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This study investigates the stabilitv, volatilitv, risk premiums. and persistence
of volatility in the standardized 1988-98 exchange-converted U.S. dollar equity
retrns of Argentina, Brazil, Chile, Columbia, Mexico. Peru, and Venezuela,
All markets. except Argentina, Colombia, and Mexico, have time-varving risk
premiums. indicative of risk aversion, and all markets have ARCH/GARCH
effects. except Venezuela. which also offer the best potential diversification
gains because of low correlation. This study also investigates refurns’
predictability both in US. dollars and local currency. The predictability
results are mixed, with better results when using local currency. The
nonparametric runs test rejects weak form efficiency for all markets. 'enezuela
and Chile are not stable. Residual kurtosis or fat tails are present in all
markets; Argentina, Colombia, and Peru have serial correlation; shocks te
volatility are persistent only in Brazil. In general, Latin American emerging
markets have shown remarkable performance using return to risk measures:
predictability seems mixed; and the Latin American emerging markets have
volatility elusiering with shocks that decay with time.

Introduction
Emerging markets’ equity flows have increased recently, with market capitaliza-
tion growing at nearly double the rate of the world’s equity market. Latin America’s

* We wish to thank George M. McCabe. editor of the Quarterly Jowrnal of Business and Eco-
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paper’s contribution. Any remaining errors are the responsibility ol the authors. This paper
received the Best Paper in International Finance award at the 2001 Southwestern Finance
Association - SWFAD conference.
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emerging equity markets have concurrently experienced numerous changes, some in
economic policy. For example, Mexico suffered economic crises with the peso col-
lapse in 1994, just two years after NAFTA. [n 1991 Argentina changed its currency
policy. assigning one Argentine peso a value equal to one U.S. dollar, with Brazil
following in 1994, Privatization of state-owned enterprises have occurred, economic
stabilization programs have been enacted. and these markets have opened to foreign
investments at unprecedented levels, with foreign portfolio capital pouring into the
region and its market size growing rapidly. The environment in Latin America now
involves policies that are more market leaning with corporate sector restructuring.
These events over the past decade demand continued research into the performance
of the Latin American stock markets, for their ability to transfer saving into invest-
ment has major implications for the region’s growth and development.

This paper examines, within the context of this environment, the stability,
volatility, risk premiums, and persistence of volatility in the 1988-98 exchange-
converted LS. dollar equity returns of Argentina, Brazil, Chile, Columbia, Mexico,
Peru. Venezuela, and the Latin America (LA) index. It also examines these markets
predictability, using U.S. dollars and local currency returns, to test the robustness of
predictions, This study uses a battery of statistical methods and a relatively large
sample of Latin American countries. unlike previous studies usually limited to a
smaller set or a single country. It aims to examine these emerging markets robustly,
as understanding the performance of these markets is important to portfolio
managers and policy makers alike.

In general, coefficient stability for Box-Jenkins ARMA representations of
weekly returns, volatility effects of expected returns in GARCH frameworks, and the
predictability of equity returns are examined. The findings suggest that Latin Ameri-
can emerging markets have shown remarkable performance using return to risk
measures, have volatility clustering with shocks that decay with time. and are mixed
in terms of predictability.

Literature

Returns, volatility and correlations, and the clustering, persistence, and
forecastability of volatility are the subject of this review, in accord with the
application of these to Latin America’s emerging markets.'

" A large body of evidence exists against random walks for stock returns (Summers, 1986;
FFama and French. 1988: Lo and MacKinlay. 1988: and Poterba and Summers. 1988). Most
studies are conducted on the world’s largest stock markets including the U.S.. Japan, and
Europe. with relatively little research on the equity markets of the developing markets.
Frrunza and Losqg (1985) and Lessard (1973) are exceptions. Also. Urrutia (1993) uses the
variance ratio methodology 1o test four Latin American cquity markets and rejects the random
walk hypothesis. A runs test shows that these are weak form efficient.
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Expected returns in emerging markets can be impressive at times, but are highly
volatile. Barry and Rodriguez (1997) find that the risk and return performance in
Latin America’s equity market has been among the most volatile in the world. Gen-
erally, the literature documents low correlations between emerging and developed
market returns, creating a basis for diversification benefits owing to risk reductions
associated with international portfolios involving emerging and developed markets.’
Gooptu (1993) finds increasing equity flows to developing countries.

