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Abstract

The purpose of this paper is to assess the incremental value of higher moments in mod-
elling CAPMs of emerging markets. Whilst it is recognised that emerging markets are
unlikely to yield sensible results in a mean-variance world, the high skewness and kurtosis
present in emerging markets returns make our assessment potentially interesting. General-
ized method of moments (GMM) is used for the estimation. We also present new versions
of higher-moment market models of the data generating process of the individual emerging
markets and use these to identify model parameters. We find some evidence that emerg-
ing markets are better explained with additional systematic risks such as co-skewness and

co-kurtosis than the conventional mean-variance CAPM.

Keywords: CAPM, Data Generating Process, Emerging Markets, Higher Moments, Kur-

tosis, Skewness.
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SUMMARY

Many empirical studies on emerging markets suggest that methods of conventional fi-
nance such as the mean-variance CAPM are highly misleading when applied to pricing
assets. There are many explanations given; non-stationarity due to evolving degrees of mar-
ket integration, the importance of non-economic factors such as political risk, the presence
of survivorship and re-emerging bias in emerging markets data; country selection bias, and
the evolution from an emerging market to a mature one.

In this study, we focus on the highly significant skewness and kurtosis prevalent in
emerging markets data. The question we explore in this study is whether emerging markets
may be better explained with additional risk factors such as higher moments, e.g., skewness
and kurtosis. We develop higher moment CAPMs, and test them using generalized method
of moments since the distribution function of emerging markets return is not known. Our
empirical results show that emerging markets are better explained with higher-moments
CAPMs. In addition, co-kurtosis has at least as much explanatory power as co-skewness for
the countries used in this study.

In addition, we also use an alternative approach using data generating processes con-
ditioning on the market as in Sharpe’s market model. This is because the high multi-
collinearity in sample co-moments seems to make it hard to jointly estimate co-skewness
and co-kurtosis. To reduce these difficulties, specific models are introduced as candidate
data generating processes; these are the quadratic and cubic market models. We show that
higher-moment data generating processes are consistent with higher-moment CAPMs, and
empirical tests reveal that the collinearity in the parameters appears to be reduced.

We note that whilst the use of higher moments seems to explain emerging markets
better than conventional CAPMs, the higher-moment CAPMs are based on an assumption

of stationarity in emerging market returns. Since there is clear evolution in these markets,



our basic assumption is probably inappropriate. In future research, we hope to investigate
this problem further by combining the ideas of this paper with the evolving models of Bekaert

and Harvey (1995).



1 INTRODUCTION

Research on emerging markets investment has identified the following features; high returns,
high volatility, low correlation between emerging and mature markets and low correlation
between emerging markets which has increased through time. Much of the research has
concentrated on the question of the usefulness of conventional finance to price assets in
emerging markets. The results suggest that the mean-variance CAPM is highly misleading
and that a capitalization weighted portfolio seriously underperforms such simple constructs
as an equally weighted portfolio, for example.

Explanations for the theoretical shortcomings involve non-stationarity due to, for exam-
ple, evolving degrees of market integration, the importance of non-economic factors, such
as political risk, and the inadequacy of two-fund separation and representative agent based
arguments. Bekaert, Erb, Harvey, and Viskanta (1997) discuss the above and also present
other explanations concerned with the nature of data; the presence of survivorship bias,
the data are chosen over a short period, the data miss the longer period of earlier failure
(re-emerging bias); there is also the presence of country selection bias. Other references for
the above discussion are numerous. Results on portfolio evaluation can be found in Masters
(1998).

It is probably unlikely that any version of the CAPM will work in these markets. One
reason may be due to liberalisation within the sample period such that a local CAPM was
valid before the structural break and a world CAPM was valid after the break, see Bekaert
and Harvey (1995, 1997). More recently some markets, i.e., Malaysia, have been trying to
engineer a reverse process, referred to as submerging markets. All in all, a conventional
model will face difficulties.

It is likely that one cannot model risk premia in those markets without including po-

litical /social variables. However, we are not aware of much modelling work that uses the



highly significant skewness and kurtosis prevalent in emerging markets data; see for exam-
ple, Bekaert, Erb, Harvey, and Viskanta (1998) for the evidence of significant skewness and
kurtosis in these markets. Since there exists a literature on the incorporation of higher mo-
ments into risk premia, see Arditti (1967), Jean (1971, 1973), Ingersoll (1975), Kraus and
Litzenberger (1976), Friend and Westfield (1980), Sears and Wei (1985, 1988), Homaifar
and Graddy (1988), and Lim (1989), it seems worthwhile to explore this modelling strat-
egy, if only to eliminate it as a potential explanation. Therefore, throughout this study, we
implicitly assume that higher-moments of returns exist; for the three-moment CAPMs, the
first three moments are assumed to exist and for the four-moment CAPMs, the first four
moments are assumed to exist.

Although a theory of asset pricing using co-skewness is well-known, a theory involving
co-skewness and co-kurtosis is not. Homaifar and Graddy (1988) derive a higher moment
CAPM with Sharpe’s (1964) methodology and test the higher moment CAPM using principal
component regression, latent root regression, and ordinary least square regression. In this
paper we develop higher moment CAPMs in a different way, see section 1, and test them
using Hansen’s (1982) generalized method of moments (GMM). To implement and estimate
these models, certain marginal rates of substitution between different moments need to be
identified. We achieve this by considering (a) quartic approximations to utility functions,
(b) logarithmic utility; these calculations extend existing results in the non-normal CAPM
literature.

In section 2, we describe our data and estimation technique. Following Lim (1989), we
use a multivariate approach with generalized method of moments (GMM). This procedure
is known to be consistent but inefficient relative to maximum likelihood. However, it has the
important property of being implementable without having to specify the data generating

process (DGP) for returns. It also avoids the measurement error problem present in tra-



ditional cross-sectional asset pricing model such as Kraus and Litzenberger (1976), Friend
and Westfield (1980), Sears and Wei (1988), Homaifar and Graddy (1988).

There is enormous difficulty in assessing the correct data generating process for emerg-
ing market returns. Our results reflect the difficulty of modelling returns in these markets;
skewness and kurtosis move in a collinear manner with the market. To reduce these difficul-
ties, specific models are introduced as candidate DGPs in section 3; these are the quadratic
and cubic market models. Assuming that the data are generated by these processes implies
specific restrictions for the higher moment CAPMs which are presented in Theorem 4; these
results are new to the literature. The relationship between the higher-moment CAPMs and
the higher-moment market models is investigated and the higher-moment market models

are estimated for the emerging markets. We present conclusions in section 4.

2 HIGHER-MOMENT CAPMs

In this section, we present various versions of the higher-moment CAPM. It is assumed that
there is a representative (mature-market) investor, and that all returns are in units of period
1 consumption. We suppose that there is a riskless asset whose return is ry and N risky
assets whose i¢th return is represented as r;. Investment proportions on the riskless asset
and the N risky assets are xg and z; (i=1, 2, 3, ..., N), where zq+ Ziil x; = 1. We assume
that for the investor, the initial investment is 1 and the end of period wealth is represented

as w. Then the end of period wealth is

N
w=zo(l+7rs)+ > wi(l+r;) (1)
i=1
Note that the portfolio return for the investor is r, = xgry + Zf;l T

The first four moments of the end of period wealth and their relationship with systematic

risk measures (i.e., beta, systematic skewness, and systematic kurtosis) can be derived as in



Kraus and Litzenberger (1976) (see Appendix 1). That is, if we define the systematic risk

measures, (3,,, V;,, and 6;, as

_ El{ri = E(rd) Hrp = E(rp)}]

B = = Hlr, - B}

Vip = E[{ri*E(Ti)}{rp*E(rp)}z}
" El{r, — E(ry)}?]

o _ Blri— B Hry — E(rp)}”]
v E[{ry — E(ry)}]

then it follows that

N

o(w) = Zi:l 2i3;,0(p)
where o(2) = E[{z — E(2)}?]'/?,

y(w) =Y i)

where v(z) = E[{z — E(2)}3]*/3, and

Ow) =" wibib(ry)

(7)

where 0(z) = E[{z — E(2)}*]'/* and z is a random variable ( we note that the above

parameters all have the property that they are homogeneous of degree 1 in ). The measures,

Bips Vips and 04y, are known as beta, systematic skewness and systematic kurtosis and, as we

shall see, are natural measures of systematic risk, or exposure, of an asset to market variance,

skewness and kurtosis. Here we use the subscript p to refer to the portfolio of interest.

Throughout this study, o(z), v(2), and 6(z) are called as standard deviation, skewness, and

kurtosis. Note that skewness and kurtosis are generally defined as E[{z — E(2)}3]/0(2)3

and E[{z — E(2)}*]/o(2)*, respectively. In this study we call these expressions normalised

skewness’ and ‘normalised kurtosis’ to separate them from our definitions in (6) and (7) .



