian Peso -0.68 0.7% -1.54 26.76 5766
Z Argentine Peso/Mexican Peso -0.88 1.0% -0.50 9.12 387
E Argentine Peso/Venezuelan Bolivar -0.47 0.2% 1.56 18.47 2500
Z Argentine Peso/ Canadian Dollar -0.33 0.1% 0.70 12.17 804
Q Argentine Peso/Japanese Yen 0.11 0.5% 0.63 436 34
= Argentine Peso/US Dollar -0.34 0.4% 0.19 545 62
Argentine Peso/UK Pound 0.64 1.1% 0.95 627 144
Argentine Peso/Peseta 0.33 0.6% 0.22 4.80 35
Brazilian Real/Argentine Peso 0.33 0.1% -0.70 12.17 864
Brazilian Real/Chilean Peso 0.62 0.4% 1.55 15.05 1555
Brazilian Real/ Colombian Peso -0.35 0.7% -1.66 26.81 5805
) Brazilian Real/Mexican Peso -0.56 1.0% -0.46 9.05 377
< Brazilian Real/Venezuelan Bolivar -0.14 0.2% 1.73 18.95 2675
< Brazilian Real/Canadian Dollar -0.01 0.4% 0.15 545 61
g Brazilian Real/Japanese Yen 0.97 1.1% 0.92 6.06 128
Brazilian Real/US Dollar 033 0.1% -1.05 10.44 601
Brazilian Real/UK Pound 0.43 0.5% 0.75 4.65 50
Brazilian Real/Peseta 0.66 0.6% 0.24 4.83 36
Chilean Peso/Argentine Peso -0.29 0.4% -1.54 15.31 1618
Chilean Peso/Brazilian Real -0.62 0.4% -1.55 15.05 1555
Chilean Peso/Colombian Peso -0.97 0.8% -1.62 19.19 2737
Chilean Peso/Mexican Peso -1.18 1.2% -0.35 7.02 168
= Chilean Peso/Venezuelan Bolivar -0.76 0.5% -1.15 1142 765
T Chilean Peso/Canadian Dollar -0.64 0.6% -0.58 6.54 139
o Chilean Peso/Japanese Yen 0.35 1.2% 0.75 597 111
Chilean Peso/US Dollar -0.29 0.4% -1.61 16.24 1863
Chilean Peso/UK Pound -0.19 0.6% -0.34 8.49 307
Chilean Peso/Peseta 0.04 0.7% -0.42 4.85 41
Colombian Peso/Argentine Peso - - - - -
Colombian Peso/Brazilian Real - - - - -
< Colombian Peso/Chilean Peso - - - - -
= Colombian Peso/Mexican Peso - - - - -
S Colombian Peso/Venezuelan Bolivar - - - - -
() Colombian Peso/Canadian Dollar - - - - -
5 Colombian Peso/Japanese Yen - - - - -
o} Colombian Peso/US Dollar - - - - -
Colombian Peso/UK Pound - - - - -
Colombian Peso/Euro - - - - -
Mexican Peso/Argentine Peso 0.88 1.0% 0.50 9.12 387
Mexican Peso/Brazilian Real 0.56 1.0% 0.46 9.05 377
Mexican Peso/Chilean Peso 1.18 1.2% 0.35 7.02 168
o Mexican Peso/Colombian Peso 0.21 1.2% 0.07 7.10 169
<] Mexican Peso/Venezuelan Bolivar 0.42 1.0% 0.45 8.69 333
ﬁ Mexican Peso/Canadian Dollar 0.54 1.0% 0.17 6.95 158
s Mexican Peso/Japanese Yen 1.52 1.5% 0.41 539 64
Mexican Peso/US Dollar 0.88 1.0% 0.51 9.14 389
Mexican Peso/UK Pound 0.99 1.1% 0.68 7.92 262
Mexican Peso/Peseta 1.21 1.2% 0.47 6.97 168
Venezuelan Bolivar/Argentine Peso 0.47 0.2% -1.56 18.47 2500
Venezuelan Bolivar/Brazilian Real 0.14 0.2% -1.73 18.95 2675
< Venezuelan Bolivar/Chilean Peso 0.76 0.5% 1.15 1142 765
= Venezuelan Bolivar/Colombian Peso -0.21 0.8% -1.36 22.40 3854
=] Venezuelan Bolivar/Mexican Peso -0.42 1.0% 045 8.69 333
N Venezuelan Bolivar/Canadian Dollar 0.12 0.5% -0.15 5.14 47
Z Venezuelan Bolivar/Japanese Yen 1.10 1.1% 0.95 6.04 129
'§ Venezuelan Bolivar/US Dollar 047 0.2% -1.77 20.31 3136
Venezuelan Bolivar/UK Pound 0.57 0.5% 0.71 491 57
Venezuelan Bolivar/Peseta 0.80 0.6% 0.27 5.05 45
Peseta/Argentine Peso -0.33 0.6% -0.22 4.80 35
Peseta/Brazilian Real -0.66 0.6% -0.24 4.83 36
Peseta/Chilean Peso -0.04 0.7% 0.42 4.85 41
Peseta/Colombian Peso 4.15 6.4% 15.43 239.00 568860
Z Peseta/Mexican Peso -1.21 1.2% -0.47 6.97 168
= Peseta/Venezuelan Bolivar 0.80 0.6% 0.27 5.05 45
@ Peseta/Canadian Dollar -0.67 0.7% -0.31 3.78 10
Peseta/Japanese Yen 0.31 1.1% 0.72 4.94 59
Peseta/US Dollar -0.33 0.6% -0.23 491 39
Peseta/UK Pound -0.23 0.7% 0.28 4.99 43