Risk and return relationships can be unclear across time periods. leading to more
volatility. Normally, returns and risk premiums are directly related to the asset’s
variance and covariance with the market portfolio (Sharpe, 1964; Lintner, 1965;
Mossin, 1966; and Black and Scholes, 1974). Glosten, Jagannathan, and Runkle
(1993), however. claim that across time periods there is no agreement about the rela-
tion between risk and return. Investors may not demand a high-risk premium if the
risky time periods coincide with periods when investors. better able to bear risk, are
less risk averse. A riskier expected future may motivate investors to save more now,
lowering the premia.’

Volatility clustering has a long history as a salient empirical regularity
characterizing highly speculative prices. but not until recently has the importance of
explicitly modeling time-varying second order moments been recognized. Engle’s
(1982) ARCH, Bollerslev’s (1986) GARCH (q.,p), and Engle’s (1987) GARCH
(q.p)-M models provide methods for modeling the conditional mean as an explicit
function of conditional variance. Bollerslev, Chou. and Koner (1992) averview some
of the developments in the formation of ARCH models and survey their numerous
empirical applications in finance."

Persistence of volatility (spillovers) is necessary, according to Poterba and Sum-
mers (1986), if volatility is to have a significant impact on equity values. Wei, Liu,

* Even among developed markets. studies by Agmon (1972). Granger and Morgenstern
(1970). Grubel and Fadner (1974). Lessard (1976). and Levy and Sarnel (1970) found little or
no covariation in the 1960s and 1970s. The general impression of these studies is that stock
markets across borders are segmented. Later period studies by Panton. Lessig. and Joy (1976).
Hilliard (1979). Watson (1980). Philippatos, Christofi. and Christofi {1983). and Meric and
Meric (1989) corroborate the earlier findings,

" Regardless. U.S. investments abroad do not appear to be the source of excess volatility or
higher turnover in local equity markets. Tesar and Werner (1995) conclude that despite recent
increases in investments in foreign equities, ULS. portfolios remain biased toward domestic
equities. There is no evidence of a relation between the volume of LIS, transaction in foreign
cquities and local turnover rates or volatility of stock returns.

4 Regarding GARCH-M, Chou (1988) states that this model provides a more flexible frame-
work to capture various dynamic structures of conditional variance and allows simultancous
estimation of parameters of interest. Bollerslev (1992) states that GARCH-M provides a
natural tool for investigating the linear relationship between the return and variance of the
market portfolio provided by Merton's (1973.1980) intertemporal CAPM. Engle (1990) advo-
cates the use of the GARCH (q. p)-M in testing for stock market volatility.
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Yang, and Chaung (1995) find no volatility spillover effects in New York, London,
Tokyo, Hong Kong, and Taiwan using a GARCH (1.1) model. But Gallant, Rossi,
and Tauchen (1992) find positive correlation between conditional volatility and vol-
ume, with large price movements followed by high volume, conditioned on lagged
volume. and positive risk-return relationships.

Akgiray (1989) presents various forecasts of market volatility and compares
their accuracy. The predictive capabilities of the ARCH and GARCH models
provide evidence of their usefulness as practical models of stock returns. Choudhry
(1996) finds an ARCH effect using a GARCH (q. p)-M model for all six emerging
markets and the persistence of volatility before and after the 1987 crash.

French, Schwert, and Stambaugh (1987) and Campbell and Hentschel (1992},
using a QGARCH model of changing variance as proposed by Engle (1990) and
Sentana (1991), find evidence of a positive association. But Glosten, Jagannathan,
and Runkle (1993) using GARCH-M and Nelson (1991) using EGARCH observe a
negative intertemporal relation for the U.S. stock market. Bekaert and Wu (2000)
find that volatility in equity markets is asymmetric with returns and conditional
volatility negatively correlated. Wu (2001), following Campbell and Hentschel
(1992), develops an asymmetric volatility model and also finds that volatility in
equity markets is asymmetric.