The investment problem is described next; the investor maximizes the expected utility

of end of period wealth subject to a budget constraint as follows:

Maz E[U(w)] = f(E(w),o(w),y(w),0(w)) (8)

N
subject to 1 = aso—l—g T
1=

Taking the first order conditions for the Lagrangian which is formed for the above maximiza-
tion problem and solving for the investor’s equilibrium condition, we obtain the following

equation (see Appendix 2).

B =17 = |G| Burten) + [ ] ) + | Tt |t )

In order to move from the individual equilibrium model to a market equilibrium model,
we need a portfolio separation theorem. Under this theorem, all individual investors maxi-
mize their utility with two funds; a riskless asset and the market portfolio. This is referred to
as two fund money separation (TFMS). Conditions which ensure TFMS are that all agents
have a hyperbolic absolute risk aversion (HARA) utility with the same ” cautiousness” pa-
rameter. In this case, the individual investor’s optimum portfolio composition is equivalent

to that of the market portfolio. Therefore, equation (9) becomes

dE(w)

Br) 15 — | S Byotrm) + |

dE(w)
dry(w)

[rirtr) + | God] buntir) 10)

where r,, is the rate of return on the market portfolio. We present the above result as

theorem 1.

Theorem 1 The four-moment CAPM can be represented as
E(ri) —rp = a1By, + @2%i, + a3bim (11)

where a; = %%)ln(rm), g = ?15(;0) ¥(rm) and az = %Q(Tm).

Proof. See above.



Remark 1 We expect the market price of beta reduction, o, to be positive as in the conven-

tional CAPM. On the other hand, the market price of co-skewness, aa, should be negative

L. . w) w)]/9y(w
(positive) when (ry) > 0 (y(rm) < 0), since % = gg[[g(w)]]/gg(w) < 0 under non-

increasing absolute risk aversion, see equations (15) and (17). Therefore, agy is expected
to have the opposite sign as v(ry,), see Kraus and Litzenberger (1976). Finally, the mar-

ket price of co-kurtosis, as, is expected to be positive, since Zg((fuu)) = — gg{[g((;u))]]//gg((z)) > 0,

see equations (15) and (18). That is, the positive az is an additional measure of degree of

dispersion in returns and thus should have the similar explanation to aq.

Remark 2 If ag = 0, we have the Kraus and Litzenberger (1976) (KL) three-moment

CAPM. We refer to equation (11) as the KL four-moment CAPM.

It is important to note that equation (11) has been derived without any assumptions
abut the DGP generating returns. Indeed this section is written consciously trying to avoid
specifying a model for emerging market returns. Authors notably, Kraus and Litzenberger
(1976, 1983), have specified a DGP relating r; to a quadratic conditional expectation function
(CEF) in r,,. This can then be used to make inferences about co-skewness. Likewise, if
we were to add a cubic CEF, we could model co-kurtosis. Such an approach will be left to
section 3.

Empirical results on the three-moment CAPM are not consistent: KL found significant
coefficients on beta and co-skewness, while Friend and Westerfield (1980) did not. Sears and
Wei (1985) argued that the empirical value of market risk premium, E(r,,) — r¢, can affect
the estimation of asset pricing models, that is, coefficients on beta and co-skewness. When

we apply equation (10) to the market portfolio, we obtain the following equation.

Brm) =17 = |G| o) + | o] 10+ [t ] 0 (12)




since B,,, = Vim = Oim = 1 when i is the market portfolio. Dividing equation (10) by
equation (12), we present as a corollary to theorem 1 the Sears and Wei (1985) version of

the four-moment CAPM.

Corollary 2 The Sears and Wei (1985) (SW) four-moment CAPM is represented as

E(ry) —rp = (018im + b2Yim + b30im) (E(rim) — 1) (13)
_ o(rm) _ kiy(rm) _ k20(rm)
where b1 = T TRy () 20 ? b2 - U(T‘m)-i-lﬁjy(rm)-i-kge(rm,)’ b3 - a(rm)-i-kn’2y(rm)+k29(rm)7

dE(w)/dy(w dE(w)/d0(w
k1 = et raate)s and ke = Bt ate)-

Remark 3 If ks =0, we have the SW three-moment CAPM.

Here, k; is interpreted as the market’s marginal rate of substitution between skewness
and risk and ks is the market’s marginal rate of substitution between kurtosis and risk.
Therefore, the coefficients of KL models have the following relationship with those of SW
models: ay = by (E(r,,) —7f) and ag = ba(E(ry,) — 75).

Theoretically, the market risk premium is always positive. However, in practice, there
may be a period when the sample value of the market risk premium has a negative sign.
SW argue that the tests of asset pricing model may be affected by the sign of the market
risk premium. These formulae depend upon the assumption that equation (11) holds for the
market as well, which will be discussed later.

For the SW four-moment CAPM in equation (13), we further investigate the marginal
rates of substitution. The investor’s expected utility of end of period wealth function may

be approximated as follows using a Taylor series about E(w):

BU@w)] ~ U(Ew) + TEw)
L U(B(w)

3!

rr(w)2 (14)

U////(E(w))

)

y(w)? +
The non-satiation and decreasing marginal utility conditions require U'(E(w)) > 0 and

U"(E(w)) < 0, respectively. In addition, the sufficient condition for the non-increasing

10



absolute risk aversion is U”/(F(w)) > 0. Turning to preference for the fourth moment,
Scott and Horvath (1980) show in Theorem 2 that U””(E(w)) < 0'. Therefore, using these

conditions, when we differentiate equation (14) with respect to E(w), o(w), v(w), 6(w), we

obtain?
%(g‘)’)] U'(E(w)) > 0 (15)
% U'(E(w))o(w) <0 (16)
o R TR .
—6?9[9[{5;’” ~ LDy < (18)

Note that the rates of the marginal substitution can be represented as k; = g—g%%%

and ko = g—gf%%%%, using equations (A2.5), (A2.6), and (A2.7) in Appendix 2.

Remark 4 The marginal rates of substitution will have the following signs; ki < 0 and

k2>0.

Negative k; has the interpretation that rational investors prefer positive skewness and
reduced risks. On the other hand, ks is positive, since investors dislike dispersion which both
variance and kurtosis measure. As mentioned in Scott and Horvath (1980), U""(E(w)) < 0
may be explained in the same way as U”(E(w)) < 0. That is, investors dislike, in the above
sense, dispersion of wealth for a given expected wealth. It therefore follows that in some
situations, kurtosis may become an additional risk measure for assets which variance alone
fails to explain.

For the four-moment CAPM, it seems to be difficult to identify k; and ks. One solution
is to use a known utility function which is parameter-free. One obvious candidate is log-
utility, U(w) = In(w). In this case, we can represent the CAPM with skewness and kurtosis

as follows (see Appendix 3);
E(ri) —rg = (L1Bim + LoYim + Lsbim ) (E(rm) — 75) (19)

11



E(w)Qa' rim)>

E(w)?0 (rm)?—E(w)y(rm)3+0(rm)*?

L2 = — E(w)FY(Tm)B and L3 =

where L; = E(w)20 (rm )2 —E(w)y(rm ) +0(rm) %’

O(rm)*
E(w)20 (rm)? —E(w)y(rm)3+0(rm)*"

To summarize this section, we present seven models in table 1. In the following section,

the estimation method for each model is described and results follow.

3 EMPIRICAL TESTS

All empirical tests in this paper are presented from an American investor’ point of view.
Returns of emerging markets are represented in dollars. For the riskless rate of return, we
use the 3 month US treasury bill. As a proxy of the market portfolio, Morgan Stanley
Capital International (MSCI) world index total returns are used. Our emerging market
return series from the International Finance Corporation (IFC) global data set consist of
17 countries from January 1985 to January 1997 for a total of 145 observations. All of the
above assumptions may involve difficulties, but they are standard.

Note that the rates of return on the riskless asset are not constant through time. As in
KL, the observed excess rates of return on the individual countries deflated by unity plus the
riskless interest rates, R;; = (14 — 7f¢)/(1 + 75¢), are used and the observed excess rates of
return on the market portfolio are also deflated in the same way. This is a method to make
moments of the rate of returns intertemporal constants under a changing riskless interest
rate (see Fama, 1970). Under certain circumstances, it allows us to use one period models
for time-series data.

Table 2 reports the first four moments of the data used in this study. As pointed out
in Bekaert, Erb, Harvey, and Viskanta (1998), returns of the emerging markets are higher
than the world market portfolio in 10 out of 17 emerging markets. In particular, all of

the unconditional volatilities of the emerging markets are higher than that of the market

12



portfolio. Consideration of the third and fourth moments shows that 14 out of 17 emerging
markets are not normally distributed. Panel B of table 2 shows certain statistical properties
of emerging markets when the market crash of October 1987 is excluded. The results are
similar to those of panel A except for the market portfolio and Malaysia. This indirectly
indicates that emerging market returns are not closely correlated with developed market
returns. In addition, note that the number of significant coefficients of kurtosis is larger than
the corresponding number of skewness coefficients. That is, the main source of nonnormality
in emerging markets is kurtosis rather than skewness.

