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Abstract

Understanding volatility in emerging capital markets is important for determining the
cost of capital and for evaluating direct investment and asset allocation decisions. We
provide an approach that allows the relative importance of world and local information to
change through time in both the expected returns and conditional variance processes. Qur
time-series and cross-sectional models analyze the reasons that volatility is different across
emerging markets, particularly with respect to the timing of capital market reforms. We
find that capital market liberalizations often increase the correlation between local market
returns and the world market but do not drive up local market volatility.
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1. Introduction

It is now well known that equities from emerging capital markets have vastly
different characteristics than equities from developed capital markets. There are
at least four distinguishing features of emerging market returns: higher sample
average returns, low correlations with developed market returns, more predictable
returns, and higher volatility. Our research focuses on this last feature.

The question of why volatility is so different across emerging equity markets
is an important one. In segmented capital markets, risk premiums may be directly
related to the volatility of equity returns in the particular market. Higher volatility
implies higher capital costs. Higher volatility may also increase the value of the
‘option to wait’, hence delaying investments. Our research helps understand the
forces that shape both the time-series variation and cross-sectional dispersion of
volatility in 20 emerging equity markets.

We face a number of challenges in trying to understand volatility in emerg-
ing equity markets. First, given the evidence of nonnormalities in the market
returns (see Harvey, 1995a), it is unlikely that the standard implementation of
autoregressive conditional heteroskedasticity (ARCH) models (see Engle, 1982;
Bollerslev, 1986) is fruitful. As a result, we study models that explicitly account
for leptokurtosis and skewness. Second, given the existing evidence on return
predictablity (see Bekaert and Harvey, 1995), our variance specifications allow
for time-varying conditional means. Third, our models of both the means and
volatility are designed to let the relative importance of local and world informa-
tion shift through time as emerging equity markets become more or less integrated
into world capital markets. Indeed, part of our goal is to document how this rel-
ative influence changes through time. We argue that the increasing impact of
world factors on volatility in some countries is consistent with increased market
integration.

After studying the time-series properties of volatility, we use our conditional
variance estimates to analyze the cross-section of volatility. Following Schwert
(1989a,b), we investigate whether the cross-sectional dispersion in volatility is
related to a number of macroeconomic and microstructural variables as well as
measures linked to financial and economic integration.

We also use our cross-sectional framework to investigate whether capital mar-
ket liberalization policies affect volatility after controlling for other factors that
might affect volatility. The evidence in Kim and Singal (1994), based on av-
erage volatilities, suggests that volatility increases. De Santis and Imrohorogiu
(1996) find no significant impact on volatility. As is clear from Bekaert and
Harvey (1996a,b), insight on this issue is of great importance for policy makers
in developing markets who may be weighing the costs and benefits of various
liberalization initiatives.

The paper is organized as follows. Section 2 presents the distributional charac-
teristics of the emerging market data. The third section presents the econometric
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time-series models. Section 4 contains the empirical results. In the fifth section,
we present an analysis of the cross-sectional patterns in volatility and detail how
capital market reforms affect volatility. Some concluding remarks are offered in
the final section.

2. Data and summary statistics
2.1. Sources and preliminary analysis

Data are available for 20 emerging markets from the International Finance
Corporation (IFC) of the World Bank. Summary statistics for U.S. dollar returns
are presented in Table 1 for the period January 1976 to December 1992. The
statistics include the average (annualized) arithmetic return, annualized standard
deviation, and the first-order autocorrelation. Each country’s total return index is
based on a value-weighted portfolio of securities that represents about 60% of
the market’s capitalization.

The emerging market returns are characterized by high unconditional volatility
ranging from 18% (Jordan) to 104% (Argentina). There are 12 emerging coun-
tries with volatility higher than 33% (Argentina, Brazil, Chile, Greece, Mexico,
Nigeria, Philippines, Portugal, Taiwan, Turkey, Venezuela, and Zimbabwe). Three
additional countries have volatility greater than 30% (Colombia, Indonesia, and
Korea). Both the range and the magnitude of the volatilities are much greater
than found in developed markets. Using the same sample period, Harvey (1993)
finds that volatility in developed markets ranges from 15% (U.S.) to 33%
(Hong Kong) with an equally weighted average volatility of 23%.

In focusing on emerging equity markets, a natural concern arises regarding
potential survivorship biases. Harvey (1995a) shows that the pre-1981 data in
nine countries is ‘backfilled’ by the IFC. That is, firms are selected in 1981, and
their price data are then recorded back to 1976. However, his analysis shows
little difference between the 1976-80 data and the later data. More fundamen-
tally, some of the countries in our sample (such as Argentina) have emerged,
submerged, and re-emerged. A sample of the most recent 18 years will likely
produce biased statistics because this sample does not include the submerged
period. This argument is articulated and supported with simulation evidence in
Goetzmann and Jorion (1996).

2.2. Distributional characteristics

Evidence that many of the emerging market returns depart from normality is
also presented in Table 1. If the data are normally distributed, then the coeffi-
cients of skewness and excess kurtosis should be equal to zero. Richardson and
Smith (1993) and Harvey (1995a) test for normality of equity returns based on
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Hansen’s (1982) generalized method of moments (GMM). The following system
of equations is estimated for each asset i:

€lit =Fit — Mi s
2 N

ey = (ryy — wi)" — i,

esi = [(ra — w14, — sk , (1)
47/ ¢2

e4ir = [(rie — i)'/ 1% =3 — xku;,

where u is the mean, ¥ is the variance, sk is the skewness, xku is the excess
kurtosis, and e, ={ey; ez e, ey} represents the disturbances, where E[e,] = 0.
There are four orthogonality conditions and four parameters, implying that the
model is exactly identified. The null hypothesis that the coefficients of skewness
and excess kurtosis are zero is tested with a Wald test.! We also present the more
traditional Bera—Jarque (1982) and Kolmogorov—Smirnov tests for normality.

The GMM test suggests that the null hypothesis of unconditional normality
can be rejected at the 5% level in 15 of the 20 emerging markets when mea-
sured in U.S. dollars. The Bera—Jarque (Kolmogorov—Smirnov) test provides ev-
idence against the hypothesis of normality in 18 (15) of 20 countries. These
results are consistent with Harvey (1993a) and Claessens, Dasgupta, and Glen
(1995). Monte Carlo analysis of the GMM test statistics suggests that only five
countries (Argentina, Colombia, Greece, Korea, and Turkey) exceed the empir-
ical critical value for a test with size 5%. There are two additional countries,
Brazil and Thailand, whose test statistic is very close to the empirical cut-
off. However, the Monte Carlo analysis of the Bera—Jarque and Kolmogorov—
Smirmnov tests suggests that 18 and 15 countries, respectively, exceed the critical
value.

The second panel in Table | investigates the power of the GMM normality
tests. The data generation process under the null is a standard normal distribution.
Under the alternative, we use a mixture of normal distributions model with a mean
equal to zero and a variance equal to unity but with five different configurations
of the skewness and kurtosis coefficients. For the sample sizes that we face and
given the high point estimates, we believe that the data are more likely to have
been drawn from a distribution that departs from normality.?

'Richardson and Smith (1993) present this general framework. However, our weighting matrix is
based on the spectral density at frequency zero with an optimal bandwidth which follows Andrews
(1991). An alternative approach, presented in Harvey (1995a), is to set sk and xku equal to zero and
estimate an overidentified system. This results in a x> test with two degrees of freedom.

ZAnalysis of the power of the Bera-Jarque and Kolmogorov—Smirnov tests are available on request.
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3. A world factor model of conditional variances
3.1. The general model

Let r;, represent the arithmetic excess return on the national equity index of
country i in U.S. dollars. Our model has the following general form:

Fio = Mig—1 + &y (2)
it = Vig—18ws + €ig s (3)
(0'1(,;)2 = E[eiz,z [ ]l=c + “i(0£[_1 )2 + Biezz.p—l + }'iSi.re,'zJ_1 5 4)
e, =0z, (5)

where I,_; is the information available at time ¢ — 1. The conditional mean return
for country / is given by p;,—;. The unexpected portion of country i’s return,
&1, 18 driven by in part by world shocks, &, ;, as well as a purely idiosyncratic
shock, e;,. The dependence of local shocks on world shocks is determined by
vi1—1. The local idiosyncratic standard deviation is a,f, and z;, is a standardized
residual with zero mean and unit variance. Finally, S;, is an indicator variable
that takes on the value of one when the idiosyncratic shock is negative and zero
otherwise.

The model that describes the world market returns and variances is a special
case of (2)~(5), with i = w, 6/, = 0w, Vw1 = 0, and ;1 = 6,X-1,
where X,_| represents a set of world information variables including a constant,
the world market dividend yield in excess of the 30-day Eurodollar rate, the
default spread (Moody’s Baa minus Aaa bond yields), the change in the term
structure spread (U.S. ten-year bond yield minus three-month T-bill yield), and
the change in the 30-day Eurodollar rate. These variables are designed to capture
fluctuations in expectations about the world business cycle (see Harvey, 1991).
All of these information variables are lagged.