Koutmos and Booth (1995) investigate the transmission mechanism of price and
volatility spillovers across the New York, Tokyo, and London stock markets and
find strong evidence that volatility spillovers in a given market are pronounced.
Koutmos and Booth (1998) find a significant inverse relationship between volatility
and autocorrelation in six major industrialized countries” stock markets. Campbell,
Grossman, and Wang (1993) find that trading volume and stock returns’
autocorrelation are inversely related for U.S. stock indexes. Sentana and Wadhwani
(1992) document sign reversals in U.S. return autocorrelations, such that low (high)
volatility is associated with positive (negative) autocorrelation. Koutmos (1994)
reports similar findings for European exchange rates.

It appears that many inter-market return relationships worldwide have stable and
low cross-correlation matrices permitting effective portfolio diversification. But
Latin America has proven to be volatile over the last 20 years. There also seems to
be some persistence of volatility and lower levels of predictability in emerging mar-
kets. Risk premiums. however, are expected to vary depending on the investor’s
willingness to take risk. Finally, U.S. investments in foreign equities, despite recent
increases. do not appear to be a source of their excess volatility.

Harvey (1991a), Bekaert and Hodrick (1992), Harvey and Hamao (1992),
Harvey and Ferson (1993, 1994), and Harvey, Solnik, and Zhou (1994) have all
documented the existence of predictable variation in developed country returns.
Recent evidence of predictable variation in the emerging market returns has been
documented in Bekaert (1995). Harvey (1993a.b, 1995), and Claessens, Dasgupta,
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and Glen (1995). Harvey (1993) reports that stock returns of the emerging countries
are highly predictable and have low correlations with developed markets. Poterba
and Summers (1988) indicate that stock index returns may show positive
autocorrelation if some of the securities in the index trade infrequently. The
conclusion from the studies is that predictability of returns is more likely to be
influenced by local information.

Data

This study uses the International Finance Corporation’s (IFC) weekly stock
market index data from December 30, 1988 through June 5, 1998 for Argentina,
Brazil, Chile. Columbia. Mexico, and Venezuela, as well as the IFC Latin America
index (which includes these seven countries). In the case of Peru, the observations
start on January 1, 1993. In all cases the start date coincides with the inception of the
country’s status as an emerging market. The weekly observations contrast to most
other studies, which use either yearly or monthly data. Table | shows the U.S. dollar
(U.S. $) market capitalization and number of stocks in each index as of June 5, 1998,
the ending period of this study. For comparison purposes, we also show these
statistics for the IFC Composite Global index. Latin America accounts for 16.8
percent of the stocks in the composite global index (332 Latin stocks divided by
1.980 total stocks) and 29.7 percent of the composite global market capitalization.

Table 1—Latin America’s Emerging Markets' Weights in the International Finance
Corporation’s Indices, June 5, 1998

Market Weights in IFC Weights in [FC

Country Number Capitalization Latin America Composite Global
Index of Stocks (LS. $ millions) Index (%) Index (%)
Areentina 15 3131674 1 5237 34239
Brazil 87 91.070.88 33.5058 G.9568
Chile 53 37.954.34 13.9637 4.1495
Colombia 27 8.156.57 3.0009 0.8918
Peru 37 9.441.57 34736 1.0322
Mexico 74 88.029 97 32,387 9.6243
Venezuela 19 5.836.25 2.1472 0.6381

271.806.32 100 26.7166
IFC Composite Global Index
| atin America 332 271806 33 29 7166
Asia 1078 34504996 37.7243
EMEA 570 297806.07 32.5591
Composite 1980 914662 36 100