For the SW higher-moment CAPM we need the marginal rates of substitution. In the
next subsection, we first estimate the marginal rates of substitution between risk and skew-
ness and kurtosis for the American investor. Then the higher moment CAPMs will be

estimated using emerging market data.

3.1 Estimation of the Marginal Rates of Substitution

A potential difficulty with our estimation is that the marginal rates of substitution, k; and
ko, inferred from the emerging markets data are wildly inaccurate measures of k1 and k.
Emerging market returns have quite different statistical properties from US asset returns and
the marginal rates of substitution calculated from emerging market returns may be different
from those calculated from domestic US data. If k; and ks are inferred from emerging
markets, the estimates of the marginal rates of substitution are sensitive to the countries
selected, since the first four moments of emerging markets are quite different across countries,
see table 2. This means that the indirect utility function of the representative US investor
inferred from our emerging market returns is likely to contaminate all our other results
via the nonlinearity of the model. For these reasons, the marginal rates of substitution

are estimated separately using a US data base rather than emerging markets data. This

13



procedure assumes that American investors have the same marginal rates of substitution
over domestic and overseas investment. It is only the moments that matter in the indirect
utility function, not the location of the asset.

To reduce measurement errors in beta, co-skewness, and co-kurtosis, risk asset portfolios
are formed with a grouping procedure similar to the procedures used by Kraus and Litzen-
berger (1976) and Sears and Wei (1988). We use monthly deflated excess returns on 273 US
stocks in the MSCI world universe from January 1985 to January 1997. The S&P 500 index
total returns are used as a proxy of the market portfolio and the 3 month US treasury bill
is used for the riskless rate of return.

First, we calculate systematic risks using 5 years monthly deflated excess returns. Then
stocks are ranked into N-tiles (IV groups) on the basis of beta estimates, and then for each
group, stocks are ranked again into N-tiles on the basis of co-skewness estimates; therefore,
the number of the risk asset portfolios for beta and co-skewness is NZ2. In addition, for
risk asset portfolios for beta, co-skewness, and co-kurtosis, stocks are ranked again into
N-tiles on the basis of co-kurtosis estimates for each groups obtained for the risk asset
portfolios of beta and co-skewness.. Therefore, the number of risk asset portfolios for beta,
co-skewness, and co-kurtosis is N3. The subsequent 12 months deflated excess returns for
the risk portfolios are calculated for each group. This procedure is repeated for the entire
sample period beginning each January. The final subsequent portfolio returns consist of
13 month returns from January 1996 to January 1997. This provides 85 monthly deflated
excess returns from January 1990 to January 1997 for each of the N2 (or N3) portfolios.

To avoid a risk of spurious correlation between the systematic risks of the portfolios
obtained above, the sample estimates of the systematic risks for the portfolios are calculated

as follows, see Kraus and Litzenberger (1976);

B _ Zle,s;ét (R%S - R%)(Rms - Em)
imt —
et (Rons — Rn)?

(20)

14



—~ ZZ:l,s;ét(Ris - Rz)(I%ms - 17771)2

Vimt = = 21

o S (Ris — Rin)? -
T 5 B3

—~ _ R;s — R;)(R,s — Ry,

5 28_1,5#3 o — ) ) )

> et (Rims — R
The marginal rates of substitution are calculated using the GMM method. The orthogo-
nality conditions are derived as follows. We obtain the following relationships from the SW

four-moment CAPM in equation (13); k1 = %:—:% and ko = %g(%. These relationships

can also be represented as by = % and b3 = %@. Replacing by and bs with these

Tm

relationships, the SW four-moment CAPM can be rewritten as

k1b1y(rm) kb1 0(r1,)

E(TZ) —ry= (bllgim + O'(Tm) im O'(Tm)

Oir ) (E(rim) — 1) (23)
and therefore, our orthogonality condition, h,(®), for the estimation of k; and ks is
B[Rir — bo = b1{Bigns + 7R Fignt¥ (Ron) ks 4 (BBt (Ren) bz} Rena] = 0 (24)

where R;; and R,,; are deflated excess returns of portfolio 7 and the market portfolio at time
t, (Rpm), ¥(Rm), E(Rm), Bimt, Vimes and /e\imt are sample estimates, and ©' = («g, o, k1,
k2) is a vector of parameters to be estimated. Therefore, for the estimation of &y and ks, we
have 4 parameters to estimate and N? orthogonal conditions (N — 4 degrees of freedom).
On the other hand for the estimation of k;, we have three parameters, @ = («ag, aq, k1),
and N? orthogonal conditions (N? — 3 degrees of freedom). The parameters are estimated
until convergence by iterating on the weighting matrix.

In this study, for the estimation of ki, N is set to 5 and 25 risky asset portfolios are
formed. For the estimation of k; and ks, N is set to 3 and 27 portfolios are constructed. This
should give us sensible estimates of the marginal rates of substitution, results are reported
in table 3.

Panel A of table 3 reports the estimates of the market’s marginal rate of substitution

between skewness and risk, El, for the SW three-moment CAPM. The model is not rejected

15



both when the market crash of October 1987 is included and when the market crash of Octo-
ber 1987 is excluded. Note that negative k; is expected. This implies that the representative
investor likes positive skewness. We have negative ki (-0.1266) when the market crash of
October 1987 is included but positive k1 (0.1693) when the market crash of October 1987
is excluded. However, these estimates are not significantly different from zero and we do
not find evidence of a significant relation between risk and skewness. Lim (1989) and Sears
and Wei (1988) find significant negative relationship between skewness and risk when the
SW three-moment CAPM is not rejected. However, their results are sensitive to the sample
period used.

Panel B of table 3 reports the estimates of k1 and ko for the SW four-moment CAPM in
equation (13). Note that in this four-moment CAPM, k; has the correct sign (negative) both
when the market crash of October 1987 is included (-3.7964) and when the market crash
of October 1987 is excluded (-0.3047). However, none of them are significantly different
from zero. On the other hand, although we expect positive 76\2 (the representative investor
is averse to kurtosis), the estimates when the market crash of October 1987 is included
and when the market crash of October 1987 is excluded are negative (-2.7887 and -1.6856,
respectively). Again all estimates are not significantly different from zero, suggesting that
the expected relationship between skewness and risk is not strong.

We do not find positive evidence on a relationship between risk and skewness or kur-
tosis for US investors for the given sample period. We believe that it is difficult to find
significant estimates of k; and ko in mature markets, since the returns in these markets are
close to normal and do not have significantly large skewness or kurtosis. In our example,
this argument is supported by the fact that the estimates of the normalised skewness and
normalised excess kurtosis of the S&P 500 index return in table 3 are not significantly dif-

ferent from zero when the 1987 market crash is excluded. When the 1987 market crash is

16



included, we have significant estimates both for normalised skewness and normalised excess
kurtosis. However, the 1987 market crash, one observation, does not seem enough to give
us significant estimates of ky and ks.

Another reason why we fail to have significant estimates of k; and k2 may be the time-
varying properties of risks. The studies of Friend and Westerfield (1980), Lim (1989), and
Sears and Wei (1988) suggest that estimates of k; change in different sample periods. Time-
varying systematic risks may be an appropriate tool for the analysis. In addition, estimates
of higher moments are more sensitive to a small number of extreme returns. In this case,
although we construct portfolios in an appropriate way to reduce measurement errors, ex
post returns may have quite different properties from ex ante returns especially in higher

moments.

3.2 Estimation Procedure of Higher Moment CAPM

The four-moment CAPM is tested using Hansen’s (1982) generalized method of moments
(GMM); this procedure is distribution free and is used when the assumption of normality
is not appropriate. The evidence presented in panel B of table 2 strongly suggests that it
would be inappropriate to assume normality for emerging market returns. We explain the
GMM estimation for the SW four-moment CAPM of equation (13). Detailed explanations
for the other models follow later. Note that all the other models use the same procedure
differing only in the orthogonality conditions imposed.

Following the three-moment CAPM of Lim (1989), the orthogonality conditions, h(©),

for estimating the SW four-moment CAPM are

{U(Rm) + kl’Y(Rm) + k29(Rm) } Rit

- {O(Rm)ﬁim + kl'Y(Rm)%;m + k29(Rm)9%’m} Ryt

B |RitBynt — j(Ron) Rt = Bi { Rt = p(Ron) | = 0 (26)
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Rithnt — 2u(Rm) Rit Rzt + ,U/(Rm)QRit — U(Rm)QRit

~YVim A Bt — F‘(Rm)}g

Rit R}, — 31(Ry) Rit R,y + 31u( Ry )* Rit Rt

E =0 (28)
| 7M(Rm)3Rit - V(Rm)Sth - 0zm {Rmt - N(Rm) }4

E [{ Rt — n(Rp) Y — 0(Ri)?| =0 (30)

B [{ Ryt — (o)}~ (B)?| =0 (31)

E [{Runt = n(Rpn) Y = 0(R,)Y] =0 (32)

where ¢ = 1,...,N and N is the number of emerging markets. The first IV orthogonality
conditions come from the four-moment CAPM of equation (13). The next 3N orthogonality
conditions are N conditions for beta, N conditions for co-skewness, and N conditions for
co-kurtosis. The last four orthogonality conditions are for mean, variance, skewness, and
kurtosis of the market returns. Therefore, we have 4 N+4 orthogonality conditions and 3N +6
parameters, ® = (81, Bams - BN Yims Y2ms - YNwms O1ms 02y oy Oy 1o(Rin), 0(Rom),
Y(Rpm), 0(Rm), k1, k2)’, to be estimated. There are N — 2 overidentifying restrictions in the
system. The numbers of the overidentifying restrictions for the other models are explained
later.