Note: (*) The daily mean corresponds to this value multiplied by 10-3. SD: standard deviation, JB:
Jarque Bera test for normality. (**) Peseta is replaced for Euro since 2000.
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1999-2001 2002-2006
Mean SD Skewness Kurtosis 1B Mean SD Skewness Kurtosis 1B
-0.91 1.2% -1.44 21.05 10078 0.99 2.1% 4.65 7245 247328
047 0.6% 0.25 2425 13633 0.77 2.1% 5.20 85.90 351657
-0.55 0.5% -0.17 14.61 4071 0.95 2.0% 6.08 102.73 508427
0.09 0.6% 0.35 14.61 4084 0.79 2.0% 647 112.57 613196
-0.43 0.2% -0.22 13.91 3599 0.07 2.6% 1.92 77.20 278127
-0.07 0.4% 0.13 4.40 61 1.19 2.0% 6.14 108.58 569157
-0.23 0.7% 0.01 5.44 1 1.01 2.0% 597 102.05 501453
0.00 0.1% 0.76 29.20 20773 0.93 1.9% 6.75 119.67 694902
-0.19 0.5% 0.20 3.61 6 1.18 2.0% 6.07 104.61 527552
0.39 0.7% -0.10 4.40 60 0.61 2.0% 6.02 100.65 487654
0.91 1.2% 1.44 21.05 10078 -0.99 2.1% —4.65 72.39 246710
1.37 1.5% 1.15 13.61 3559 -0.22 1.4% -0.09 821 1367
0.35 1.3% 1.32 16.58 5774 -0.04 1.1% -0.27 11.26 3451
0.99 1.3% 1.88 2827 19690 -0.21 1.0% -0.54 12.44 4543
0.48 1.2% 1.36 20.80 9776 -0.92 1.8% -2.32 53.04 127116
0.84 1.2% 1.20 18.89 7192 0.21 1.1% -0.19 10.76 3035
0.67 1.4% 0.97 9.84 1525 0.03 1.1% -0.12 9.81 2340
0.90 1.2% 1.47 21.34 10402 -0.06 1.0% -0.23 13.20 5243
0.72 1.3% 1.12 17.53 6517 0.19 1.1% -0.30 10.09 2551
1.30 1.4% 1.05 15.32 4710 -0.37 1.2% 0.01 9.20 1934
-047 0.6% -0.25 2425 13633 -0.78 2.1% -5.19 85.83 350780
-1.37 1.5% -L15 13.61 3559 0.22 1.4% 0.09 821 1367
-1.02 0.8% -0.10 9.47 1264 0.18 0.9% 0.02 16.23 8804
-0.38 0.9% 0.10 9.88 1427 0.01 1.0% 0.18 10.66 2956
-0.90 0.6% -0.26 2597 15928 -0.70 1.7% -2.25 51.05 117222
-0.54 0.7% -0.09 14.20 3782 042 1.0% 0.07 13.29 5327
-0.70 0.9% 0.05 8.92 1058 0.24 1.0% 0.27 11.25 3440
-0.47 0.6% -0.21 26.60 16801 0.16 0.8% 0.22 26.63 28103
—0.65 0.8% -0.26 9.35 1223 041 1.0% 0.21 15.38 7722
-0.07 0.9% 0.05 7.98 749 -0.16 0.9% -0.30 15.61 8025