Note: EMEA refers to the Europe, Middle East, and Africa index

These indexes, based on value-weighted portfolios, are designed to serve as
benchmarks that are consistent across national boundaries and include stocks that
satisfy criteria related to size. liquidity, and industry. They include the largest and
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most actively traded stocks in each market, targeting sixty percent of both total mar-
ket capitalization at the end of each year and trading volume during the year. Size is
measured by market capitalization, and liquidity is measured by the value of shares
traded during the year. Only stocks listed on one of the major exchanges in the
emerging markets are included in an index. Stocks are excluded when the issuing
company is headquartered in an emerging market but listed only on foreign markets.
Even though many stocks meet the liquidity and size criteria. only one or two are
needed. and among these are stocks representative of industries in the emerging
market. These indexes, calculated by IFC since 1981. do not take into consideration
restrictions on foreign ownership and are calculated in local currencies as well as in
LS. dollars.

When necessary. the conversion to the U.S. dollars for most markets uses
exchange rates taken from the Wall Street Journal and Financial Times. In the case
of a multiple exchange rate system. IFC uses the nearest equivalent free market rate
or the rate that would apply to repatriation of capital and income. Also, to ensure
consistency. IFC only adds or deletes stocks when coverage drops below 50 percent
or rises above 70 percent of the total market capitalization.

Most often. nominal excess returns (inclusive of dividends) based on U.S.
dollars are used for all markets rather than local currency returns, as these provide a
uniform medium to compare the performance of one market to another. The com-
parison is standardized because inflation differences between countries are captured
somewhat with the exchange-converted U.S. dollars returns, given that these incor-
porate inflation through purchasing power parity and the international Fisher effect.
To examine the robustness of the predictability results, however, the analysis for
these tests also is performed using local currency returns.

The summary statistics for the exchange-converted U.S. dollar weekly returns of
the seven Latin America emerging stock markets studied and the LA index are
shown in Table 2. All markets have positive mean returns. Chile has the highest
Sharpe ratio, followed by Colombia, Mexico, Peru, Argentina, Brazil. and
Venezuela. All markets have excess kurtosis, signifying fatter tails, and the Jarque-
Bera test decisively rejects normality in all markets.

The correlation matrix among these returns is provided in Table 3 and shows
that the correlation among markets seems to be high. except Venezuela. The highest
correlation that Venezuela has is with Argentina (0.5303) and the lowest is with Peru
(0.1566). with most at 0.30 or less. Overall these allow some opportunity for
diversification benefits.
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Methodology
Stahility. The following Box-Jenkins (1976) ARMA (p, q) model is used to test
for stability for each emerging market and the Latin America index,

Vi= Oyt iyt OpYip T €T Bigiit B ¥ sevmmmsans qupq (N
where:
y, = The returns for each market/index (t =1 to T);
o, = The coefficient on the lagged returns (i = 1 to p);
g, = The autoregressive error term: and
B, = The coefficient on the lagged error terms (j = 1 to q).

Once the appropriate model in equation (1) is identified and estimated, then it is
checked for structural stability. The sample of T observations is split, with m in the
first and n (equal to T - m) in the second.” Then the model is identified and estimated
for each sub-sample, with the coefficients for the first given by a;; and B, and the
second by o;; and Bjo. The F-test is used to test the null hypotheses of no structural
change or that the corresponding coefficients for each sub-sample are equal (o
equals a;; and PB; equals B). If the F-test cannot reject the null and @ is positive,
then the returns for the market/index are deemed stable over time.

Volatility, Risk Premiums, and Persistence of Volatility. The GARCH (q, p)-M
methodology (Engle, 1982; Bollerslev, 1986; Engle and Bollerslev, 1986: and Engle
et al., 1987) is used to examine the volatility, risk premiums, and persistence of
volatility. In this approach, the conditional variance at time t, h (equal to Ewi&l). is
equal to

q il
h, = au+2a,e,_,3 +Z,th,,, (2)
1=1 =1

where the ARCH model for g, is

2

)

24102

5= v,(a”+Za{£,_, |
i=1

The return-generating process is specified by
Yi& P=+8*hllz+gl (3)
where €, ~ N (0, h)).