Without losing asymptotic efficiency, we apply a linear Taylor series approximation about
our sample estimators to deal with the nonlinearity of the orthogonality conditions.?For the

one-step Gauss-Newton procedure, the GMM estimate, @T, is the value of ® that minimizes
=1
l97(©)]"Sy [97(©))]

where

gr(©®) =171 Z ht(©)

18



and

Sr=T"1Y" [(®)] [n(®)] (33)

t=1

and sample estimators of the parameter vector, ®, are calculated from the definition of each
parameter.

The GMM estimate can be treated as if

O, ~ N(©y, (DS, ' D)) (34)
where

~ 8gT(®)

Dr==56 le-a. (35)

The Lagrange Multiplier (LM) test statistic for the validity of the restricted four-moment

CAPM is
7 [9r(®)] S, [or(®)] — X2V - 2) (36)

since we have N — 2 degrees of freedom. Note that this test statistic is equivalent to that of
the overidentifying restrictions, see Hansen (1982).
There is a statistical problem in estimating higher-moment CAPMs; the systematic risk

measures, (3 and 6;,,, are collinear. The correlation matrix obtained from sample

ims Vimo

estimators, Ez and 0, is reported in table 4. It is apparent that the data are quite

mo Vims
collinear which may well lead to identification problems.

A referee has commented that when all 17 emerging markets are considered jointly,
the GMM system becomes too large. For example, for our SW four moment CAPM, we
have 72 (17 x 4 + 4) orthogonality conditions. In this case, the estimation results may
become unreliable, see Ferson and Foerster (1994) and Bekaert and Uris (1996) for further

discussion on this point. The referee also suggests grouping emerging markets sensibly to

avoid collinearity problem in the GMM system.
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Accordingly we have divided our emerging markets into groups to reduce the orthogonal-
ity conditions and possible multicollinearity. In previous work Hwang and Satchell (1998)
analyse both currency and equity return in emerging markets, and suggest that there are
different regional factors in emerging markets. They find that emerging markets factors
can be related to Asia, Southern Asia, Latin America, Central America, and Middle East
groupings. In this study, we divide the 17 emerging markets into three groups and estimate
a GMM system for each of the three groups. The three groups are the Asian group which
includes India, Korea, Thailand, Taiwan, Malaysia, Pakistan, and Philippines (7 countries),
the Latin American Group which includes Argentina, Brazil, Chile, Mexico, Colombia, and
Venezuela (6 countries), and the Other Country group which includes Greece, Zimbabwe,
Jordan, and Nigeria (4 countries). This reduces the number of orthogonality conditions to
32 (7 x 4+ 4) for the Asian group with the SW four moment CAPM and less for the other

two groups.

3.2.1 Mean-variance CAPM (Model I)

Table 5 reports the results of the GMM estimates of the mean-variance CAPM for the

emerging markets. That is,

E(R;) = 1By (37)

where ay = E(R,,). For the mean-variance CAPM, the orthogonality conditions consist of
equations (37), (26), and (29) and the number of the overidentifying restrictions is N.
Table 5 shows that the LM statistics do not reject the mean-variance CAPM except for
the Latin American group. Note that Asian markets are relatively well explained with the
traditional mean-variance CAPM. The value of the adjusted R? is relatively high. India and
Pakistan are not explained by the mean-variance CAPM. The results are consistent with

Hwang and Satchell (1998) who show that Eastern Asia has different factors from those of
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Southern Asia such as India, Pakistan, and Sri Lankan.

On the other hand, the mean-variance CAPM is rejected for the Latin American markets
both when the market crash of October 1987 is included and when the market crash of
October 1987 is excluded. Only Mexico which has a strong relation with the US is explained
by the mean-variance CAPM. Also note that Greece has a significant beta. Greece is often
considered one of the European markets which has a significant contribution to the world
index. The values of the adjusted R? are small for the Latin America and Other Country
groups, suggesting that the mean-variance CAPM is not an appropriate model for these
markets.

The results in table 5 suggest that the mean-variance CAPM can be used for Eastern
Asian countries and countries which have a close relationship with mature markets. One of
the main reasons why the Latin American markets are not explained with the mean-variance
CAPM may be the highly volatile Latin American currency returns, see Hwang and Satchell

(1998).

3.2.2 KL Three-moment CAPM (Model II)

Table 6 shows the results of the GMM estimates for the following KL three-moment CAPM;

E(RZ) = alﬁim + 2%Yim (38)

The orthogonality conditions are equations (38), (26), (27), (29), (30), and (31). For the
KL three-moment CAPM, the number of the overidentifying restrictions is N — 2.

Here, we do not reject the model for the Asian and Other Country groups, but reject
the model for the Latin American group at the 1% level as we did in the mean-variance
CAPM. Although the coefficients, ai; and as, are not significant as in Friend and Westfield
(1980), Lim (1989), and Sears and Wei (1988), the market price of beta, a1, and the market

price of co-skewness, aw, have correct signs when the 1987 crash is excluded; a; and ay are
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positive, since y(r,,) < 0. Investors need more return for the negative skewness of the market
portfolio over the test period and thus, expected returns should increase to the co-skewness.
These results do not apply with the case when the 1987 crash is included, since Asian and
Other Country groups have negative as. However, the coeflicients are insignificant.

Another interesting point is that none of the estimates of ~,,, is significant when the
1987 crash is excluded, while we can find significant 7;,,, in the Latin American group when
the 1987 crash is included. In particular, the adjusted R? increases dramatically for the
Latin America and other countries groups, especially when the 1987 crash is included. Here,
the adjusted R? for these two groups are now larger than that of Asia. For the Asian
countries the adjusted R? is not increased with the inclusion of co-skewness and none of the
co-skewness estimates are significant in the presence of the 1987 market crash. This suggests
that for these countries co-skewness may not be an appropriate risk measure. It is by no
means clear, however, that it is correct to regard the 1987 crash as a one-off bizarre event
to be ignored or downscaled.

The addition of co-skewness as a risk measure increases explanatory power of the KL
three-moment CAPM for some emerging markets. Our results suggest that Latin America

and Other Country groups can be explained better with co-skewness.

3.2.3 SW Three-moment CAPM (Model V)

Table 7 shows the results of the GMM estimates for the SW three-moment CAPM;

U(Rm) + kl’Y(Rm) U(Rm) + kl’Y(Rm)

E(R;) = E(Rm) (39)

In this case, the orthogonality conditions consist of equations (39), (26), (27), (29), (30),
and (31), and the number of the overidentifying restrictions is N. This differs from the KL

model by using the restrictions of the marginal rate of substitution between skewness and

risk (k).
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As explained above, the marginal rates of substitution reported in table 3 are used for
the estimation of the SW three-moment CAPM model in the emerging markets. This is
known as a sequential GMM technique.. That is, consistent estimates /k?l of k1 will be used
as given values for the estimation of the SW three-moment CAPM. The sampling errors in
the estimation of k; should be considered when other parameters in the SW three-moment
CAPM are estimated for the fixed k;, see Bekaert (1994), Burnside (1994), and Heaton
(1995) for further details. We use Newey and West (1987) method to construct a consistent
estimate of the variance-covariance matrix as in Bekaert (1994). In addition, we use a multi-
step Gauss-Newton procedure: using the previous estimators of S and @, the calculation
was repeated until there is no change in the estimates of ©.

Table 7 reports the results of the multi-step Gauss-Newton procedure. The LM statistics
show that we reject the SW three-moment CAPM at 1% level for Latin America and Asia
(four out of six cases). As in the KL three-moment CAPM, none of the estimates of ,,,
except some Latin American countries is significant. We do not calculate adjusted R? values
for the SW three-moment CAPM, since the SW three-moment CAPM is nonlinear model.

The SW three-moment CAPM does not seem to explain emerging markets well. The LM
statistics of SW three-moment CAPM are much larger than those of the KL three-moment
CAPM. In addition, the number of significant beta and co-skewness in the SW three-moment
CAPM is smaller than that in the KL three-moment CAPM.

Although the SW three-moment CAPM allows us to divide coefficients of the KL three-
moment CAPM into the market risk premium and the marginal rates of substitution, the
results in table 7 do not seem to be encouraging. The KL higher-moment CAPMs are an ex
ante model as is the conventional mean-variance CAPM and thus, theoretically we do not
expect a negative market premium. In addition, the actual average value of our deflated

excess market returns used in this study (deflated excess MSCI world index total returns)
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is always positive. These theoretical and empirical explanation suggest that we may not get
a great deal of insight from the SW higher-moment CAPM. Moreover, as explained above,
we have some difficulties in estimating the marginal substitution rates.