- - - - - - - -6.21 107.14 562322
- - - - - - - 0.34 11.23 3483
- - - - - - - -0.02 16.49 9307
- - - - - - - -0.17 6.24 544
- - - - - - - -2.61 75.40 269407
- - - - - - - -0.07 5.01 207
- - - - - - - 0.28 542 314
- - - - - - - 025 9.63 2259
- - - - - - - -0.05 4.95 194
- - - - - - - 0.20 421 83
-0.09 0.6% -0.35 14.61 4084 -0.79 2.0% -6.47 112.48 611741
-0. 1.3% -1.88 28.27 19690 0.21 1.0% 0.54 12.44 4543
0.38 0.9% -0.10 9.88 1427 -0.01 1.0% -0.18 10.66 2956
-0.64 0.8% -0.15 11.30 2081 0.17 0.7% 0.18 6.18
-0.51 0.6% -0.46 15.09 4438 -0.72 1.6% -3.02 72.91 247853
-0.16 0.7% -0.43 11.94 2434 041 0.7% 0.27 4.10
-0.32 1.0% 0.17 6.36 344 0.23 0.8% 043 3.96 83
-0.09 0.6% -0.35 15.97 5090 0.15 0.5% 045 4.46 149
-0.27 0.8% 0.17 852 922 0.40 0.7% 0.24 4.21 86
0.31 0.9% -0.05 6.02 275 -0.17 0.8% 0.32 4.02 73
043 0.2% 0.22 13.93 3615 -0.07 2.6% -1.92 77.14 277428
-0.48 1.2% -1.36 20.82 9821 0.92 1.8% 232 53.04 127116
0.89 0.6% 0.26 25.89 15839 0.70 1.7% 225 51.05 117222
-0.13 0.5% -0.16 14.86 4252 0.88 1.6% 2.85 71.10 235036
0.52 0.6% 0.46 15.09 3 0.72 1.6% 3.02 7291 247853
0.36 0.4% 0.12 3.80 21 1.13 1.6% 2.85 70.18 228793
0.21 0.7% 0.12 541 1 0.95 1.6% 2.63 62.90 181992
042 0.1% 1.65 19.94 8994 0.86 1.5% 343 86.23 351062
0.24 0.5% 0.17 3.66 17 1.11 1.6% 3.02 71.48 237897
0.83 0.7% -0.09 4.38 58 111 1.6% 3.02 71.48 237897
-0.38 0.7% 0.26 4.00 39 -0.61 2.0% -6.17 104.70 537439
1.27 1.4% 091 15.01 4500 -0.37 1.2% -0.10 9.1 1959
0.08 0.9% -0.03 7.96 751 0.15 0.9% 021 15.51 8024
0.93 0.8% -0.07 4.03 33 -0.33 0.7% 0.22 397 58
0.29 0.8% -0.21 5.34 172 -0.16 0.8% 0.25 4.15
0.80 0.7% -0.26 391 34 0.54 1.6% 271 72.05 245718
-0.56 0.7% 0.20 3.60 16 0.40 0.7% -0.13 3.10
-0.18 0.9% 0.11 3.94 29 0.26 0.6% -0.35 4.46 126
-0.38 0.7% 0.27 4.00 39 031 0.6% -0.10 346 13
-0.20 0.6% 0.24 435 63 0.08 0.4% 0.13 4.15 68
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TABLE A3
AUGMENTED DICKEY-FULLER TEST