The size of @ in equation (2) indicates the magnitude of the effect imposed by
the lagged error term £, on the conditional variance h, and. if significant, implies the
existence of an ARCH process in the error terms (volatility clustering). If the size of
the sum of o; and B, in equation (2) equals one, then current shocks persists indefi-
nitely in conditioning the future variance. It also represents the change in the
response function of shocks to volatility per period. such that a value more (less)

¥ Samples for the seven Latin American markets are split in equal parts for the F-test,
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than unity implies that the response function of volatility increases (decreases) with
time.

The presence of h,'* in equation (3) provides a way to directly study the explicit
trade between risk and expected return. The significant influence of volatility on
stock returns is captured by the coefficient & of h,'”, as it represents the index of
relative risk aversion (time-varying risk premium). A significant and positive &
implies that investors are compensated with higher returns for bearing higher risk,
while a significant and negative coefficient & implies that investors are penalized for
bearing risk.

Predictability. The Ljung-Box Q statistic is used to test for the Box-Jenkins
model’s adequacy and predictability of returns. The individual t-statistics are
obtained from the autocorrelation functions (ACF). The Lo and MacKinlay (1988)
variance ratio test (using q week holding periods) is used to test for a random walk in
returns (that they are identical and independently distributed and a linear function of
the holding period). Deviations from a random walk can indicate some form of
return predictability.

Mean and variances are calculated as follows,

= | ng |
S — Z(XJ\ “Xyy)= _(an - Xy)
nq k-1 ng
where (1= mean and q = |
_ 2 I m 3
O, = X =Xy -l)”
ng -1k
where &,” = variance and ng — | = total observations.
L[4 |
= zl (Xk - Xk—q _(-H-l)-
m k=q

where 6.” = variance of observation with q=landm=gq(ng—q+ 1)1 -qg/ng).
Variance ratios are calculated as,

md(q) :Ec3 _6;1

Under a heteroscedastic increment, the statistics ﬁd(q) and ﬁ,(q) all converge
almost to zero for all g as n increases without bound.

Both 6(j) and 8(q) are heteroscedasticity-consistent estimators,

nq 5
k-_a(l‘(k =X =) (X i~ Kgejor —1)°
i

8(j) =

g .
(kzl(xk =X —H)7)

0(q) = V[ (qq 2a-Dp5



32 Haque. Hassan. and Varela

and
Z4q) = \/@V}[(q) _
0

"

Under the null hypothesis, the value of the variance ratio is one and the test
statistic has a standard normal distribution (asymptotically). When the variance ratio
is greater than one, then returns are considered predictable.

Weak form market efficiency is examined using a runs test (Levene, 1952) used
by Urrutia (1995). This is a nonparametric test used for detecting the frequency of
the changes in the direction of a time series. The runs test determines whether the
total number of runs in the sample is consistent with the hypothesis that changes are
independent. The standard normal Z-test statistic used to conduct a runs test is given
by:

Z=M-E M)/ [&M)]"

where:
M = The actual number of runs:
E(m) [equal to 2N-1)/3] =  The expected number of runs;
(M) [equal to (16N-29)90] =  The variance of M runs; and
N = The number of observations.

Positive (negative) Z-values indicate the sample contains greater (less) than the
expected number of runs.

Empirical Results

The stability F-statistic test results in Table 4 show that. at the one percent level.
returns are not stable for Chile and Venezuela. Recall that the ARMA model is esti-
mated for two sub-samples. The F-statistic tests whether the coefficients for each
sub-sample are equal. indicative of no structural change. In Table 4, these F-statistics
are significant at one percent for Chile and Venezuela. These markets during the
period of this study may have gone through a process of institutional changes, in line
with research that suggests that institutional features and changes in emerging mar-
kets can be a factor underlying instability (Roll. 1989).