The generalized autoregressive conditional heteroskedasticity or GARCH(1,1)
specification in (4) is the Glosten, Jagannathan, and Runkle (1993) and Zakoian
(1994) model, which accommodates asymmetries in the volatility of equity re-
turns. Engle and Ng (1993) find that this model performs better than other asym-
metric models in Monte Carlo experiments. It is typically found that y; > 0, that
is, negative shocks increase volatility by more than positive shocks (see Black,
1976; Christie, 1982; Schwert, 1989a; Nelson, 1991; Glosten, Jagannathan, and
Runkle, 1993). One explanation is that the leverage of the firm increases with
negative returns, inducing a higher volatility. These leverage effects will most
likely be found in firms that already employ considerable debt financing. While
we do not have data on the debt—equity ratios of individual firms in the emerging
markets, many of the countries themselves are highly levered. Hence, it seems
important to allow for the possibility of asymmetries in the variance function.
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Note that for the emerging markets, asymmetry is defined through the idiosyn-
cratic shock. Any potential asymmetry in the world market return variances enters
through e, ,.

Furthermore, we assume

Eleiej | 1,41] =0, Vi#j, (6)

Eleien:|L=1]1 =0, Vi. (7)
Hence, the model implies

Ele}, L] =0}, = viimy00, + (o], ), (8)

Elei 6w [ 1i1] = vi0210%, = Gy - %)

We will explore two parameterizations for y;,.; and v;,_, so as to allow for

both local and world influences in the mean and the variance. In both cases,
the influence on volatility is allowed to change through time as a function of
local variables that contain information regarding the country’s degree of financial
and economic integration with world markets. In the first parameterization in
Section 3.2, y;,— and v;,_ are assumed to be linear in the information variables.
The second parameterization proposes a nonlinear model. Section 3.3 discusses
our distributional assumptions about the scaled residuals, and Section 3.4 outlines
the construction of the likelihood function. Finally, Section 3.5 describes our
specification tests.

3.2. Conditional mean and variance specification

3.2.1. The linear model

In integrated world capital markets, shocks to the world market return affect
all countries that have nonzero covariances with the world market. Bekaert and
Harvey (1995) develop a model of the conditional mean return in emerging
markets that allows for time-varying influences of both local and world factors.
We apply the same type of intuition to our variance model. That is, as a market
becomes more integrated, borh the conditional mean and the variance should
be more influenced by world factors. Our first model focuses primarily on the
conditional variance. We let y; ,, and v;,, be linear in the information variables
(linear model):

ii—1 =61 X -1 + 85X, (10)
Vit = o+ 40 X1 (1

where X,_; is defined as before and X;,_; represents the local information vari-
ables: a constant, the equity return, the exchange rate change, the dividend yield,
the ratio of equity market capitalization to gross domestic product (GDP), and
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the ratio of trade to GDP, all of which are lagged. Hence, the conditional mean
depends on both local and global variables but the weights are kept fixed over
time. The evidence in Garcia and Ghysels (1994) suggests that if expected returns
in emerging markets are conditioned exclusively on world information variables,
there is evidence of structural instability in linear models.

In Eq. (11), X[,_, includes market capitalization to GDP and the size of the
trade sector (exports plus imports divided by GDP), both of which might proxy
for the degree of integration. When capital markets open up to foreign invest-
ment, the change in the marginal investor typically increases the ratio of market
capitalization to GDP. International trade may enhance the cross-country correla-
tion between consumption and business cycles which, in turn, can lead to prices
of risk and/or risk exposures moving together, even when capital markets are
segmented. Hence, the dependence of the conditional variance on world factors
is allowed to change with the degree of integration.

3.2.2. The nonlinear model

In the nonlinear model, the influence of local and world information on the
emerging market’s expected returns is also allowed to change through time.
Following Bekaert and Harvey (1995), we let

Hir—1 = gi,tv]Kz'ls;xtfl +(1 - ()i.lfl)(‘sl{xi,l—l)- (12)

The parameter 0, ,_ represents the importance of the world information variables.
We restrict

(AX] )

_ 13
L+ (AX], P (13

it—1
to fall in the range [0,1]. Note that the nonlinear relation in (13) implies that the
relation between X7, | and 6;,_; need not be monotonic over the sample. This
is useful when market capitalization increases because of local factors, such as
the introduction of a private pension plan.
We also let

Vi1 = &y, (14)

where ¢; is a scale parameter and ;, | represents the importance of the world
shock, which is also restricted to fall in the [0,1] range:

X5
l/ji.l—l :*I%ﬁz (15)
U+ (X5 —)
As with 6;,_,, ¥, ,_, is a time-varying, nonlinear function of local information

variables that proxy for the degree of integration.
This nonlinear model is related to, but different from, the factor ARCH models
of Engle, Ng, and Rothchild (1990, 1992), King, Sentana, and Wadhwani (1994),
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and Diebold and Nerlove (1989). In these models, a world factor is allowed to
influence volatility at a constant rate. In the special case where 0, ,_1=v;,—1 =1
for all ¢, the variance model is similar to the Engle, Ng, and Rothchild model.
If 6,_, =1 and 6:VX,,| is the world market premium, then the x; coefficient
in the conditional mean specification can be interpreted as the constant factor
loading in a world capital asset pricing model. These factor models also imply
the restriction x;=¢;. We perform tests of «;=¢; and 6;,_, =y;,—1 both jointly
and separately. In contrast to the factor ARCH models, our specification allows
for both local and world influences in the mean and the variance. Importantly,
the influence is allowed to change through time as a function of local variables
that contain information regarding the country’s degree of financial and economic
integration with world economic markets.

3.2.3. Implications for conditional correlations

The covariance dynamics of the model in Eq. (9) have two important implica-
tions. First, the covariance with the world market return is positively related to
the degree of market integration. Second, the covariance with the world return
increases in times of high world market volatility. As such, our results contribute
to the recent literature on international stock market linkages.?

The two stylized facts often noted in this literature are that the process of
globalization and deregulation has increased the correlations between stock mar-
kets over time and that the correlation between markets rises in periods when the
volatility of markets is large (for example, around the October 1987 crash). How-
ever, the empirical evidence, particularly on the first fact, is mixed. For example,
although Longin and Solnik (1995) document an upward trend in international
correlations, King, Sentana, and Wadhwani (1994) argue that the increase in
correlations may be transitory and related to the October 1987 crash.

In the empirical section, we focus on two statistics. The first is the correlation
of the emerging market return with the world market return. The world market
correlation in our model is given by

Pt = i 2L (16)
P

4!

Hence, correlations increase when markets become more integrated or when world
market volatility is high relative to local volatility, The latter mechanism is the
only one present in the model of King, Sentana, and Wadhwani (1994) to induce
higher correlations between markets. A trend in the correlations can only arise
when the factors in their model exhibit integrated GARCH behavior. Below, we

3See King and Wadhwani (1990), King, Sentana, and Wadhwani (1994), Longin and Solnik (1995),
and Karolyi and Stulz (1996). Erb, Harvey, and Viskanta (1994) show that correlations are higher
in down markets and during recessions.
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graph the conditional correlations implied by the model. We also investigate their
behavior post-crash and post-liberalization relative to the full sample.

Second, we examine the proportion of local variance accounted for by world
factors. The following variance ratio is computed:

o3,

02171 t
VR == €lo.1]. (17)
Oi

Using the definition in (9), we can equivalently write:

Ui,t—10iw,1

VR, = (18)

2
O

The variance ratio can be decomposed into three pieces representing the degree
of integration, the correlation, and the volatility ratio, respectively,

0; w,l GW', 4

éi‘pi,l—l 5

, .
;10w T

VR; . gives an indication of the proportion of the conditional variance that cannot
be explained by local factors. We will also examine the time variation in VR;,
post-crash and post-liberalization.

3.3. Distributional assumptions

We show in Section 3.4 that under certain conditions the joint likelihood of all
the data collapses into the univariate models described in (2)—(5). This makes it
particularly easy to accommodate different distributional assumptions in the stan-
dardized residuals. In particular, there are three different distributional assumptions
in the general model:

Model I : zii [ I—1 ~N(0,1),

Model 11 : Zit |I,_1 ~ t\',(().l) , (19)

2l {N(/Ji.lso'z.l)y w.p. pi,
S N(pi2,0:2), w.p. (1 —p;).

Model 111 :

The first model is the standard normal formulation. The second model introduces
a t-distribution with v; degrees of freedom. This is a one-parameter extension of
model I. While able to accommodate fat tails, the assumed distribution in model
IT is symmetric.

The third model is designed to capture both fat tails and skewness (which quite
a few of the emerging markets exhibit). Model III is a parsimonious version of
semiparametric ARCH (SPARCH) (see Engle and Gonzalez-Rivera, 1991; Gray,
1995). Since in ARCH models the conditional mean of the standardized residuals
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is equal to zero and the conditional variance is equal to one, additional constraints
need to be imposed:

Hi2 = ——pi'ui;l,
1 — p,'
(20)
N R piot — (pid + (1 — pud,)
" 1 —pi '
Hence, this model is a three-parameter extension of the standard model.
3.4. Estimation
Let v, = [Fy.tsF1sP2ss- - rng) and let Z, represent the vector of instrumental

variables used in the model. Hence, the information set I, in our model consists of
[#/,Z}). Rather than maximizing the joint likelihood of all the data, we simplify
the problem in two major ways.

First, we do not model the dynamic behavior of Z, and maximize the condi-
tional likelihood function of the returns data. Second, we estimate the resulting
likelihood function for the return data in two stages. In the first stage, we es-
timate the world market return model. The second stage estimates the model
(2)—(5) country by country, conditioning on the world market model estimates.
We report White (1982) standard errors that are robust to misspecification of the
distribution of the error terms. However, we do not correct for the sampling error
of the world market model parameters in the first-stage estimation. This approach
yields consistent but not necessarily efficient estimates.