1998 1999-2001  2002-2006 1% CV* 5% CV**  10% CV#*+*
Stock Returns
Merval -14.60%(0)  -24.70%(0)  -10.66*(14) 345 -2.87 -2.57
Bovespa -16.05%0)  -20.20%(1)  -25.14%(1) 345 -2.87 -2.57
IGPA Gen -3.46%(10)  -18.64%(0)  -8.47%(12) 345 -2.87 -2.57
CSE Index n/a nfa  -8.03%(12) 345 -2.87 -2.57
IPC -14.86%(0)  -22.83%0)  -32.55%(0) -3.45 -2.87 -2.57
IBC -11.00%(1)  -22.91%0)  -20.54*(1) 345 -2.87 -2.57
IBEX 35 —1425%0)  2671%(0)  -847%(17) 345 -2.87 -2.57
Exchange Rates
ARGENTINA
Argentine Peso/ Brazilian Real =7.01%(15)  -9.52%(14)  -7.23%22) 345 -2.87 -2.57
Argentine Peso/ Chilean Peso -14.40%(0) -10.50%(4) -8.45%(22) -345 -2.87 -2.57
Argentine Peso/Colombian Peso -12.53%(1) -26.64*(0) -7.84%(22) -3.45 -2.87 -2.57
Argentine Peso/Mexican Peso -18.03%(0) -20.76%(1) -7.97%(22) -3.45 -2.87 -2.57
Argentine Peso/Venezuelan Bolivar -8.55%(1)  -19.52%2)  -9.11%(22) -3.45 -2.87 -2.57
Argentine Peso/ Canadian Dollar -14.05%(1) —-12.48%(5) -8.18%(22) -345 -2.87 -2.57
Argentine Peso/Japanese Yen -11.68*%(1)  -16.89%((2) -7.78%(22) =345 -2.87 -2.57
Argentine Peso/US Dollar -15.32%(0) -8.89%(25) -8.19%(22) -345 -2.87 -2.57
Argentine Peso/UK Pound -13.55%0)  -27.69%(0)  -7.77%(22) 345 -2.87 -2.57
Argentine Peso/Peseta -15.51%(0) n/a n/a -3.45 -2.87 -2.57
Argentine Peso/Euro na  -26.97%0) —-6.49*%(25) =345 -2.87 -2.57
BRAZIL
Brazilian Real/Argentine Peso -14.05%(1)  -9.52%(14)  -7.23%(22) 345 -2.87 -2.57
Brazilian Real/Chilean Peso —14.14*(0) -8.25%(14) -19.32%(2) -3.45 -2.87 -2.57
Brazilian Real/ Colombian Peso -12.53%(1)  -9.22%(13)  -8.51%(15) 345 -2.87 -2.57
Brazilian Real/Mexican Peso -18.03*(0) -8.90%(14) -14.29%(6) -345 -2.87 -2.57
Brazilian Real/Venezuelan Bolivar -843%(1)  -9.28%(14)  -11.22%(7) 345 -2.87 -2.57
Brazilian Real/Canadian Dollar -14.99%0)  -9.45%(14)  -8.00%(15) =345 -2.87 -2.57
Brazilian Real/Japanese Yen -13.49%0)  -24.53*%0)  -19.06%(2) 345 -2.87 -2.57
Brazilian Real/US Dollar -12.76%(1)  -9.51%(14)  -7.53%(15) =345 -2.87 -2.57
Brazilian Real/UK Pound -11.84%(1)  -16.07%(1)  -16.07*(3) 345 -2.87 -2.57
Brazilian Real/Peseta -15.49%(0) n/a n/a -3.45 -2.87 -2.57
Brazilian Real/Euro nfa  -21.81%0)  -24.81%(1) -3.45 -2.87 -2.57
CHILE
Chilean Peso/Argentine Peso —14.40%(0) -10.50%(4) -8.44%(22) -3.45 -2.87 -2.57
Chilean Peso/Brazilian Real —14.14*(0) -8.25%(14) -19.32%(2) -3.45 -2.87 -2.57
Chilean Peso/Colombian Peso =-12.17%(1)  -25.78%(0)  -11.54%(6) -3.45 -2.87 -2.57
Chilean Peso/Mexican Peso -16.17%(0)  -20.44%(1)  -27.21%(1) -3.45 -2.87 -2.57
Chilean Peso/Venezuelan Bolivar -9.21%(1) -10.76%(4) -7.90%(19) -3.45 -2.87 -2.57
Chilean Peso/Canadian Dollar -1539%0)  -10.57%6)  -28.51%(1) -3.45 -2.87 -2.57
Chilean Peso/Japanese Yen -13.26%(0) -30.10%(0) -28.14%(1) =345 -2.87 -2.57
Chilean Peso/US Dollar -14.09%0)  -10.61%(4)  -30.01%(1) =345 -2.87 -2.57
Chilean Peso/UK Pound -11.55%(2)  -28.69%(0)  -26.82%(1) 345 -2.87 -2.57
Chilean Peso/Peseta —15.43*%(0) n/a n/a =345 -2.87 -2.57
Chilean Peso/Euro na  -15.09%(2) =27.76%(1) -3.45 -2.87 -2.57