The volatility, risk premiums, and persistence of shocks to volatility for all mar-
kets. including the Latin America index. are reported in Table 5. along with the
results for skewness, excess kurtosis, and Q statistics for the residuals. All markets,
except Venezuela, have ARCH/GARCH effects (via the significance of the a and 3
coefficients), evidence of significant volatility clustering. But shocks are not
explosive throughout because the ARCH parameter « (in model 3, Table 5) is
significantly less than unity. The significant influence of volatility on stock returns IS
captured by the term &6*h,’  (in model 1. Table 5), The coefficient & represents an
index of relative risk aversion (or time-varying risk premium). This coefficient is
significantly positive for Argentina, Colombia, Mexico, and the Latin America index
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at the ten percent level, with Brazil and Chile almost significant at this level. A sig-
nificant time-varying risk premium exists in these markets, with investors
compensated with higher returns for bearing higher risk. Excluding Venezuela,

which shows no ARCH/GARCH effects, only Peru appears to have no time-varying
risk premiums. Consistent with the earlier findings of the Jarque-Bera test for nor-
mality of returns, residual kurtosis exists in all markets (Ku), with thicker tails than
in a normal distribution. The Ljung-Box statistic [Q(30)] indicates the presence of
serial correlation at the one percent level in the test residuals for Argentina, Colom-
bia, and Peru.

The persistence of shocks to volatility is indefinite in conditioning future vari-
ance in the GARCH-M model if (o + B) equals one (Engle and Bollerslev, 1986).
Moreover, if (o + B) is greater (smaller) than one, then the response function of
volatility increases (decreases or decays) with time (Chou, 1988). In the present
study, Brazil is the only market for which (o + B) is greater than (but insignificantly
different from) one. In Brazil, shocks to volatility may be permanent, implying that
the conditional variance is nonstationary and that volatility movement affects stock
prices.’

For the remaining markets, the persistence measure is less than unity, implying
that shocks decay with time. Chile, for example, has a response function decay rate
of 0.787 per week. such that after one year the proportion of shock that remains is
negligible at 0.0000039, i.e., (0.787)". The proportion of shock that remains in the
case of the Latin America index after one vear is about 1.44 percent of the initial
general, the same predictability results are obtained whether using U.S. dollars or
local currency returns and autocorrelation or Ljung-Box statistics.

The Lo and MacKinlay (1988) results (Z-statistics adjusted for heteroskedastic-
ity for a two, four, eight, 16, and 32 week holding period)’ show that for U.S. dollars
returns the LA index seems predictable for four, eight, and 16 week holding periods
at 5 percent significance (Table 7, Panel A). Also, Colombia seems predictable for 8,
16, and 32 week holding periods at 5 percent significance (or lower), Chile for two,
four, eight, and 16 weeks at 5 percent (or lower), and Venezuela at eight. 16, and 32
weeks at 5 percent or higher (Table 7, Panel A). Lo and MacKinlay also show that
predictability seems to be more pronounced in local currency (Table 7, Panel B), in
line with previous findings that predictability is more likely to be influenced by local
information. In local currency. Brazil and Colombia seem predictable for two, four,
eight, 16, and 32 week holding periods (at different significance levels). Also, Chile
seems predictable for two, four, and eight weeks, and Venezuela for eight, 16, and

® A significant impact of volatility on the stock prices can occur only if a shock to volatility
persists over a long time (Poterba and Summers. 1986).

" Urrutia (1995). points out that computations of larger variance ratios (i.e.. 48 or higher) are
not appropriate and would probably yield spurious results considering the changing nature of
the emerging markets.
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32 weeks. These results are in line with Claessens, Dasgupta, and Glen's (1995)
predictability results using 1976-1992 monthly returns and Harvey (1993) who finds
emerging markets to be highly predictable.®

The nonparametric runs test results for weak form efficiency in U.S. dollars and
local currency are shown in Table 8, Panels A and B. The Z-statistics indicate that
the hypothesis of independence is decisively rejected for all cases, suggesting that
Latin American equity markets are weak form inefficient. These results contrast with
Urrutia (1995) who found four Latin American markets to be weak form efficient.