Appendix A formally shows how the joint likelihood function of all the data
collapses to 21 univariate models. Important assumptions underlying our country-
by-country estimation are: (a) the density of r,, conditional on I,_; (for our
nonlinear model, for example) depends only on 0w:[5;,,cw, %, Bw] and not on
any 0; = (8, ci, o, fi, ki, $iv Aj, E11 for all 4; (b) the density of r;, conditional on
I,y and r,,, depends on [@,,0}] and not on any §;, j # i; and (c) the individual
idiosyncratic shocks are independent across emerging markets and independent
of the world market shock. In the case of normal innovations, this follows from
the assumptions in (6) and (7).

3.5. Specification tests

Our specification tests are inspired by the presentation in Nelson (1991). Con-
sider the standardized residuals, Z;,=é;,/6;,, for i = 1,...,N,w. Under the null
hypothesis that the model is correctly specified,

(a) E[Z,]=0,
(b) E[Z,-1]=0,
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(c) E[Z,2,,-;]=0, j=1,.. .k,

(d) E[Z], —sk]=0,

(e) E[2}, —hu]=0,

(f) E[(Z,—1)2,_,-DI=0, j=1,..k, (21)

il—j

where sk; represents the skewness parameter and ku; is the kurtosis. The correct
specification of the conditional mean is implicit in (21c). The conditional variance
is in (21f). In (21a,b,d,e), the unconditional moments of Z; are compared to those
predicted by the model.

In the standard setup (model I), sk; = 0 and ku; = 3. For model II, the
skewness is also equal to zero but the kurtosis is ku; = 3(¥; — 2)/(¥; — 4). For
the SPARCH model, the skewness is

sk = PR, + 362 4, ) + (1= P2 +36%4;,) 5 (22)
and the kurtosis is
ku; = p(65 67, + 367 + i} )+ (1 — p)6A2,67, + 367, + is). (23)

Notice that the SPARCH model collapses to model I (ku; =3, sk; = 0) when
pi=1, 1 =0,and 0;, = 1.

Much like our normality tests, it is straightforward to use the generalized
method of moments to conduct specification tests. However, in contrast to the
normality tests, the specification tests will be based on moments from generated
time series. The conditional mean specification is tested by setting £k =4 and
obtaining a y? statistic from (21c). A similar test is conducted on the conditional
variance in (21f). The distributional assumptions of the model are tested by ex-
amining (21a,b,d,e). This results in a )(2 statistic with four degrees of freedom.
It is also possible to jointly test all of the restrictions. With k& = 4, there are 12
degrees of freedom in the test statistic.

In Appendix B, we examine the small-sample distribution of these test statistics.
In the empirical work, we will present p-values based on the y*-distribution,
but will also indicate rejections (at the 5% level) relative to the small-sample
empirical distribution.

4. The time variation of volatility in emerging markets

We structure our discussion of the results in four parts. First, we discuss the
estimation of the world market return model. Second, we examine the parameter
estimates of the world factor model and the diagnostics. Third, we detail the time-
varying correlation with the world and the importance of world factors. Finally,
we examine two individual countries in greater detail.
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4.1. The world market return model

Since the world market variances, shocks, and expected returns are critical
inputs in our univariate emerging market models, it is important to select the
best model. With three distributional assumptions and the potential presence of
asymmetry, we estimate six different models. Table 2 summarizes the specification
tests. There is evidence against the two models that assume a ¢-distribution for
the standardized residuals, but none against any of the other four models. There is
pronounced asymmetry: the likelihood ratio tests reject the null hypothesis of no
asymmetry in all three cases and the y,, coefficients are highly positive. In fact, the
B, coefficients are small but negative so that the asymmetric world market return
model displays strong asymmetry: the conditional variance decreases following a
positive shock.

While the expected return estimates are very highly correlated across all mod-
els, the conditional variance process depends critically on whether asymmetry is
allowed. The correlation between the conditional variances resulting from estimat-
ing the same GARCH model with different distributional assumptions is between
0.96 and 0.98. However, the correlation between the conditional variances result-
ing from the normal and from the normal/asymmetric model is only 0.39. These
conditional variances are graphed in Fig. 1.

To obtain an absolute ranking of the fit of the different models, we regress
the squared residuals onto the estimated conditional variances as in Pagan and
Schwert (1990). The models accommodating asymmetry have substantially higher
R?s than the other models. The highest R? was recorded for the normal model
with asymmetry, which we therefore select as the world market return model to
be used in the remainder of the paper.

4.2. World factor mode! and diagnostics

To choose among the 12 specifications (six each for the linear and nonlinear
models: there are three different distributional assumptions as well as the asym-
metry possibility),* we use the four specification tests. When the specification
tests are ambiguous, we follow Pagan and Schwert (1990) and regress €7 on a7,
and choose the model with the highest R?.

Table 3 presents the specification tests and model diagnostics for the world
factor model. The SPARCH distributional assumption is used in six of the 19
countries and the normal is used in the rest. Significant variance asymmetry is

4A number of steps were taken to maximize the chance that we achieved the global optimum in the
estimation. We begin with the simplest model (normal without asymmetry) and estimate using at
least ten different sets of starting values. We use the final parameter estimates as starting values in
the more complex models. In addition, the candidate global optima for each model are ‘confirmed’
by shocking the parameters in the vicinity of the candidate global optimum.
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Fig. 1. World conditional variances.

Panel A presents the fitted world conditional variance from the GARCH model with normal stan-
dardized residuals with and without asymmetry. The model (with asymmetry) is

— . 2 . 2 2 . 2 N
Fwt = Bwi—1 * 8wy, Oy = Cw + 1‘1'0"4,‘,”1 + ﬁ“'l’w:lfl + /wa.tﬂw‘,_l, Ewt = Ow,t2w, 1 »

where rw.; is the U.S. dollar return on the Morgan Stanley Capital International World portfolio,
. —1 is the conditional mean, S..; is an indicator variable which takes on the value of one when
the unexpected mean return is negative and zero otherwise, and z,., is a standardized residual with
zero mean and unit variance. The conditioning information for the mean includes: a constant, the
world market dividend yield in excess of the 30-day Eurodollar rate, the default spread (Moody’s
Baa minus Aaa bond yields), the change in the term structure spread (U.S. ten-year bond yield minus
three-month T-bill), and the change in the 30-day Eurodollar rate. In panel B, the fitted values for
the conditional variance with asymmetry are presented with three different assumptions on the error
structure: normal, ¢-distribution, and SPARCH (mixture of normals).
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Table 2
The world market return model

The following model is estimated:

Pag = Paw—1 + Ewrs 0"21-.; =Cw + 3(w0'i,.1_] + ﬁwﬁi,4,71 + ",’wsmzﬁ‘z‘:,_ls Ew,t = Ow,tZw.1s
where u,, ) =8, X,_, and X,_, represents a set of world information variables which includes a

constant, the world market dividend yield in excess of the 30-day Eurodollar rate, the default spread
(Moody’s Baa minus Aaa bond yields), the change in the term structure spread (U.S. ten-year bond
yield minus three-month T-bill yield), and the change in the 30-day Eurodollar rate. All of these
information variables are lagged. The unexpected portion of the world return is &/, o’qu, is the fitted
variance, Sy.; is an indicator variable which takes on the value of one when the shock to the world
return is negative and zero otherwise, and z,, is a standardized residual with zero mean and unit
variance.

Specification tests Asymmetry tests
Model Mean Moment Variance  Joint Tw 72
Normal 2.538 4.984 0.119 8.513
[0.638] [0.289]  [0.998] [0.774]
Normal/asymmetry 1.937 4.925 0.681 8.124 0.269 10.993
[0.747] [0.295] [0.954] [0.775]  (0.124) [0.001]
T-distribution 2.541 37.380 0.787 50.470
[0.637] [<0.001] [0.940] [<0.001]
T-distribution/ asymmetry 1.920 22.560 2.753 32610 0.297 4.588
[0.750] [<0.001] [0.600] [0.001] (0.164) [0.032]
SPARCH 2.460 1.755 0.264 6.632
[0.652] [0.781]  [0.992] [0.877]
SPARCH/ asymmetry 1.893 1.147 3.385 9.076 0.331 4.291
[0.755] [0.889]  [0.496] [0.690]  (0.092) (0.038)

All monthly returns are from International Finance Corporation and calculated in U.S. dollars. The
sample is February 1976 to December 1992. Heteroskedasticity-consistent standard errors are in paren-
theses and p-values are in brackets. The means test is based on the first four autocovariances of the
scaled residuals (21c); the variance test is based on the first four autocovariances of the squared
scaled residuals (21f); the moments tests is based on four moments (mean, variance, skewness, and
kurtosis (21a,b,d,e)); and the joint test is based on all the restrictions.

found in ten countries. In three of these ten cases, the asymmetry parameter is
negative, implying that a large shock decreases conditional variance. In all but
four countries, the nonlinear model is rejected in favor of the linear model but
the R? regression test had to be used for six countries.

The specification tests suggest very few rejections. We implemented Monte
Carlo analysis to determine the empirical cutoffs for the test statistic (see
Appendix Table A.1). The means test suggests a rejection in Jordan; the moments
test rejects the model for Portugal and Turkey; and the variance test provides
evidence against the models in Pakistan and Taiwan. Interestingly, the joint test
suggests rejection for only one country, Portugal.
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A number of Wald tests are presented. First, consider the Wald tests for the
linear information model. The first test investigates the significance of global
factors in the mean. The hypothesis that the global factors do not influence the
mean (J; = 0) is rejected in ten of 15 cases at the 5% level of significance.
Wald test 11 determines whether there is a significant world factor in the variance
(g; = 0). This hypothesis is rejected for eight of 15 countries at the 5% level
of significance and nine of 15 at the 10% level. The final Wald test focuses on
the coefficients of the trade and size variables in the v;,_; function. They are
significantly different from zero at the 5% level for six countries and at the 10%
level for seven countries, indicating time variation in the world factor dependence
for these countries’ variances.