Note: * Indicates significant at 1% level. The numbers of lags used in the Dickey-Fuller test are
indicated in brackets.
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TABLE A3 (continued)
AUGMENTED DICKEY-FULLER TEST

1998 1999-2001  2002-2006 1% CV* 5% CV**  10% CV*¥*

COLOMBIA

Colombian Peso/Argentine Peso n/a nla  -8.72%(19) -3.45 -2.87 -2.57
Colombian Peso/Brazilian Real n/a n/a -8.76*(15) -345 -2.87 -2.57
Colombian Peso/Chilean Peso n/a nfa  -11.74%(6) =345 -2.87 -2.57
Colombian Peso/Mexican Peso n/a na  -19.57%(3) -3.45 -2.87 -2.57
Colombian Peso/Venezuelan Bolivar n/a n/a —11.47%(6) -345 -2.87 -2.57
Colombian Peso/Canadian Dollar n/a nfa  -8.28%(13) =345 -2.87 -2.57
Colombian Peso/Japanese Yen n/a nfa  -34.63%0) =345 -2.87 -2.57
Colombian Peso/US Dollar n/a n/a —24.13%(1) =345 -2.87 -2.57
Colombian Peso/UK Pound n/a n/a -31.74%(0) -345 -2.87 -2.57
Colombian Peso/Euro n/a na  -34.11%0) -3.45 -2.87 -2.57
MEXICO

Mexican Peso/Argentine Peso -18.03%(0)  -26.63%(0)  -7.97*(22) 345 -2.87 -2.57
Mexican Peso/Brazilian Real -18.03%(0)  -23.16%(0)  -32.54*%(0) =345 -2.87 -2.57
Mexican Peso/Chilean Peso -16.17%(0)  -26.10%(0)  -37.32%(0) 345 -2.87 -2.57
Mexican Peso/Colombian Peso -13.01%(1) -27.15%(0) -34.83%(0) -3.45 -2.87 -2.57
Mexican Peso/Venezuelan Bolivar -18.29%(0)  -25.96%(0)  -13.41%(4) =345 -2.87 -2.57
Mexican Peso/Canadian Dollar =7.22%5)  -21.04%(1)  -36.02%(0) 345 -2.87 -2.57
Mexican Peso/Japanese Yen —16.12%(0) -25.82%(0) -35.62*(0) -3.45 -2.87 -2.57
Mexican Peso/US Dollar -17.96%(0)  -25.87%0)  -36.82%(0) -3.45 -2.87 -2.57
Mexican Peso/UK Pound -17.36%(0)  -25.64*%(0)  -36.56*(0) -345 -2.87 -2.57
Mexican Peso/Peseta —-6.50%(5) -27.03*%(0) -36.76%(0) -3.45 -2.87 -2.57
Mexican Peso/Euro