We tried to estimate the SW four-moment CAPM as described by equations (25) to (32).

However, this failed to converge.

3.2.4 KL Four-moment CAPM (Model IIT)

In table 8 we represent the results of the GMM estimates for the KL four-moment CAPM
given by equation (11). Here, the orthogonality conditions consist of equations (11), (26),
(27), (28), (29), (30), (31), and (32), and the number of the overidentifying restrictions is
N — 3. The sample estimators of ay, as, and as are obtained from the GMM estimation
described in subsection 2.2. The LM statistics in table 8 shows that we do not reject the
model at the 5% level except Latin America when the 1987 market crash is excluded. The
adjusted R? values are larger than those in tables 6 and 5. The LM statistics and R? indicate
that the KL four-moment CAPM explains emerging markets better than other models we
reported in the previous subsections.

As explained in section 1, we expect a1 > 0, a2 > 0, and «g > 0, since 7(r,,) < 0. None
of the coefficients are significant except a1 and g of Latin American group in the presence
of the market crash.

When we compare the results to those of the KL three-moment CAPM in table 6, the
numbers of significant co-kurtosis terms are 9 when the market crash is included and also
9 when the market crash is excluded, respectively, without changes in the significance of
the estimated f3,,,. Interestingly, the significance of co-skewness in Latin America for the
KL three-moment CAPM disappears and none of the co-skewness estimates in the KL four-

moment CAPM is significant. This suggests that Latin American countries can be better
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explained with co-kurtosis than co-skewness when the 1987 market crash is included.

The adjusted R? values of the four-moment CAPM are all higher than those of the
KL three-moment CAPM. In particular, Latin American and Asian groups when the 1987
market crash is included and Asian and Other Country groups when the 1987 market crash is
excluded show significant benefits from the inclusion of the co-kurtosis. However, the Other
Country group in the presence of the market crash and the Latin American group when the
1987 market crash is excluded do not have larger adjusted R? by adding co-kurtosis, see the

adjusted R? in tables 5 and 6.

3.2.5 KL Second- and Fourth-moment CAPM (Model IV)

The different explanatory power of systematic risks in tables 5, 6, and 8 is further investigated
by estimating the mean-variance CAPM with co-kurtosis. In table 9 we report the estimation

results of the model. The CAPM with co-kurtosis is represented as
E(R;) = a18;, + a3bim (40)

When the skewness of the market portfolio is negligible, that is, y(r,,) =~ 0, the second term
of the right hand side of equation (11) may be disregarded (ag = %y(rm) ~ 0). The
orthogonality conditions for the CAPM with kurtosis are equations (40), (26), (28), (29),
(30), (31), and (32) and the number of overidentifying restrictions is N — 2.

As in table 8, the signs on the coefficients (a; and «g3) are not always positive and the
estimates are not significant. The LM statistics show that we reject only one case, the
Latin American group when the 1987 market crash is excluded. This is the same as the
KL four-moment CAPM. However, the number of significant beta and co-kurtosis terms is
larger than those of the KL four-moment and three-moment CAPMs.

The adjusted R? values in table 9 together with those in tables 5, 6, and 8 suggest the fol-

lowing; when the 1987 market crash is included, the Latin American group is explained with
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beta and co-kurtosis, the Asian group is explained by beta, co-skewness, and co-kurtosis,
and the Other Country group is explained by beta and co-skewness or beta and co-kurtosis.
On the other hand when the 1987 market crash is excluded, the Latin American group is
explained with beta and co-skewness, and the Asian and the Other Country groups are
explained by beta, co-skewness, and co-kurtosis.

The KL second- and fourth-moment CAPM does not seem to be inferior to the Kraus
and Litzenberger three-moment CAPM for emerging markets. The number of significant
risks and the LM statistics support the KL second- and fourth-moment CAPM rather than
the KL three-moment CAPM. The individual emerging markets may be better explained
with co-kurtosis rather than co-skewness. Concluding from table 9, co-kurtosis rather than

co-skewness may be a more appropriate additional risk measure for the emerging markets.

3.3 Summary of GMM Results

The adjusted R?, LM statistics, and number of significant systematic risks support the
modelling of higher moments for emerging markets. Our ancillary assumptions about the
«;s and k;s and their signs are not contradictory to the empirical findings.

Attempts to utilize log-utility, which obviates the need to estimate ki and ko did not
do any better, indeed our iterations failed to converge. This is the reason why we do not
report results for the SW four-moment CAPM with log-utility. Another assumption, that
of a simple representative agent, seems too strong as well. It may be better to consider
a multiple-agent equilibrium so that risk premia are generated by more than two funds.
However, pricing assets in this situation tends to be much more complicated.

Turning to the role of the market crash, all estimations were re-calculated without Octo-
ber 1987. The effect of this was actually minimal except that co-skewness was dramatically

increased without the crash. This seemingly paradoxical result follows from the fact that
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the numerator of co-skewness did not change much with the exclusion of the crash whilst

the denominator was substantially reduced.

4 HIGHER-MOMENT DGP

The previous sections avoid a specification of the DGP and use the GMM to estimate
the higher-moment CAPMs. However, as mentioned earlier, the estimated versions of the
higher-moment CAPMs have a statistical problem, non-identifiability between risk mea-
sures. Barone-Adesi (1985) suggests the quadratic market model can be used to reduce the
collinearity problem in the KL three-moment CAPM.

In this section, we specify the DGPs; the linear market model, the quadratic market
model, and the cubic market model. The DGPs are shown to be consistent with their
equivalent higher-moment CAPMs as well as reducing the multicollinearity of the systematic
risk measures.

We first consider the linear market model. That is, the DGP of an asset i is presented

as a linear function of the excess rate of return on the market portfolio,
Tig—Tf =00+ Q1;(Tme—Tf)+ it (41)

Subtracting the expected value of equation (41) from equation (41), and using the defini-
tion of the systematic risk measures, (3;,,, Vim, and Gin, in equation (2), (3), and (4), we
obtain 3, = Viyn = @im = a1,;. That is, when individual asset’s excess rate of return is
simply represented as a linear function of excess rate of return on the market portfolio, the
mean-variance CAPM rather than higher-moment CAPMSs should be used. Otherwise, the
systematic risk measures in the higher-moment CAPMs are perfectly collinear.

For the following quadratic market model,

Tig =75 =0 + a1 (Tme —7f) + Q2,i(Tme — E(rm))? + e (42)

27



using the same method as in the linear market model, we obtain

3
Y Tm
Bim = Qi+ az,iﬁ (43)
_ 0(rm)* — o(rm)*
Yim = Q14+ Q24 ’Y(Tm)?’ (44)

We suggest only beta and co-skewness, since for the two parameters, oy ; and s ;, of the
quadratic market model, only the first two systematic risk measures can be derived, unless
other information on the relation between co-kurtosis and beta and co-skewness is available;
KL and Giovanni (1985) provide further discussion on the quadratic market model. The
equations (43) and (44) give us some insight into the nature of the multicollinearity between
Bim and 7. For example, if the weights on as; in equations (43) and (44) are equal,
Birm = Yim. If either oy ; or ay ; is constant for all ¢, then 3;,, and ,,, will be collinear.

A generalization of equation (42) is the cubic market model given below
Pig —1rf = Q0+ aLi(Pme —1f) + 02,i(rme — B(rm))? + azi(rme — E(rm))® +e1(45)

We can use equation (45) to evaluate the relationships given in equation (11). We present

this as a theorem.

Theorem 3 If we assume the validity of the KL four-moment CAPM as given by (11) and

a DGP as in (45), then the systematic risk measures, (3 and 0;,,, are

ims Tims

az,iv(rm)® + as,i0(rm)*

Bim = a1, + . (46)

as; 0t — o (rm) Y + s {d(rm)® — Y(rm)30(rim)?
Yim = Q1,4 T 2 {9( ) (rm) } ':(fm){;/)( )° = (1)’ (rm) } (47)
Oim = an,i + 2 19m) U(TM)QV(ZZZ}; as,i {£(rm)°® — v(rm)°} (48)

where ¢(ryn) = E[{rm — E(rm)}°1Y°, ©(rm) = E[{rm — E(rm) 6116, and the other parame-
ters are defined the same as in the previous sections.

Proof. See the explanation of the above linear market model. We omit details.
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The higher-moment CAPMs depend on the highest moment of the DGP; if the DGP
is quadratic, we cannot use the four-moment CAPM but the three-moment CAPM. Only
when the DGP is cubic, can we use the four-moment CAPM. Therefore, if the unknown
DGP is a quadratic and the four-moment CAPM is estimated, the four-moment CAPM is
not identifiable, and the multicollinearity problem in the systematic risk measures creates
estimation problems.