For the nonlinear information model, the Wald tests focus on the restrictions
implied by the factor model proposed by Engle, Ng, and Rothchild (1990, 1992)
and others. In particular, Wald tests I and II test whether x; = &; and 6,, | =
Yii—1, respectively. Wald test III is the joint test of these two restrictions. For
the four countries for which the nonlinear model is pursued, the factor model is
rejected in 11 of 12 tests. The joint test provides a rejection for every country.

The next set of diagnostics focuses on the two key assumptions of the model
that (i) the country shocks are independent of the world shocks and (ii) the
country shocks are independent of other country shocks.

The second column of Table 4 presents the correlations of the country residual
and the world residual along with a test that the covariance is equal to zero. The
correlation coefficients are generally quite small. We cannot reject the hypothesis
of zero covariance in any country (the lowest p-value is 0.17 for Taiwan). In
addition, a joint test (using the nine countries with the longest samples) also fails
to provide evidence against the null hypothesis.

The next columns in Table 4 detail the cross-correlations of the residuals. Since
there are 18 cross-correlations for each country, we report the mean, minimum
and maximum of the cross-correlations. We also derive the empirical distribution
for these statistics and report rejections of the null of zero correlation at the 5%
level.

While the mean correlations are generally small (—4.2% to 13.2%), we can
reject the hypothesis of zero correlation in 11 of 19 countries. A similar inference
is found in the analysis of maximum correlations in that we can reject zero corre-
lations in nine of 19 countries. Whereas some of the high cross-correlations may
have a natural interpretation (e.g., Greece and Portugal could point to a miss-
ing European factor), others are more puzzling (e.g., Malaysia and Venezuela).
To help interpret the numbers, note that the 95% quantile in the distribution of
the maximum correlation of 18 cross-correlations for a country with 85 (192)
observations 1s 0.306 (0.287).

To sum up our diagnostic tests, the specification tests suggest that very few
models are rejected. The hypothesis that the world residuals are independent of
the country shocks is not rejected in our data although there is some evidence that
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Table 4
Testing the independence assumption

We estimate the following model:

Fio = fig—1 + &0 (2) & =0 1&we + e (3)
(of Y =i+ (el )V + Biel,_, +viSie},_ (4) e = 0L, zis (5)

where p;,_1 is the conditional mean return. The unexpected portion of country i’s return, &, is
driven by a portion due to world shocks, &.,,, and a purely idiosyncratic shock, e; ;. The dependence
of local shocks on world shocks is determined by v; ,_;. The local idiosyncratic standard deviation is
a{ .» Zi,r 18 a standardized residual with zero mean and unit variance, and S, is an indicator variable
that takes on the value of one when the idiosyncratic shock is negative and zero otherwise. A similar
model is estimated for the world market return (denoted with w subscripts). The second column
reports the correlation between the world shock, ey, ,, and the idiosyncratic shock, e; . In braces are
the p-values from a moments test of the assumption Eley, sei,|f,_)] = 0. Columns three through
five report the mean, minimum, and maximum correlations of e;, with e;;,. We use the maximum
number of (overlapping) data to compute these correlations. The * symbol indicates 5% rejections of
the null of zero correlation according to the appropriate small sample distribution. The small sample
distribution is computed based on 5,000 draws of 19 independent N(0,1) samples with the same
number of observations as the countries in our sample.

Correlations of

ey and ey e and ej

Country { p-value} Mean Maximum Minimum

Argentina —0.0332 0.0178 0.4773% —0.0981
{0.6247}

Brazil 0.0483 0.0358 0.2414 —0.1386
{0.5358}

Chile —-0.0177 0.0676™ 0.2219 —0.0344
{0.8251}

Colombia 0.0106 0.0811" 0.2778 -0.2073
{0.9018}

Greece 0.0366 0.0770* 0.4673% —0.2139
{06177}

India —0.0517 0.0328 0.2907+ —0.2073
{0.4587}

Jordan 0.0678 0.0220 0.2188 —0.1664
{0.4867}

Korea 0.0693 —0.0246 0.0921 —0.1664
{0.3402}

Malaysia 0.1612 0.0949~ 0.7677" -0.2139
{0.3454}

Mexico 0.0060 0.0480~ 0.3428™ —0.1645
{0.9410}

Nigeria 0.1021 —0.0423 0.2327 —0.3390
{0.3870}

Pakistan —0.0888 0.0234 0.2778 —0.1036

{03114}
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Table 4 (continued)

Correlations of

ey and e, ey and e

Country { p-value} Mean Maximum Minimum

Philippines —0.0525 0.0551* 0.2531 —0.1695
{0.7259}

Portugal 0.0063 0.0918" 0.4673" —0.1914
{0.9408}

Taiwan 0.3294 0.1105™ 0.3844" -0.1029
{0.1662}

Thailand 0.1140 0.1211+ 0.3844% —0.1094
{0.3912}

Turkey —0.1880 0.1321% 0.47737 —0.1616
{02113}

Venezuela —0.0056 0.0734" 0.7677" —0.3390"
{0.9683}

Zimbabwe 0.0628 —0.0182 0.1287 —0.1166
{0.4104}
i

10 countries 11.7397
{0.3029}

All monthly returns are from International Finance Corporation and calculated in U.S. dollars. The
sample ends in December 1992.

country shocks are correlated. Of course, it would be more desirable to jointly
estimate a number of countries, but this is not feasible given the small sample
sizes. While the correlation of the country shocks suggests that we should exer-
cise some caution in interpreting our results, the absolute size of the correlations
is rather small.

4.3. The time-varying influence of world factors

One of the hypotheses in which we are interested is the link between market
integration and the influence of world information on country returns. Over our
sample, 17 of 19 countries experienced at least one liberalization. We investigate
whether the proportion of variance caused by world factors is different across
regimes. We also investigate the behavior of conditional correlations with the
world equity benchmark.

Table 5 presents the mean proportion of variance due to world factors and the av-
erage conditional correlations from the world factor model. The mean proportion
of variance is provided over the entire sample and for three subperiods. The first
subperiod is the post-October 1987 (post-crash) period. The second subperiod is
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calculated in the three years before significant capital market liberalizations. The
final subperiod is chosen to follow the liberalizations.

The first column in Table 5 suggests that the average proportions of variance
attributable to world factors are generally small, with 16 countries having propor-
tions of less than 10%. The largest proportions are found in Malaysia, Portugal,
and Venezuela. In 11 of the 17 countries that experienced capital market liberal-
ization, the influence of world factors increases after the liberalization. The dates
for the liberalizations are drawn from Bekaert (1995). For example, in the pre-
liberalization period, the proportion of variance due to world factors in Mexico
is 6.6% and after the liberalization the ratio increases to 19.1%. Both Taiwan’s
and Thailand’s ratios more than doubled after capital market liberalizations.

The average conditional correlations with the world market portfolio are also
reported in Table 5. Over the full sample, there are only five countries (Malaysia,
Philippines, Portugal, Turkey, and Venezuela) that have average correlations
exceeding 20%. In nine of the 17 countries that experienced a capital market
liberalization, the correlations with the world increase. The Mexican correlation
increases from 18.5% to 41.6%. The Thai correlation rises from 0.1% to 26.9%.
This evidence suggests that in most countries, world factors become more impor-
tant after capital market liberalizations. However, we are not yet in a position to
test whether the changes are significant. Indeed, liberalization is a gradual process
and it is unlikely that we can capture its impact by a before-and-after snapshot.

4.4. Two country studies

While space does not permit a detailed examination of every country, this
section highlights two important emerging equity markets, Mexico and Thailand.

>
Fig. 2. Analysis of Mexico.
Panel A presents the loading, v, ,—, on the world shock ¢, from the model:
Fit = Mig—1 t i &id = Tie—1twr t €, (0{,)2 = G +OC,(0,{_[_1)2 +ﬁ,-e?_t_1 + “r'isi.re,%,,p

—
€. =0} Zis,

where (G;‘ ,)2 represents the conditional expectation of the square of the idiosyncratic country shock
for Mexico, e;;, p;.,—1 is the conditional mean, S;, is an indicator variable which takes on the value
of one when the unexpected mean return is negative and zero otherwise, and z;, is a standardized
residual with zero mean and unit variance. y; ,_; and v; ,_ are assumed to be linear functions of the
local and global information variables in the ‘linear model’ and nonlinear functions in the ‘nonlinear
model’. Panel B presents the proportion of the Mexican variance accounted for by world factors:

— 2 2 52
VR, = 11‘[710“,‘,/0‘_1 .
In panel C, the world market correlation is presented:

Pit = Ui -1 (0'\\',!//0'(.1 ).
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4.4.1. Mexico

Mexico is one of the largest emerging markets, with a market capitalization
of the stocks in the IFC index of $66.1 billion in December 1992 (the last
month in our sample). In June 1996, the market capitalization was $71.0 billion.
Mexico, at least prior to the devaluation of the peso in December 1994, was the
emerging market most familiar to U.S. investors. This was perhaps influenced
by its proximity to the U.S. or by the large number of American Depositary
Receipts (36 in June 1992) and closed-end funds (six funds with capitalization
of $16 billion) available in the U.S.