The performance of the model’s predictive ability is applied to the last two years
(104 weeks) of the data set with the results shown in Table 9, Panel A for U.S. dol-
lars and Panel B for local currency.” The ARCH/GARCH model’s predictive ability
is good, as the squared forecast error means are significant throughout. The ability of
ARCH models to provide good estimates of returns’ volatility is well documented,
and these results are consistent with that literature.'

Overall. the rejection of weak form efficiency and the predictability of the mar-
kets studied, especially in local currency, suggest that domestic investors could
detect patterns in stock price, develop trading strategies. and earn abnormal returns.
The caveat, however, is that in emerging markets, the appearance of profitable trad-
ing strategies might be due to other factors, such as time-varying risk premia (as
found in Table 5). Also, the presence of autocorrelation in Latin American markets
may be due to the rapid pace of growth of their economy and capital markets, rather
than evidence against market efficiency.'' Finally the return for the LA index is sta-
ble and predictable. Of course, the stability and predictability of the LA index may
be due to the fact that Mexico and Argentina comprise 44 percent of the index. It is
conceivable that foreign investors are concerned with Latin America as a region
rather than a set of competing investment opportunities represented by the indices of
individual countries. In that case, the fact that the LA index returns are stable and
predictable has important portfolio implications.

¥ Variance-ratios larger than one suggest positive autocorrelation. Our results tend to agree
with Lo and MacKinlay (1988). Poterba and Summers (1988). and Urrutia ( 1995).

“ In this test, the models predictions are made for the last two years of the existing data set
and compared to the actual data for that period.

" Akgiray (1989) notes that the predictive capabilities of the ARCH and GARCH models
constitute further evidence as to their overall usefulness as practical models of stock returns.
Many studies. including Bollersley (1987). Nelson (1991), and Glosten, Jagannathan. and
Runkle (1993). show that the parameters of a variety of different ARCH models are highly
significant.

"' Lucas (1978) states that the existence of autocorrelation in financial markets does not neces-
sarily imply market inefficiency.
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Table 7 Panel A—Predictability Test Summary Statistics for Latin America Indexes and
Latin American Emerging Markets. Based on Lo and MacKinlay Test, Weekly Returns, 1988-

98 (U.S. §)
INDEX V(2) Vid) V(8) V16) Vi(32)
Latin America 1.07745 1.26351%* 1.460201*%*  |.62645%* 1.28030
493 Observations  Z(q) 1.71796 206312 2.23629 2.1246 0.61260
5L 0.28128 0.03910 0.02533 0.03362 0.54014
Argenting 1.O1715 1.08552 1.10296 1.05785 1.07290
493 Observations  Z(q)  0.38041 0.69250 065113 0.19620 0.15780
Sl 0.70304 0.48862 0.51497 084446 0.87461
Brazil 1.01372 104905 1 08688 0.99861 0.72939
493 Observations  Z(g) 030433 038408 0:47726 -0.00473 -0.58583
SL 0.76088 0.70092 0.63318 (.99623 0.55799
Colombia LOBGAI*** 1 22022%+* | 50197* 1.82952* 2.30621*
493 Observations  Ziqy  1.91670 1.73970 275551 2 81320 2.82773
SL 0.05528 0.08191 0.00587 0.00491 0.00469
Chile 1.09933*% 1.39396% 1.72221* 1. 74484%* 1.51122
493 Observations  Z(q)  2.20570 3.08459 3.96840 2.52639 1.10691
SL 0.02740 0.00204 0.00007 0.01152 0.26834
Mexico 1.19717* 1.50031* 1.82354* 2.19844* 1.94549%*
493 Observations  Z(q)  4.37190 3.91860 4.52400 4.39076 2.04680
SL 0.00001 0.00138 0.00001 0.00001 0.04068
Peru 1.03970 1.16755 1.32735 1.17394 0.72951
284 Observations  Z(q) 0.66970 0.99519 1.36760 0.44860 -0.44531
SL 0.50305 0.31754 0.17144 0.65372 0.65610
Venezuela 1.06893 1.15749 1.39152%* 1.63509%* 1.75834%**
493 Observations  Z(q) 1.52830 1.23302 2.15080 222167 1.64190
SL 0.12644 0.21757 0.03149 0.02631 0.10061