Tables 10 and 11 report the GLS estimates for the quadratic and cubic market models.
Here we do not divide the 17 emerging markets into groups, since the problems that arise
in a large system in GMM estimation is not expected in the GLS estimation that we carry
out. Table 10 shows that the significant estimates of oy ; are all positive and the significant
estimates of as; are all negative except one. This implies that individual emerging market
returns increase (decrease) as the market portfolio increases (decreases), but decrease as
the world market returns become more volatile. In addition, table 11 reports that the
significant estimates of a3 ; are all positive except one. This has the implication that the
emerging market returns increase (decrease) as the positive (negative) skewness of the market
portfolio becomes larger. However, the total number of significant estimates in the cubic
market model is less than that in the quadratic market model. The R? values also suggest
that there is not much gain from using the cubic market model.

The R? values are relatively small, when they are compared with other R? values in
the previous tables. The difference comes from the fact that the R? values in tables 5 to 9
are obtained from the cross-sectional calculation, while the R? values in tables 10 and 11
are obtained from the seemingly unrelated regressions model. The beta, co-skewness, and
co-kurtosis calculated from the GLS estimates of the DGP parameters (see the relationship
between systematic risk measures and « 4, ag ;, and «g ;) are not significantly different from
and 0,

the sample estimators, Bim, Yims
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5 CONCLUSION

This study proposes the four-moment CAPM that explicitly involves skewness and kurtosis
as additional risk measures. We use a multivariate approach and estimate the models with
GMM. like studies for mature markets such as Friend and Westerfield (1980), Sears and
Wei (1988), Homaifar and Graddy (1988), and Lim (1989), our study shows that there
is no significant relationship between expected return and risk (1), skewness («2), and
kurtosis (a3). However, we also find insignificant marginal rates of substitution between
risk and skewness (k1) and kurtosis (k3). This is due to the lack of normalised skewness and
normalised kurtosis in US returns.

Despite the poor estimates of the coeflicients and marginal rates of substitution, how-
ever, higher moment CAPMs seem to be preferred to the conventional mean-variance CAPM.
Some test statistics such as the adjusted R? and the LM statistics reported in this study
suggest that emerging markets are better explained with higher-moments CAPMs. Interest-
ingly, co-kurtosis has at least as much explanatory power as co-skewness. This is consistent
with the result in table 2 that the main source of nonnormality in emerging markets is
kurtosis rather than skewness.

Our initial approach explicitly imposes the condition that the market is efficient, 3,,,, =
Yo = Omm = 1 as in Sears and Wei (1985, 1988) and Lim (1989). When we use an
alternative approach using DGPs, we can condition on the market, as in Sharpe’s market
model. In addition, the high multicollinearity in sample co-moments seems to make it hard to
jointly estimate co-skewness and co-kurtosis. Therefore, we specified higher-moment DGPs
such as the quadratic market model as in Kraus and Litzenberger (1976) and Barone-Adesi
(1985). We showed that higher-moment DGPs are consistent with higher-moment CAPMs,
while reducing the collinearity in the parameters.

Adding a note of realism to our study, we acknowledge that we are applying a station-
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ary analysis to an evolutionary problem. Our reason for doing so is to assess the degree
of explanation possible using higher moment CAPMs with emerging markets data. Our
predictable conclusion is that whilst the use of higher moments seems to improve matters, it
cannot compensate for the fundamental non-stationarity of emerging market returns. The
non-normality of emerging market returns is not enough in itself to build models that fail
to take account of the evolutionary nature of emerging markets. Nevertheless, we do not
regard the construction of these models as having no practical relevance. In Hwang and
Satchell (1998) we have used models similar to the ones in this paper to assess risk adjusted
performance of emerging market funds. We found there that outperformance in emerging

markets is eliminated once risk adjustment for higher moments is carried out.

END NOTES

1. Scott and Horvath (1980) use the extra condition called strict consistency in preference
direction, see A3, p916, Scott and Horvath, 1980. This is a strong condition. More generally,
Kraus and Litzenberger (1983) show that in a Pareto efficient allocation, the fourth derivative
of the aggregated utility function of the representative agent does not exhibit a negative or
positive sign, even if all the individuals have utility functions that have fourth derivatives
with the same sign.

2. Strict consistency in preference will imply that %ﬂ)ﬂ > 0, see Scott and Horvath,
1980, theorem 1. For the approximation given by (14), we only require that U (E(w)) > 0.
3. The estimators obtained using this method are asymptotically the same as the unmodified

estimators, see Lim (1989).
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APPENDIX

Appendix 1
Since the initial investment is set to 1, the moments of end of period wealth are equivalent
to those of the rate of return on the portfolio. That is, o(w) = o(rp), v(w) = v(rp) and

6(w) = 6(r,). The equation, Zf;l x;3;, = 1, can be shown as

NN Blni— B Hry — Byl
Zi:l Zﬂlp Zi:l ? E[{’f’p—E(T’p)}z] (A].l)

B wiri = 28, @ B(r) Hrp = E(rp)}]
E[{Tp - E(Tp)}Q}

using Zil x;r; = rp—xory and Zil x;E(r;) = E(rp)—xors. Therefore, o(w) = Zil xiﬁiprr(rp).
With the same method, Zf;l zi7;, = 1 and Zi\il z;0;p = 1 can be easily shown and the

results follow.

Appendix 2

A Lagrangian for the given maximization problem is
N
L=EU(w)] - Mxo+ Y~ @i—1) (A2.1)

The first derivatives of the Lagrangrian with respect to x¢ and z; are

C%L = %(1+Tﬂ—)\=0 (A2.2)
- B me) + B8 0, (42,3
IE[U(w)] IE[U(w)]
W’Y@’Y(Tp) + W&p@(rp) —A
=0

. OFE(w do(w Ov(w O00(w
using 22 = 1 4 B(ry), 2 = 5, 0(ry), B = 4, y(rp), and B = 0,60(r,).

Rearranging the equations (A2.2) and (A2.3), we obtain the following equation.

OFE[U(w OEU (w OE[U(w
do(w Ov(w 00(w

E(ri) =75 = gm0 (rs) — St ViV () — ity bunf(rs) (A2.4)
OE(w) OE(w) OE(w)
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In addition, since the expected utility curve of the investor is constant at the maximum,
the changes in expected return and variance are zero for the given skewness and kurtosis.
Using this property, the total differential of E[U(w)] is set to zero, and we obtain the

following equations.

dEU(w)] = %‘[EL(E:;)]dE(w) + %dn(u}) =0 (A2.5)
dE[U(w)] = %(g‘)’)]dmw) + 8?%‘;’)] dy(w) =0 (A2.6)
dE[U (w)] = %(g‘)’)]dmw) + 8]‘;[9%3")%9(10) =0 (A2.7)

When these three equations are used for the marginal rate of substitutions in equation

(A2.4), the results follow.

Appendix 3
For the logarithmic utility function, a Taylor approximation of the investor’s expected

utility of end of period wealth yields

E[U(w)] = log(E(w)) + - (A3.1)

Therefore,

OEU(w)] 1 o(w)*  y(w)®  O(w)*

9Ew) B  E@@ E@)?  E@p (A32)
OEU(w)] _ o(w)

do(w) N E(w)? (A33)
IEU(w)] _ ~(w)?

0w By (As4)
EU(w)] 6w

00(w) N E(w)* (A35)

When these equations are put into equation (A2.4), we obtain the following equation.

o(w w)? 0(w)?
EJ(J)%ﬁip”(rp) - %(E)%Wipr}/(rp) + %@%9,@9(7},)
1 o(w)? _ y(w)? O(w)*

B(w) T Ew)®  Bw)" T E(w)’

E(r) —ry = (A3.6)
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Under the TFMS assumption used in this study, the above equation is

E(1+ rm)gﬂ(TM)zﬂim —E(1+ Tm)27(TM)37im +E(1+ Tm)a(TM)407im
E+rn)t+ E(1471m)?0(rm)? = E(1 + rm)y(rm)3 + 6(rm)*

E(r))—rs = (A3.7)

since w = wp(1 + rp,) and thus, o(w) = weo(ry,), Y(w) = wey(ry), and O(w) = web(r.,).
For the market portfolio, equation (A3.7) is

B +7r0)%0(rm)? — E(L470)2(rm)? + E(1 4+ 7,)0(rp)*
Elrm) =11 = BA ) ¥ BQ 1m0 = BA T rm ) rm) 4 0t A58

Dividing equation (A3.7) by (A3.8), the following equation is obtained.

EQ+7rm)?0(rm)*Bim — EQ 4 1m) Y(rm)* Vi + 0(rim) *Oim

E(r)—r; = E(r,,)— A3.9
(Tz) Ty E(l T ’I“m)zU(Tm)z — E(]. T Tm)'Y(Tm)3 + Q(Tm)4 ( (T’ ) Tf)( )
. E(l147r,, 2e T, 2 E(147r,, T 3
By defining L1 = et i e o L2 = ~ Bt B e
and L3 = yoie) +Tm)2a(rm)2_0&?_’)_;1)%7“"1)3 T Ve obtain the following four-moment CAPM

for the investor who has log-utility function.