We examine three measures that reflect the influence of world factors on
Mexican returns: the loading on the world shock, v;,—;, the proportion of variance
accounted for by world factors, and the conditional correlation with the world
benchmark return. Fig. 2 presents these measures. Although summary statistics
for the linear model are presented in Table 3, we present the three measures for
both the linear and nonlinear models.

The influence of world factors sharply increases after 1988. This is most evident
in the conditional correlation measure, which increases from 0% at the beginning
of 1988 to over 40% by the end of the sample period. Similar patterns are
evident across both the linear and nonlinear models. The nonlinear model (which
is rejected in favor of the linear model) produces more volatile loadings, variance
ratios, and correlations.

The increasing influence of world factors in Mexico roughly coincides with
significant capital market liberalizations. E.g., after 1989, 100% foreign invest-
ment in most firms is possible. Key sector firms are restricted to 49% foreign
participation and the foreign investment limit in the banking industry is 30%.

Fig. 3. Analysis of Thailand.

Panel A presents the loading, v;,—, on the world shock &y ; from the model:

— . N . / . 3 2
Fio =i+ Ei=Uii~1Ew, €1 (tf,-.,)zft,+0t.-(t7,,,_.)2 + Bie?, |+ viSie€;,

=g
€i+ =0, Zit,

where (ai t)z represents the conditional expectation of the square of the idiosyncratic country shock
for Thailand, e;;, w;,—) is the conditional mean, S;, is an indicator variable which takes on the value
of one when the unexpected mean return is negative and zero otherwise, and z;, is a standardized
residual with zero mean and unit variance. y;,_ and v; . are assumed to be linear functions of the
local and global information variables in the ‘linear model’ and nonlinear functions in the ‘nonlinear

model’. Panel B presents the proportion of the Thai variance accounted for by world factors:
VR, = 2 al ja?

i—=1"w e

In panel C, the world market correlation is presented:

Pir = Lii—1(0w,1/0i1).
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4.4.2. Thailand

Thailand is another large emerging market with the capitalization of the IFC
index stocks being $28.4 billion at the end of 1992. By June 1996, the market
capitalization had more than tripled to $91.1 billion. Similar to Mexico, Thailand
is an emerging market that is well known to international investors.

Fig. 3 presents the loading on the world shocks, the proportion of variance ex-
plained by world factors, and the conditional correlation with the world. There are
a number of similarities between the results for Mexico and Thailand. The non-
linear model is rejected in favor of the linear model, and the fitted values of the
measures are much more volatile for the nonlinear model.

World factors, as in the case of Mexico, become much more important in the
later part of the sample. In both 1988 and 1989, there are jumps in the loading
on the world shock. In 1989, the proportion of variance accounted for by world
factors increases from about 0% to close to 10%. Over the same period, the
conditional correlation increases from 0% to 30%.

The increasing influence of world factors follows a number of liberalizations
in the Thai market which culminate in December 1988. In particular, Bailey and
Jagtiani (1994) detail the opening of the Alien Board for extranational trading of
Thai securities at this time.

In recent years, world factors account for closer to 15% of the local variance.
The conditional correlation with the world is close to 40% in 1991 and declines
to 25% by the end of the sample. This is slightly lower than the average level
of correlation that Harvey (1991) details for 17 developed market returns.

5. The cross-section of volatility in emerging markets
5.1. Explaining volatility across emerging markets

One important difference between developed and emerging capital markets is
the dispersion of volatility across countries. Harvey (1993) shows that the range
of unconditional volatilities in developed markets is 18% (from high to low).
In emerging markets, the range is 86%. We explore four sources of volatility
differences: asset concentration, stock market development/economic integration,
microstructure effects, and finally macroeconomic influences and political risk.
Our empirical strategy is to prespecify a set of instruments for volatility that
reflect each of these categories.

5.1.1. Asset concentration

The most obvious source of volatility differences is the degree of diversification
and concentration inherent in the IFC index for each country. Schwert (1989a),
Harvey (1991), and Roll (1992) explore whether the number of stocks included



G. Bekaert, C.R Harvey!Journal of Financial Economics 43 (1997) 29-77 59

in the index influences the cross-section of volatility. We construct a time-series
of the number of stocks included in each of the IFC country indexes. Following
previous research, we use the natural logarithm of the number of stocks as a
proxy for the degree of diversification.

The number of stocks in the index may not be that indicative of diversification
if there are a few dominant stocks and many small stocks. Roll (1992) and
Harvey (1993b) examine asset concentration ratios:

Ny

N; 1Y
CRui = \| 7 2o (w,»j., - ~N—) : (24)
i 1N

s j=1

where N;, is the number of individual securities in the country i index in
month ¢ and w;;, is the share of market capitalization represented by stock j
at time . If one stock dominates the index, then CR approaches one. If every
stock has equal market capitalization, then CR = 0. Using the IFC’s individ-
ual stock data, we create a time-series of concentration ratios for each coun-
try. A country index can have many stocks and a low concentration ratio but
may still not be diversified if all of the stocks are involved in a single indus-
try. Given that a time-series of industry classifications is not available, we are
unable to examine the effect of industrial concentration on the cross-section of
volatility.

5.1.2. Development and integration

The second source of volatility differences is linked to both the development
of the stock market and the degree of market integration. Unfortunately, ex-
act measures of stock market development and economic integration are dif-
ficult to specify. Bekaert and Harvey (1995) propose a model in which mar-
ket integration is parameterized. They find that the ratio of equity capitaliza-
tion to GDP is a useful instrument in characterizing the time-series of market
integration. Stock market capitalization to GDP is also often used as a stock
market development indicator (see Demirglic-Kunt and Levine, 1996). We also
track the size of the trade sector by forming the ratio of exports plus imports
to GDP.

The way that equity returns move within a particular economy may also con-
tain information about economic development. As an economy becomes more
developed, it often becomes more diverse and, as a result, the cross-sectional
volatility of the country’s component stocks returns should increase. That is, as
stocks are less dependent on one sector, their covariances should decrease which
should increase the cross-sectional variance. At the level of the index, this effect
should decrease market volatility. This negative relation will not necessarily hold
in more developed markets.
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5.1.3. Microstructure

The third source of volatility arises from market microstructure research. It is
well known that the heterogeneity of traders’ information sets as well as liquidity
affects the variance of returns. We proxy for these effects by examining the role
of turnover ratios in explaining the cross-section of volatility.

In developed markets, large changes in prices across securities suggest a greater
flow of private information being revealed to the market. In Ross (1989), the
volatility of prices is directly linked to the rate of information flow in the market.
Hence, increases in the cross-sectional volatility could raise the variance of the
distribution of future prices. We calculate the cross-sectional standard deviation
of each index’s component stock returns and the cross-sectional mean absolute
deviation. These are measured each month relative to the average stock return in
each country index.

5.1.4. Macroeconomy

The last category of volatility sources focuses on macroeconomic volatility,
which Schwert (1989a,b) shows is one of the underlying forces affecting stock
market volatility. Unfortunately, the macroeconomic data are sparse or nonexis-
tent in some of the emerging markets. For instance, inflation variability is an
obvious candidate for an explanatory variable. However, the data are quite dif-
ficult to obtain and, even if we used the published data, they are highly suspect
in a number of countries. Since purchasing power parity is not rejected in high-
inflation countries (see Liew, 1995), we use the variability of foreign exchange
rate changes to proxy for inflation variability.

Political risk is also likely to influence the cross-section of volatility. However,
long time-series of political risk ratings are difficult to obtain. We choose to focus
on [nstitutional Investor’s Country Credit Ratings. These ratings are based on
a semiannual survey of bankers. Institutional Investor has published this survey
in its March and September issues every year since 1979. The survey represents
the responses of 75-100 bankers. Respondents rank each country on a scale
of 0 to 100, with 100 representing the smallest risk of default. Institutional
Investor weights these responses by its perception of each bank’s level of global
prominence and credit analysis sophistication (see Erb, Harvey, and Viskanta,
1994).

Credit ratings are not meant to solely represent a measure of political risk.
Many macroeconomic, as well as political, factors enter the bankers’ decisions on
the creditworthiness of a particular country. This variable captures both political
risk and macroeconomic stability. Erb, Harvey, and Viskanta (1996) show that
the credit rating has high correlation with the International Country Risk Guide’s
measures of political, economic, and financial risk. It is the only ex ante variable
that we examine (in the sense that participants are asked to assess the future
creditworthiness).
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5.2. Methodology

The raw material for the cross-sectional analysis is the time-series estimates of
conditional volatility. We estimate a pooled time-series cross-sectional regression:

In(6?) = o, + p'X; +u; i=1,...,N. (25)

There are N countries and o¢? is a 7; x | vector of preestimated conditional
variances, where 7; is the number of observations for country i, X; is a matrix
of L explanatory variables for country i, the a; are intercept coeflicients (one
for each country), and B is a L x | coefficient vector. We use the conditional
variance estimates from the world factor specification reported in Table 3.

This model allows for fixed effects in the cross-section by not requiring that
the intercepts are identical across different countries. However, we also examine
a specification in which the intercepts are constrained to be constant across coun-
tries. This allows us to test how much of the variation in volatility is explained
by the specified variables. Our approach allows us to examine all observations
for all countries simultaneously.

Our initial estimation technique is ordinary least squares with the standard
White (1980) correction for conditional heteroskedasticity. A standard Lagrange
multiplier test reveals substantial evidence against homoskedasticity across coun-
tries. (We adjust the standard test discussed in Greene, 1993, for the unequal
number of observations present in our analysis.) Hence, we also present a gen-
eralized least squares estimation which allows for heteroskedasticity across coun-
tries (‘group-wise heteroskedasticity’). Finally, we present estimates that correct
for both group-wise heteroskedasticity and serial correlation. The serial correla-
tion correction, detailed in Greene (1993), is specific to each country and is based
on the Prais—Winsten method. This correction is particularly important given the
high serial correlation in some of the countries’ fitted volatility estimates.