Final Conclusions and Comments

This study examines the stability, volatility, risk premiums, and persistence of
shocks to volatility in the exchange-converted U.S. dollar returns of equities in
Argentina, Brazil, Chile, Columbia, Mexico, Peru, Venezuela, and Latin America
index using IFC weekly data within the 1988-98 period. It also examines the
predictability of these markets using returns in both U.S. dollars and local currency.
Box-Jenkins (1976), GARCH (q. p)-M, Ljung-Box, Lo and MacKinlay (1988), and
nonparametric runs test methods are used to conduct the investigation.

All markets except Mexico, Peru, and Venezuela have time-varying risk premi-
ums, indicative of risk aversion. with Chile having the highest Sharpe ratio. All
markets except Venezuela have ARCH/GARCH effects. Venezuela seems to be the
best market for gains from diversification. because it has the lowest cross-correla-
tions with all other markets. All markets have residual kurtosis or fat tails, and
Argentina, Colombia, and Peru have serial correlation. Shocks to volatility are per-
sistent only in Brazil, with the shocks decaying in other markets to the point where
effects are fairly negligible in one year or less. The predictability test results are
mixed, with predictability pattern more pronounced when using local currency.
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Table 7 Panel B—Predictability Test Summary Statistics for Latin America Indexes and
Latin American Emerging Markets. Based on Lo and MacKinlay Test, Weekly Returns, 1988-
98 (Local Currency)

INDEX V(2) Vid) V(8) Vie) V(32)
Argenting - * 1.0329 110323 1.14343 1.13965 118099
493 Obs Z(q) 0.72981 0.25277 0.78795 047363 0.3918
SL 046551 0.80043 0.43073 0.63576 0.6952
Brazil 0.83630% 0.70683** 0.60673%%  0.48185%*%  (.3374]
493 Obs Z{q) 3629 -2.3435 -2.1604 -1.7573 -1.43434
SL 0.00028 0.0191 0.03074 0.07887 015148
Colombia 1.10034** 1.26902*#* |.56872% 1.86195% 2,06343**
493 Obs Ziq) 223 2.1083 3.0896 29234 23013
SL 0.02573 0.035 0.002 0.00346 0.02137
Chile 1.09698** [32113%* 1.54433* 1.42259 1.33036
493 Obs 20 215169 251433 2.99034 1.43323 071539
Sl 0.03142 0.01193 0.00397 0.13179 047437
Mevico 1.067996 1170485 1.164532 1.158687 1.00728
493 Obs 7(q) 1.5084 1.3349 0.9038 (.5383 0.01576
SL 0.131452 0.181909 0366101 0.39037 0.987426
Peru 1.04981 1.15268 1.31067 114595 0.73123
284 Observations Z(q)  0.8384 0.9076 1.2936 0.3754 -04416
SL 040181 0.36409 0.1958 0.70736 0.65878
Venezuela 1.07198 1.17337 1.46325* 1.92202* 2.08513%*
493 Obs Z1q) 1.5963 1.3591 25474 31277 23483
Sl 0.11038 0.17412 0.01085 0.00176 0.01886

Note: The variance ratio test based on Lo and Mackinley(1988) is consistent under heteroskedasticity.
Under the random walk hypothesis, which assumes that retums are 1i.d across time. relurn variance
inereases lnearlv with the length of holding period. Deviations indicate rejection of the random walk
hypothests and provide evidence that returns are predictable. Calculation are for 7q~ week holding periad.
Z(q) test statistics have been adjusted for heteroskedasticity. S1. denotes the significance level
* Sienilicant at the | percent level
¥ Signilicant at the 5 percent level
**=  Significant at the 10 pereent level
In general, Latin American emerging markets are stable, have volatility cluster-
ing with shocks that decay with time, and exhibit time-varying risk premiums. These

emerging markets are, to some extent, predictable.
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