E(ri) —ry = (L1Bs + LoYim + L3Oim ) (E(rm) — 75) (A3.10)

34



REFERENCES

Arditti, F. D., 'Risk and the Required Return on Equity’, Journal of Finance, 22 (1967),
19-36.

Bekaert,G., ’Exchange Rate Volatility and Deviations from Unbiasedness in a Cash-in-
advance Model’, Journal of International Economics, 36 (1994), 29-52.

Bekaert, G. and C. R. Harvey, "Time-Varying World Market Integration’, Journal of Finance,
50 (1995), 403-444.

Bekaert, G. and C. R. Harvey, ’Emerging Equity Market Volatility’, Journal of Financial
Economics, 43 (1997), 29-77.

Bekaert, G., C. B. Erb, C. R. Harvey, and T. E. Viskanta, "What Matters for Emerging
Equity Market Investments’, Emerging Markets Quarterly, September (1997), 17-46.
Bekaert, G., C. B. Erb, C. R. Harvey, and T. E. Viskanta, ’Distributional Characteristics of
Emerging Market Returns and Asset Allocation’, Journal of Portfolio Management, Winter
(1998), 102-116.

Bekaert, G. and M. S. Uris, 'Diversification, Integration and Emerging Market Closed-End
Funds, Journal of Finance, 51 (1996), 835-869.

Burnside, C., '"Hansen-Jagannathan Bounds as Classical Tests of Asset-Pricing Models, Jour-
nal of Business and Economic Statistics, 12 (1994), 57-79

Fama, E., ’Multiperiod Consumption-Investment Decisions’, American FEconomic Review,
60 (1970), 163-174.

Ferson, W. E. and S. R. Foerster, 'Finite Sample Properties of the Generalized Method of
Moments in Tests of Conditional Asset Pricing Models, Journal of Financial Economics, 36
(1994), 29-55.

Friend, I. and R. Westfield, ’"Co-Skewness and Capital Asset Pricing’, Journal of Finance,

35 (1980), 897-919.

35



Barone-Adesi, G., "Arbitrage Equilibrium with Skewed Asset Returns’, Journal of Financial
and Quantitative Analysis, 20 (1985), 299-313.

Hansen, L. P., "Large Sample Properties of Generalized Method of Moments Estimators’,
Econometrica, 50 (1982), 1029-54.

Heaton, J., ’An Empirical Investigation of Asset Pricing with Temporally Dependent Pref-
erence Specifications’; Econometrica, 63 (1995), 681-717.

Homaifar, G. and D. B. Graddy, "Equity Yields in Models Considering Higher Moments of
the Return Distribution’, Applied Economics, 20 (1988), 325-334.

Hwang, S. and S. E. Satchell, "Evaluation of Mutual Fund Performance in Emerging Mar-
kets’, Emerging Markets Quarterly, 2 (1998), 39-50.

Hwang, S. and S. E. Satchell, ’Empirical Identification of Common Factors in Emerging
Markets Returns’, Unpublished manuscript, Department of Applied Economics, Cambridge
University, 1998.

Ingersoll, J., ’Multidimensional Security Pricing’, Journal of Financial and Quantitative
Analysis, 10 (1975), 785-T98.

Jean, W. H., 'The Extension of Portfolio Analysis to Three or More Parameters’, Journal
of Financial and Quantitative Analysis, 6 (1971), 505-515.

Jean, W. H., "More on Multidimensional Portfolio Analysis’, Journal of Financial and Quan-
titative Analysis, 8 (1973), 475-490.

Kraus, A. and R. H. Litzenberger, "Market Equilibrium in a Multiperiod State Preference
Model with Logarithmic Utility’, Journal of Finance, 30 (1975), 1213-1227.

Kraus, A. and R. H. Litzenberger, ’Skewness Preference and the Valuation of Risk Assets’,
Journal of Finance, 31 (1976), 1085-1100.

Kraus, A. and R. H. Litzenberger, ’On the Distributional Conditions for a Consumption-

oriented Three Moment CAPM’, Journal of Finance, 38 (1983), 1381-1391.

36



Lim, K., ’A New Test of the Three-Moment Capital Asset Pricing Model’, Journal of Fi-
nancial and Quantitative Analysis, 24 (1989), 205-216.

Masters, S., "The Problem with Emerging-Markets Indexes’, Journal of Portfolio Manage-
ment, Winter (1998), 93-100.

Newey, W. and K. West, ’A Simple, Positive Semi-Definite, Heteroskedasticity and Auto-
correlation Consistent Covariance Matrix, Econometrica, 55 (1987), 703-708.

Scott, R. C. and P. A. Horvath, ’On the Direction of Preference for Moments of Higher
Order Than the Variance’, Journal of Finance, 35 (1980), 915-919.

Sears, R. S. and K. C. J. Wei, "Asset Pricing, Higher Moments, and the Market Risk Pre-
mium: A Note’, Journal of Finance, 40 (1985), 1251-1253.

Sears, R. S. and K. C. J. Wei, 'The Structure of Skewness Preferences in Asset Pricing

Models with Higher Moments: An Empirical Test’, Financial Review, 23 (1988), 25-38.

37



Table 1 Various Versions of the CAPM

Names Models Equations Subsections and Tables
Model I Mean-variance CAPM Equation (37) [subsection 2.2.1 and table 5
Model II Kraus-Litzenberger Three-moment CAPM Equation (38) |subsection 2.2.2 and table 6

Model III Kraus-Litzenberger Four-moment CAPM Equation (11) [subsection 2.2.4 and table 8
Model IV Kraus-Litzenberger 2nd and 4th moment CAPM Equation (40) |subsection 2.2.5 and table 9
Model V Sears-Wei Three-moment CAPM Equation (39) |subsection 2.2.3 and table 7
Model VI Sears-Wei Four-moment CAPM Equation (13) |*

Model VII Sears-Wei Four-moment CAPM with Log-utility Equation (19) [*

Notes : * does not report results for these models because of convergence problem.




Table 2 Statistical Properties of Emerging Markets Returns

A. The First Four Moments of Emerging Markets Monthly Returns - 87 Market Crash Included

Mean Standard Normalised Normalised Jarque-Bera (X2(2))
Deviation Skewness Excess Kurtosis

3 Month Treasury Bill 0.4836 0.1391 -0.0582 -0.8356 430
Market Portfolio 0.7389 41172 -0.8400 341457 87.49 "
Greece 1.0433 10.6924 0.8131 3.6292 9555 "
Argentina 1.7178 22.1976 03413 ° 7.9997 * 389.45
Brazil 0.7965 18.6065 05772 " 27326 53.16

Chile 23414 7.5944 -0.0525 -0.0902 0.12
Mexico 1.6373 14.1496 251797 13.6087 1272.11 7

India 04136 93931 0.2482 0.5015 3.01

Korea 0.5534 8.0101 0.3289 -0.0088 2.61
Thailand 1.0643 8.9447 -0.8012 " 35682 " 9243 "
Zimbabwe 1.7897 8.7361 0.1766 22272 3072
Jordan 0.0796 46921 0.1068 1.1560 ~ 835"
Colombia 1.9170 8.0836 1.1363 © 26627 7404 "
Venezuela 0.7336 14.1033 -1.3266 6.1726 27272
Taiwan 1.2000 13.5401 -0.1512 1.8391 2099
Malaysia 0.5891 75910 09332 35182 9583
Pakistan 0.5060 6.9609 0.7881 3.6939 7 97.45 "
Philippines 22517 9.7324 0.0456 26773 4336 "
Nigeria 0.0543 16.6513 -3.1868 252309 4091.56

B. The First Four Mom

ents of Emerging Markets Monthly Returns - 87 Market Crash Excluded

Mean Standard Normalised Normalised Jarque-Bera (X2(2))
Deviation Skewness Excess Kurtosis

3 Month Treasury Bill | 0.4840 0.1395 -0.0656 0.8461 443

Market Portfolio 0.8756 3.7873 -0.2021 07578 4.46
Greece 1.1423 10.6628 08144 7 3.6977 98.64
Argentina 1.9019 22.1637 03321 8.1215 - 401.17
Brazil 0.9575 18.5698 05973 28237 7 56.79

Chile 25070 73535 0.1149 -0.4768 1.69
Mexico 2.0338 13.3659 25457 159036 1684.69

India 04105 9.4259 0.2484 0.4778 2.87

Korea 0.5688 8.0359 0.3223 -0.0290 252
Thailand 1.3602 8.2334 -0.1618 1.0315 - 7.06"
Zimbabwe 1.7265 8.7334 0.1920 22689 3199 7
Jordan 0.0860 47079 0.1025 1.1291 - 796"
Colombia 1.9212 8.1117 11309 26222 7 7245 "
Venezuela 0.7072 14.1489 13176 6.1098 - 26749
Taiwan 15148 13.0440 0.0538 15970 7 1548 7