5.3. Results

5.3.1. Summary analysis

The fitted volatility series cover (at most) January 1977 to December 1992.
There are a total of 2,627 fitted variances. However, the country credit ratings
only begin in March 1979. As a result, for nine countries 32 observations are
lost, reducing the total number of observations to 2,339.

Some summary statistics on the variables used in the cross-sectional regressions
are included in panel A of Table 6. The average values of the cross-sectional
standard deviation, the number of firms in each index, the asset concentration
ratio, the country credit rating, the ratio of trade to GDP, and the ratio of market
capitalization to GDP are presented in this table. Correlations between the average
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volatilities and these variables are presented in panel B. None of the variables
are extremely correlated except for the two measures of cross-sectional volatility
(these two measures are never included together in a regression).

5.3.2. Time-series cross-sectional analysis

The time-series cross-sectional regression results are presented in Table 7.
Panel A considers the estimation with the standard White (1980) correction for
heteroskedasticity. The results that correct for group-wise heteroskedasticity are
presented in panel B and the estimation that corrects for both group-wise het-
eroskedasticity and serial correlation is in panel C.

In the base case with no country-specific intercepts, 27% of the cross-section of
volatility is explained with the eight variables. Separate regressions are run with
the cross-sectional standard deviation of the individual index stocks and the cross-
sectional mean absolute deviation because these measures are 99% correlated.
When the country-specific intercepts are included, the explanatory power of the
regressions increases to 54%.

The way the cross-sectional standard deviation affects volatility depends on the
level of market development. Hence, we allow this variable to enter the regression
as an interaction variable associated with the deviation from the cross-sectional
mean ratio of market capitalization 1o GDP. If MC;/GDP, < (MC,/GDP,),
which is always true for Zimbabwe, for example, then an increased cross-sectional
standard deviation negatively affects the market volatility. If MC,/GDP,>
(MC,/GDP,), then the derivative of volatility with respect to the cross-sectional
standard deviation is positive, as predicted by the information flow model of
Ross (1989). The results provide some support for this specification. Both the
cross-sectional standard deviation and the interaction term enter the regression
with coefficients that are more than two standard errors from zero in panels A
and B. The coefficients are positive for the regression with standard deviations
in panel C but are less significant.

The number of companies in the index rarely plays an important role in the es-
timations. The concentration factor produces some puzzling results. In the regres-
sions without fixed effects, the coefficient is positive or not significant (implying
more concentration associated with higher volatility). However, in the regressions
with country dummy variables, the concentration factor is weakly negatively re-
lated to volatility, although in panel C the coefficient is never more than two
standard errors below zero.

Some caution must be exercised in interpreting the relation between turnover
and volatility. There are two countries, Taiwan and Korea, with turnover ratios of
an order of magnitude greater than the other countries. In the regressions without
fixed effects, there is a positive relation between turnover and volatility. In the
regressions with country indicators, the significance disappears. Since the turnover
data begin in 1986, a separate regression is estimated with turnover included and
the coefficients are reported in the far right column of panel A of Table 7.



65

G. Bekaert, C.R. Harvey!Journal of Financial Economics 43 (1997) 29-77

[scrrol (ozro) (op1'0) (vzr'o) (T11'0) (£090) (68T0) (szr'e) (zoo®) (ssz0) (1L00) (+¥87) (SZE0)
8T0 9€TT 910 T9TO  €€T0  STOO  8I86  6STO— 09— 1100  LOLO  6vI0  €86°01 1TI'I ON
[L200] (9z1°0) (6£1°0) (szi'0) (T11'0) €9650) (€57°0) (yTI'0) (zooo) (Lszo) (1200) (l6¥'1) (¥11°0)
9LT0 611’ L6000  LPTO  SETO  8Y00  8T®6  9L00  660°1— 1100 890 9ZI'0  oL91'S  SEPO oN
(Tv80) (z£9'0)  (Lsz0) (zoo0) (9570) (1L00) (805D (0L1°0)
65°0-- 8€S°0 Ve TE80— v00'0— €€81— 0010  TSVL  O¥SO SOX
(Z+8°0) (2€9°0) (LsT0) (zoo0) (vzz0) (5s00) (69€T) (L91°0)
1S£0— LESTO LE6T 695°0— S000— SIIT— TE00— 0£ST  6I€0 SOX
(6£8°0) (s£90) (s670) (g670) (z0oo0) (0szo) (1L000) (£0sT) (1L1°0)
1LE0— 6£50 9vTE  61L0— PSE0— S000— 9061— S600  BILY9  61S0 S3A
(198°0) (re9'0)  (1870) (g6z0) (200 (e6vz0) (1L00) (1g€1) (2LO0)
6200— LESO SOL'E  61S0— TOKO— S000— LS6I— 0900 650°€ <0070 SaA
(196°0) (y85°0) (v9z'0) (LZ10) (2000) (6¥70) (T90°0) (p1ST) (TTEOD)
oPI'T  8LT0 0LL'6  SO00— SLI'L— [I100  S9.0 1810 7998  LOO'I ON
(866°0) (s250) (8sz0) (9z10) (zooo) (zszo) (1900) (9s€1) (601°0)
0991  TLTO L6L'6  SI1T0  €TT1— 1100 FILO  8S10 90t  «S6€°0 ON
$40440 paopuvIs 314y ()
wnj & Nx 1504 -PIN -ald  arojeg €| deojy  wj-+x3 A2 plilelg 0D#  LJoAY JoAY  s309[d
paxt]

SI0JEDIPUl UONEZI[BISqIT

2JUBLIBA JO UO1I3S-55010 YY) Sururejdxyg

JAC{CLAR



Financial Economics 43 (1997) 29-77

y

C.R. Harvey!Journal o

G. Bekaert,

66

[6z0'0]  (1800) (£80°0) (5L00)  (690°0) (80s0) (pLi'0)  (0L00)  (10000)  (01z0)  (bv0'0)  (pe8'1) (I€1°0)
LOL'Y 0800—  10T0— 8200 6£10—  TS6'6 0L90—  ZELO—  LOOO THI0—  TLTO €IS $€6°0 ON
[szool  (z80'0)  (880°0)  (9L00)  (69070) (s0s0)  (ss10)  (oLo0)  (1000)  (Ziz0)  (ppo'0)  (2or'1)  (690°0)
910°S 180°0—  +0T0—  0£0°0 1€1°0— 12001 TSSO—  9LL0—  LOOO 0610— 6510 wC6TE  8SE0 ON
(6s7°0)  (5T1°0) (1000)  (491°0)  (6£0'0)  (6£1'1)  ($90°0)
69%' [ €8L°0- 100°0 61T— 9070 90T 6¥1°0 SOX
(65T°0) sz (10000 (£s1°0)  (1€0°0)  (996°0)  (850°0)
et 621°0— 1000 ELYT— 85070 6EL1—  ££0°0— SOA
(697°0)  (8€1°0)  (zero)  (1000)  (991°0)  (0p00)  (LST'1)  ($90°0)
96S°1 088°0—  STTO 700°0 €L1T— €170 S0TT  ¥SI0 SOA
(0970)  (8210)  (zero)  (1000)  (s910)  (6£00)  (059°0) (¥£0°0)
¥0S°1 008°0— 8810 200°0 PLIT—  €0T0  #96L0  8%0°0 EE)
(00s0)  (6p1°0)  (690°0) (1000) (#0TO)  (8€0'0)  (859°1) (LZI'0)
7186 €09°0—  80L0—  S00°0 S600— 6910 6STS 9160 ON
(66v°0)  (9€1°0)  (6900) (1000) ($0T0)  (8£00)  (9zo'D)  (990°0)
6066 60S0—  tPLO— 90070 9p1'0—  8S10  WT90E  WLPE0 ON
A3101S0PaYS04212Y s1M-dnoar) (g)
X -150d -PIN -1d 205y X4 deop  wytxg ¥ su0) 0O# 1oAY [0oAX  S199f2
paxt]

SI0JEDIPUL UOIIEZI[BIOqIT

(panunuoo) £ dqe]



67

)f Financial Economics 43 (1997) 29-77

G. Bekaert. C.R. Harvey!Journal o

‘wopady Jo
aa1p ouo sey onsnels .1 oYJ ‘uoneziesoqi|-isod pue uolezijeiaqi-oid 10} S10)EJIPUL AY) UO PAIONPUOD St YLD SI AN[IIB[OA 1O4IoYm JO 1S3} PleM Y]