VENEZUELA

Venezuelan Bolivar/Argentine Peso -8.55%(1) -19.48%(2) -9.10%(22) -3.45 -2.87 -2.57
Venezuelan Bolivar/Brazilian Real -8.43*%(1) -9.09%(14) -11.22%(7) =345 -2.87 -2.57
Venezuelan Bolivar/Chilean Peso -9.21%(1) -10.11%(6) -7.90%(19) =345 =287 -2.57
Venezuelan Bolivar/Colombian Peso  —12.09%*(1) -4.95%(19) —13.42%(4) -3.45 -2.87 -2.57
Venezuelan Bolivar/Mexican Peso -1829%(0)  -20.95%(1) -10.08*(12) =345 -2.87 -2.57
Venezuelan Bolivar/Canadian Dollar  -14.64*(0) ~ -20.20%(1)  -10.02%(12) =345 -2.87 -2.57
Venezuelan Bolivar/Japanese Yen -13.88%(0) -27.60%(0) —12.69%(4) -3.45 -2.87 -2.57
Venezuelan Bolivar/US Dollar -8.25%(1) -6.42%(10)  -10.06%(12) -345 -2.87 -2.57
Venezuelan Bolivar/UK Pound -13.91%0)  -26.48%0)  -9.97%(11) 345 -2.87 -2.57
Venezuelan Bolivar/Peseta -15.59%(0) n/a n/a -345 -2.87 -2.57
Venezuelan Bolivar/Euro n/a -25.98*(0) -9.22*%(13) =345 -2.87 -2.57
SPAIN

Peseta/Argentine Peso -15.51%(0) n/a n/a -345 -2.87 -2.57
Peseta/Brazilian Real ~15.49%(0) n/a n/a -3.45 -2.87 -2.57
Peseta/Chilean Peso -15.43%(0) n/a n/a 345 -2.87 -2.57
Peseta/Colombian Peso -15.49%(0) n/a n/a -345 -2.87 -2.57
Peseta/Mexican Peso -17.86*(0) n/a n/a -3.45 -2.87 -2.57
Peseta/Venezuelan Bolivar -15.59%(0) n/a n/a 345 -2.87 -2.57
Peseta/Canadian Dollar -15.01%(0) n/a n/a -345 -2.87 -2.57
Peseta/Japanese Yen -15.01%(0) n/a n/a -3.45 -2.87 -2.57
Peseta/US Dollar -15.44%(0) n/a n/a -3.45 -2.87 -2.57
Peseta/UK Pound -13.35%(1) n/a n/a -3.45 -2.87 -2.57
Euro/Argentine Peso n/a -26.10%(0) -8.80%(18) -345 -2.87 -2.57
Euro/Brazilian Real nfa  -22.16%0)  -25.18%(1) =345 -2.87 -2.57
Euro/Chilean Peso n/a -28.14%(0) -28.13%(1) -3.45 -2.87 -2.57
Euro/Colombian Peso nfa  -2482%0)  -23.50%(1) =345 -2.87 -2.57
Euro/Mexican Peso nfa  -26.02%0)  -37.32%0) 345 -2.87 -2.57
Euro/Venezuelan Bolivar n/a -25.32%(0) -9.74*(11) -3.45 -2.87 -2.57
Euro/Canadian Dollar nfa  -2542%0)  -34.07%0) 345 -2.87 -2.57
Euro/Japanese Yen nla  -26.57%0) -33.57*%(0) =345 -2.87 -2.57
Euro/US Dollar nfa  -25.63%0)  -36.70%(0) -3.45 -2.87 -2.57
Euro/UK Pound nfa  =20.67%(1)  -33.82%0) 345 -2.87 -2.57

Note: * Indicates significant at 1% level. Numbers of lags indicated in brackets.