‘pouad ajdwes oY) Jo pus Yy 03 UONEZI[LIAQI] JSYE SYIUOW N0} SI uoLeZI|RIdqI-1Sod pue “UOLEZI{RIaql] JAYE SPUOW d2IY) 0} Joud syjuowr xis
SI UOHEZI[BIAqQI[-PIW ‘UOLEZI[RIaq 0} Joud sypuowr Xis 0} g pouad oy} st uonezijerdqi-aid ‘uoyezi[eiaql| 210J3q SYUOW (¢ Vel dlow sjuasaidal aiojog
“soBueyd ajer sueyoxa s1eak o1y snoraaid ayy Jo ANue[oA ayi st oX . pue ‘(uoneziendes 1oxiew Aq papiAlp Suipel) jo dnjeA) Jsaourn) st wny ‘dao 4q
papiaip uonezijendes joxrew si deopy ‘daD Aq papiap suodwi snid spodxa st w+xg ‘Funes JIPad AQUNod SI paid ‘ONES UOHENUIIUGD J3sse Ay} S dU0D
“Xopur 4] 2y} w soueduwiod Jo JaquINU 3y S1 0D# ‘UONEIASD HIN[OSqE UBSUI UO PIseq 2IMsedw Jus[eambs syy 10 (, ue ym pajousp) uonezijended JoyIRW
23eI0AE [RUONOBS-SSOIO SY) WOY UOHRIASD Yyl Aq Pai[dn[ni UOHEIASP PIEPUEIS [EUONIIS-SSOIO BYI SI ,[OAX ‘UOHEIADD SIN[OSQP UESW I 10 (, ue yum
PoI10USP) X3put S, A1UNOD YIES Ul SWINIA) HO0IS [BNPIAIPUL 3y} JO UOIIBIASD PIEPUE]S [EUOHIIS-SSOID Y} S [0AX *Anunod yoea 10§ 1do0Io1ul JUSISYIP B SI 319y}
17y} SUBOW SO PAXIA ‘7661 19quiaod(] ul spud d[dures ay 'SIB[OP “§'() Ul PARR[NO[E) Pur UoNEIodio)) 3ouBUl [BUOWBIISIU] WIOY JIE SUIN3I Ayuow [y

[8900] (867°0) (9670) (S6T0) ($6T70) (9£9°0)
9€¢'¢ 180°0 621°0 081°0 6L1°0 7196

fvorol  (01€0)  (60£0)  (80£0)  (L0£0)  (0990)
1$9°C $50°0 860°0 ori'o or10 ULy

(zgg0)
809°0
(ze€0)
7850
(1¥€0)
z19°0
(69€°0)
859°0
(££9°0)
66€°S

(8¥9°0)
LSOV

(Ls1'0)
£00°0
(6¥1°0)
¥00'0—
(zLro
970°0—

(8€1°0)
6¥0°0—
(ero)
€200~
(651°0)
1£0°0—
(8¥1°0)
TE00—

(8€1°0)
TLE0—

(1o
9¢8°0—

(ZLro)
$220

(zL1ro)
LTTO
(1L1°0)
S0T0
(or1°0)
LT60—
(zr1°0)
98L°0—

(zoo'0) (zsT0)  (5900)
€000 800°0—  9£0°0
(zoo0)  (9vT0)  ($90°0)
2000 7€0°0 620°0
(zooo) (z810) (£50°0)
0000 €20~ 1000
(z000) (8L1'0)  (150°0)
0000— L610—  S100—
(200'0) (Z810) (¥50°0)
0000 0T0—  600°0—
(zoo0) (181’0} (€50°0)
0000 S8I0~ 1100~
(zooo)  (8vT0)  (£90°0)
£00°0 SH0O'0 1£0°0

(zoo'o) (ovz0)  (290°0)
7000 080°0 9200

(£65°0)
€S0

(97¢'0)
25S€°0
(z9t°0)
8ES°0
(81%'0)
SLY0
(19v°0)
LSS0
(¢£2°0)
1€€0
($85°0)
0LY'0

(zze0)
«09€°0

(9¢0°0)
0200
(810°0)
2L10°0
(820°0)
€100
(9200)
0100
(820°0)
v10°0
(s10°0)
£10°0
(9€0'0)
0200
(L100)
eL10°0

ON

ON

SaA

SOA

Sax

SOA

ON

ON

A1011SDPaYSOIB19Y 3SIM-dnoab puv wouv|24402 01405 (D)




68 G. Bekaert, C.R. Harvey/Journal of Financial Economics 43 (1997) 29-77

The country credit rating enters with inconsistent coefficients across the dif-
ferent specifications. The negative coefficients in panel A suggest that a lower
credit rating is associated with higher volatility. However, the coefficient in other
panels is often positive.

There is a very significant negative relation between the size of the trade sector
and volatility. In the regression without country-specific dummy variables, the
coefficients on the trade variables are often five to ten standard errors from zero
irrespective of the standard error correction. A more open economy is associated
with lower volatility.

The ratio of market capitalization to GDP generally enters the regression
with a negative sign in panels A and B (larger equity market implies lower
volatility). This result persists when the regression is run without the trade
variable, which has a 70% correlation with market capitalization. However,
in the estimation that corrects for serial correlation and heteroskedasticity, this
variable no longer enters with a coefficient significantly different from
Zero.

Finally, the volatility of changes in foreign exchange rates plays a very im-
portant role in explaining equity return volatility. In the regression without fixed
effects, the coefficient on this variable is often more than nine standard errors from
zero. When this variable is removed from the regression, the adjusted R-square
drops from 27.2% to 16.8%. When country dummy variables are allowed, the
coeflicient is six standard errors from zero. The significance of this variable is
not that surprising given that we are measuring equity returns in U.S. dollars.
As an additional diagnostic, we replicate panel C with the alternative volatility
model (the one that did not win in the R-square test). The results are broadly
similar.

5.4. Capital market liberalization and volatility

Fig. 4 informally characterizes the effect of capital market reforms on variance.
The average conditional variance two years after the reform (major liberalization
dates are from Bekaert, 1995) is depicted on the y-axis and the average con-
ditional variance two years before the reform is presented on the x-axis. On
average, if there is no effect on volatility the variances should fall on or close
to the 45° line. If variance decreases, then many of the points should fall below
this line.

The evidence in Fig. 4 suggests that volatility decreases in many countries
after liberalizations. Of the 17 countries that underwent a liberalization in our
sample, most are near or below the 45° line. The one exception is Pakistan,
whose conditional volatility has been much greater after liberalization. Particularly
dramatic decreases in conditional volatility are found for Brazil, Mexico, Taiwan,
and Portugal.
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Fig. 4. Capital market liberalizations and volatility.

Average conditional variance from the world factor model is presented two years before (x-axis) and
two years after (y-axis) capital market liberalizations. Countries that fall below the 45° line indicate
volatility decreases after liberalizations.

A weakness of this analysis is that other events could occur that de-
crease or increase volatility but have little to do with capital market liberal-
izations. Therefore, we introduce liberalization dummy variables into our cross-
sectional analysis and test whether, after controlling for these factors, these in-
terventions significantly decrease volatility. The results are in last two rows of
panels A through C of Table 7. We introduce four dummy variables to break
each of the 17 countries’ volatility into four pieces: before (more than 30 months
before liberalization), pre- (30 to six months prior to liberalization), mid- (six
months prior to three months after liberalization), and post- (four months after
liberalization to the end of the sample period). The logic here is that when liber-
alizations are pre-announced or anticipated by market participants, volatility may
change some time before the liberalization date.

The results are striking. For every specification in panels A through C, the post-
liberalization coefficients are lower than the pre-liberalization coefficients. We
also report heteroskedasticity-consistent Wald tests on these coefficients. There is
marginal evidence that the decrease in volatility is statistically significant for most
specifications and strong evidence in the estimations that correct for group-wise
heteroskedasticity.

6. Conclusions

Volatility is a key input for the cost of capital calculation for a segmented
market and is critical for effective asset allocation decisions. The goal of our
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paper is to broaden our understanding of the behavior of volatility in emerging
equity markets.

For the set of markets that we study, there is little to be learned from im-
plementing off-the-shelf univariate volatility models. Our focus is on the forces
that determine volatility. In fully integrated markets, volatility is strongly influ-
enced by world factors. In segmented capital markets, volatility is more likely
to be influenced by local factors. Our decomposition of the sources of variation
in volatility sheds light on how each market is affected by world capital markets
and on how this impact varies over time.

We also explore the forces that determine why volatility is different in the
various emerging markets. We construct variables that proxy for asset concen-
tration, the stage of stock market development, microstructure effects, macroeco-
nomic influences, and political risk. Among other interesting findings, we show
that more open economies (in terms of world trade) have significantly lower
volatilities.

Finally, we study the effect of capital market liberalizations on volatility.
Our evidence suggests that volatility decreases in most countries that experience
a liberalization. There is a sharp drop in volatility in five countries in our sample.
Even after controlling for all of the potential influences on the time-series and
cross-section of volatility, we find that capital market liberalizations significantly
decrease volatility in emerging markets.

To put our results in perspective, consider the following experiment with
a poorly developed stock market in a relatively closed country. Such a market is
likely to be characterized by high stock market volatility, a low cross-sectional
standard deviation, a high concentration ratio, and a low ratio of market capital-
ization to GDP. There may be political risk reflected in a low credit rating, and
unstable macroeconomic policies translating into high foreign exchange volatil-
ity. We interpret high (low) as the top (bottom) quartile in the cross-sectional
distribution of the relevant variables using all of the observations for all of the
countries over the full sample period. Our regression analysis suggests that if
the country experiences a liberalization and moves from the 25% quartile to the
median, volatility decreases by more than 6% (e.g., from 30% to 24%) using
our most general econometric model (see Fig. 5). This result is robust across
our different estimation techniques. A decrease in volatility of this magnitude can
have an important effect on the cost of capital in an emerging market.

Appendix A: The likelihood function for the world factor model

In this appendix, we construct the joint likelihood function for all the data
used in estimating the GARCH models described in (2)-(5). We then discuss
the necessary assumptions to make it collapse to the 21 univariate likelihoods
maximized in this article.
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Fig. 5. The economic impact on volatility of a hypothetical country moving from the 25th percentile
to the median.

The country begins with low cross-sectional standard deviation of individual stock returns (Std. dev.),
a small number of securities included in the index (#Co), a high concentration ratio (Concent), low
ratio of equity market capitalization to GDP (Mcap/GDP), low credit rating (CCR), high foreign
exchange volatility (FXvol), and a small trade sector (Ex+Im/GDP). The country then experiences
a capital market liberalization (Liberal) which brings it from the 25th (or 75th) percentile to the
median of the cross-sectional distribution of all variables. The bars represent the marginal effect of
each variable. Sum represents the cumulative effect of all variables. The bars represents the effects
implied by three different econometric models: White (1980) heteroskedasticity correction, group-wise
heteroskedasticity, and group-wise heteroskedasticity plus serial correlation correction.

We start by introducing some notation. Let ¥, = [ro,7inF20-.-sFNi)
and r., = [ri,rap....rv,), that is, r,, represents the emerging market re-
turns only. Let Z, = [X},X|,,....X},]’ where X;, includes all the informa-
tion variables used in the estimation of the emerging market returns models,
including X7,. Our information set, f,_;, then consists of the collection of data
{4,_1,9,_3----4,.4,} With g, = [r}, Z|]". The collection of all of our data can be
described by §; = [¢7.97_,,--..4),4,) . Analogous definitions apply to Fr and
Z . Note that we will always condition on an initial observation vector, qo- The
parameters of the likelihood function are denoted by 6. We seek to maximize
f(§r:0) over 0, where f(-) represents a density function, which need not be
normal.

Using conditioning arguments, it follows that

.
[0 =] rq 1.0

1=1

T
=1/ 2 1_:0) x £l 0).
=1
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Maximizing f(§,;0) would amount to full information maximum likelihood
which is infeasible given the dimension of ¢,. Instead, we parameterize the model
such that @ = [6,,6,1, f(Z,|r;,1,_;0,) and f(r,|I,_;0,), where 8, and 0,
have no overlapping parameters. In particular, 8, = [0.,,0,,...,0)] with 8, =
(8. Covs tavs Bows )’ O = [81 Cis iy i K1 i €2 Ly A1, €11 for all 7. Note that without
loss of generality, we focus on the estimation of the nonlinear model. We param-
eterize the model such that f(r,|I,_;;8,) is a well-defined density that allows
identification of 6. Ignoring the information in f(Z|r,,1,_1;8,) means that our
estimation yields consistent but inefficient estimates, relative to full information
maximum likelihood.
We further simplify the problem as follows:

f'(rfllf—l;gb) = f‘(re.hrw.[lll—];ob)

:f(re.r‘rw,lalt—l;ob) X f(rw,tul—l;ob) -

Since f(r,.,|I,—1;0p) in our parameterization only depends on 0,,, we can obtain
consistent estimates of 6,, by maximizing the well-defined density f(rw |I,—1;
0..). Again we sacrifice some efficiency, but this approach allows us to use the
full sample on world market return data to estimate ,,.

Consider the remaining piece of the likelihood function, f(ve,|ty..,1,—1;05),
and define 0, = [0,...,0,], e, = [e1r...,en.]), and &, = [e1,...,6n.]". Our
parameterization is such that 0, = [6,,,6.]'. We will maximize this piece of the
likelihood conditional on 6, and £w.r; In doing so, we will not correct for the
sampling error incurred in estimating 0,.

It turns out that with the model specified in Section 2.1, the likelihood function
simplifies further:

FCelrundi1304,0.) = f(eoi|éwid, 1;0,.0,)

= f(ee,l léw.h Iy éw, 06)

N
= ][I/ edléueimi; 6. 00)

=1

N

= Hf(ei.l|‘§w.rall—l;éwa 01) -

i=1

The first step follows from the definition of the information set; the second step
from the definition of &, and the fact that we condition on £, ,; the third step
follows from assumptions (6) and (7) in the case of a normal density but requires
the idiosyncratic shocks to be independent when we use the ¢ and SPARCH
distributions; and the fourth step follows from our particular parameterization of
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the emerging market models. Hence, to identify 8, for all i, we maximize N
different univariate likelihoods,

T
>~ log f(eiiiw di-1: 04 05),
=1

where T; is the number of observations for country i. Again, there is loss of
efficiency, but we can use all of the available data for each individual country.

Appendix B: Empirical distribution of specification test statistics

The statistics proposed in the paper to test whether our models are well-
specified are asymptotically distributed as y%(4) for the mean, moments, and
variance test and x?(12) for the joint test. There are two main reasons that the
actual distributions may differ substantially from the asymptotic ones. First, the
derivation of the asymptotic distribution is not strictly valid in the case of scaled
residuals, which depend on pre-estimated parameters and a number of predeter-
mined variables. Second, we use relatively small samples in our empirical work.

To get a better idea of the actual empirical distribution of the specification
test statistics, we conduct a number of Monte Carlo experiments. In Table A.l
(panel A), we report the results for the tests that use an Andrews (1991) type
serial correlation correction. The first experiment reconstructs returns according
to the world market model with normal innovations and no asymmetry. That
is, we draw normal residuals with the conditional variance determined by the
estimated GARCH model, and reconstruct the returns assuming the predetermined
variables to be fixed. This can be done for the same number of observations
(262) as used in the estimation of the world market return model. We conduct
similar experiments using 192 and 85 observations to correspond to samples that
are frequently used in our empirical work on the emerging markets. To do so,
we reestimate the world market return model using the most recent 192, resp.
85 observations and use these parameters to reconstruct returns in the Monte
Carlo experiments. Once a series of returns is reconstructed, we simply reestimate
the GARCH model as described in the paper. Hence, these experiments yield
a small-sample distribution that also reflects the effect of the scaled residuals
being pre-estimated, although not the effect of the instruments being dynamic
variables.

The second experiment is carried out to distinguish the effects of pre-estimation
from pure small-sample effects on the empirical distribution. Here, we simply
draw standard random normals and conduct the specification tests for various
sample sizes. To illustrate the convergence to the asymptotic distribution, we
conduct these experiments for sample sizes of 10,000 and 1,000 observations in
addition to the samples of 262, 192, and 85 observations.
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Table A.1
Empirical critical values for specification test statistics

Critical values for a 5% size test are reported. In panel A the tests use a serial correlation correction
due to Andrews (1991), whereas in panel B no serial correlation correction is made. For the critical
values on the first line, return samples are reconstructed according to the estimated model for the
world market return with normal innovations but without asymmetry and assuming the instruments
to be fixed regressors. A univariatt GARCH model is then estimated for each sample, the scaled
residuals reconstructed, and the test statistics recorded. The critical values on the second line simply
use the empirical distribution resulting from applying the tests on samples of N(0,1) variables. We
conduct 1,500 experiments, but in the case of the estimated scaled residuals, some experiments had
to be discarded because the estimation gave rise to a nonstationary conditional variance process.

(A) Andrews (1991) serial correlation correction

Sample size
Test 20 10,000 1,000 262 192 85
Mean — — — 9.91 10.51 11.68
{9.49} {9.31} {9.71} {9.62} {9.82} {10.48}
Moments — — — 17.32 21.08 40.05
{9.49} {9.52} {13.86} {24.98} {3239} {76.23}
Variance — — — 8.07 7.72 7.86
{9.49} {9.55} {9.80} {9.93} {10.04} {10.46}
Joint — — — 34.21 40.63 81.67
{21.00} {22.03} {29.84} {51.26} {63.10} {166.58}
(B) No serial correlation correction
Sample size
Test o0 10,000 1.000 262 192 85
Mean — — — 9.54 9.78 9.89
{9.49} {9.33} {9.37} {9.14} {9.55} {9.19}
Moments — — — 16.14 18.94 27.09
{9.49} {9.51} {13.68} {22.88} {27.06} {39.42}
Variance — — — 8.07 7.55 6.92
{9.49} {9.54} {10.00} {9.77} {9.88} {8.85}
Joint — — — 29.71 3335 41.03
{21.00} {21.99} {28.91} {41.18} {45.90} {51.70}

The means and variance tests on the scaled residuals test the restrictions implied by the three distri-
butional assumptions: normal, ¢-distribution, and mixture of normals (SPARCH); see Egs. (19) and
(20). The means test is based on the first four autocovariances of the scaled residuals (21c¢); the
variance test is based on the first four autocovariances of the squared scaled residuals (21f); the
moments tests is based on four moments (mean, variance, skewness, and kurtosis (21a,b,d.e); and
the joint test is based on all the restrictions.
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In Table A.1 (panel A), we report the results for the tests that use an Andrews
(1991) type serial correlation correction. The results are striking. Looking at the
second lines in Table A.1, it becomes clear that convergence to the asymptotic
distribution is quite slow and that for the samples we use, asymptotic tests would
over-reject. This rightward shift in the distribution is especially severe for the
moments test, which reflects the difficulty in estimating higher-order moments
with small sample sizes. Whereas estimating the residuals makes the rightward
shift in the 5% critical values slightly worse for the mean test, it reduces it for the
moments test and the variance test. In fact, for the variance test the small-sample
critical values are below the asymptotic ones. When judging the performance of
our model, we used the first line critical values.

The small-sample distribution may be affected by the underlying model. We
conduct the same experiment using normal innovations but with asymmetric
GARCH. The critical values are not substantially different from those reported in
Table A.1.

Finally, the serial correlation correction could lead to additional small-sample
biases, and we also record the test statistic values for the tests that impose the
zero serial correlation restriction. Panel B shows that the small-sample biases are
indeed smaller for the version of the tests without the serial correlation correction,
except for the variance test. Without knowing the power properties of the tests,
it is difficult to choose between the two versions, but we report the test without
the serial correlation correction.
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