Malaysia 0.8487 6.9419 -0.2360 03158 1.95
Pakistan 0.5149 6.9843 07818 36476 95.16
Philippines 23412 9.7063 0.0348 2.7566 - 4594
Nigeria 0.0580 16.7093 31768 250455 4033.68

Notes: * denotes siginificance at 5% level and ** denotes siginificance at 1% level.
Morgan Stanley world index is used for the market portfolio. Deflated excess returns are used for the

market portfolio and emerging markets




Table 3 GMM Estimates of the Marginal Rates of Substitution

A. Three-moment CAPM

Estimates Normalised
Mean of Market Portfolio 0.8475
Sample Estimates |Standard Deviation of Market Portfolio 4.2001
Market Crash of October 1987 Included Skewness of Market Portfolio -4.8976 -1.5855
Kurtosis of Market Portfolio 7.7044 8.3215
GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k;) -0.1266 (1.4736)
Lagrange Multiplier Statistics - X2(22) 16.9016
Mean of Market Portfolio 1.0239
Sample Estimates |Standard Deviation of Market Portfolio 3.6406
Market Crash of October 1987 Excluded Skewness of Market Portfolio -2.2615 -0.2397
Kurtosis of Market Portfolio 5.0779 0.7849
GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k;) 0.1693 (0.2574)
Lagrange Multiplier Statistics - X2(22) 24.2233

Notes : The three-moment CAPM in equation (30) is used for the GMM estimate of k,. Chi-Square (22) statistics at 10% is 30.8.

Values in parenthesis are the standard errors of the estimates. Values in the 'normalised' column are sample etimated normalised skewness and normalised excess kurtosis.

B. Four-moment CAPM

Estimates

GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k;) -3.7964 (5.9402)

Market Crash of October 1987 Included Marginal Rate of Substitution Between Kurtosis and Risk (k,) -2.7887 (4.0337)
Lagrange Multiplier Statistics - X2(23) 20.1909

GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k;) -0.3047 (2.0027)

Market Crash of October 1987 Excluded Marginal Rate of Substitution Between Kurtosis and Risk (k) -1.6856 (7.3457)
Lagrange Multiplier Statistics - X2(23) 25.8026

Notes : The four-moment CAPM in equation (13) is used for the GMM estimates of k; and k,. Chi-Square (23) statistics at 10% is 32.0.




Table 4 Correlation Matrix between f;,,, Yim» and 6;,,

A. Market Crash of October 1987 Included

Bim Yim eim
Bim 1
Yin 0.6673 1
0., 0.8873  0.8826 1

A. Market Crash of October 1987 Excluded
Bim Yim Bim
Bim 1

Yim 0.2612 1

Oim 0.9386 03712 1




Table 5 GMM Estimates of Mean-variance CAPM

A.Market Crash of October 1987 Included

Countries Beta Lagrange Multiplier Test Adjusted
Chi-Square R -Square
Argentina -0.1661  (0.5596) 192529 0.0899
Latin Brazil 0.6249 (0.4223) (Degrees of Freedom: 6)
America Chile 0.4009 (0.1865) "
Mexico 13657  (0.3066)
Colombia 0.1485 (0.1481)
Venezuela -0.3096 (0.2746)
India -0.2277 (0.1776) 5.8164 0.2149
Korea 0.6023  (0.1558) . (Degrees of Freedom: 7)
Asia Thailand 0.8235 (0.2392)
Taiwan 0.8252 (0.3287) "
Malaysia 0.8107 (0.1910) =
Pakistan 0.0799  (0.1266)
Philippines 09535 (0.2261)
Greece 04482 (0.2126) : 5.9612 0.0464
Other Zimbabwe 0.1971 (0.1842) (Degrees of Freedom: 4)
Countries Jordan 0.1385 (0.1049)
Nigeria 0.3122 (0.3102)
B. Market Crash of October 1987 Excluded
Countries Beta Lagrange Multiplier Test Adjusted
Chi-Square R -Square
Argentina 04721 (0.6014) 233978 0.0591
Latin Brazil 0.5455 (0.4838) (Degrees of Freedom: 6)
America Chile 0.1895 (0.1647)
Mexico 0.8529 (0.2221)
Colombia 0.2254 (0.1711)
Venezuela -0.4059 (0.3150)
India -0.2345 (0.2036) 5.0968 0.2163
Korea 0.6753 (0.1574) . (Degrees of Freedom: 7)
Asia Thailand 0.7052  (0.1922) *
Taiwan 07349 (0.3318) °
Malaysia 0.6934 (0.1541) "
Pakistan 0.0970  (0.1475)
Philippines 10701  (0.2538)
Greece 04365 (0.2444) " 4.9969 0.0750
Other Zimbabwe 0.3149 (0.1907) : (Degrees of Freedom: 4)
Countries Jordan 0.1490 (0.1197)
Nigeria 0.3395 (0.3677)

Notes: ** denotes significance at 1% and * denotes significance at 5%.
Numbers in parentheses are standard errors. The CAPM estimated is

ER;)-ry =(E(R,)-r;) B,




Table 6 GMM Estimates of Kraus-Litzenberger Three-Moment CAPM

A. Market Crash of October 1987 Included

Countries Beta Co-skewness Kraus-Litzenberger (1976)  |Lagrange Multiplier Test Adjusted
oy o, Chi-Square R -Square
Argentina -0.3605 (0.5655) 43880 (1.5129) 0.6526 0.2851 140651 0.3089
Latin Brazil 0.4892 (0.4292) 3.2379 (1.2170) - (1.3011) (0.3292)| (Degrees of Freedom: 4)
America Chile 0.3032 (0.1974) 19471 (09131) "
Mexico 1.1198  (0.3616) 41734 (2.0827)°
Colombia 0.1571  (0.1512) 0.0408 (0.1745)
Venezuela 02132 (0.2752) -1.4043  (0.5494)
India -0.1986  (0.1722) -0.1989  (0.3136) 1.3524 -0.1615 4.9826 0.2558
Korea 05713  (0.1577) = 0.0161 (0.2633) (0.9992) (0.3805)| (Degrees of Freedom: 5)
Asia Thailand 0.8287 (0.2788) 2.6818 (2.4250)
Taiwan 0.8684  (0.3680) 29329 (2.6610)
Malaysia 0.8065 (0.2127) 2.1808 (2.0532)
Pakistan 0.0829 (0.1226) -0.0928  (0.1590)
Philippines 09897 (0.2244) " 1.6814 (1.2023)
Greece 04510 (0.2069) 0.6977 (0.7244) 4.8183 -1.9001 0.9416 0.7319
Other Zimbabwe 0.1390 (0.1861) -0.4539  (0.4749) (3.7150) (1.9751)| (Degrees of Freedom: 2)
Countries Jordan 0.1247  (0.0949) 0.2337 (0.2271)
Nigeria 0.0810 (0.2645) -0.1446  (0.2484)
B. Market Crash of October 1987 Excluded
Countries Beta Co-skewness Kraus-Litzenberger (1976)  |Lagrange Multiplier Test Adjusted
a; o, Chi-Square R-Square
Argentina -0.2776  (0.6024) 10.7892 (12.1322) 2.2005 0.1534 157981 0.3696
Latin Brazil 0.3154 (0.4508) 6.7817 (8.0795) (1.5568) (0.2531)| (Degrees of Freedom: 3)
America Chile 02973 (0.1630) " 14210 (1.8135)
Mexico 06910 (02371) 14938 (2.2841)
Colombia 03046 (0.1567) 0.1381 (1.2004)
Venezuela -0.1054  (0.2892) -5.3016  (6.5286)
India -0.2273  (0.2006) -0.1251 (1.1785) 1.0084 0.1327 2.8400 0.5609
Korea 0.6553  (0.1588) = -04719 (1.0729) (0.8485) (0.2458)| (Degrees of Freedom: 5)
Asia Thailand 0.6048 (0.2112) 43329 (5.3127)
Taiwan 0.5482 (0.3441) 5.1181 (6.4922)
Malaysia 0.6569  (0.1602) 29922 (3.7053)
Pakistan 0.0966 (0.1465) -0.3278  (0.6964)
Philippines 0.9045 (0.2766) 52197 (6.5957)
Greece 0.3322  (0.2205) -0.1184 (2.8129) 3.0577 0.0562 2.1532 04252
Other Zimbabwe 03521 (0.1787) 04599 (1.4982) (2.2279) (0.5678)| (Degrees of Freedom: 2)
Countries Jordan 0.0835 (0.1141) 0.9390 (2.2144)
Nigeria 0.2069 (0.3502) -1.1654  (2.4932)

Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors. The three-moment CAPM estimated is

ER;)-ry =a; B + az y;




A. Market Crash of October 1987 Included

Table 7 GMM Estimates of the Sears-Wei Three-Moment CAPM

Countries Beta Co-skewness Marginal Rate of |Lagrange Multiplier Test
Substitution, k; Chi-Square
Argentina 02352 (0.5592) 3.0413  (1.5962) -0.0762 183257
Latin Brazil 0.5810 (0.4223) 24827 (1.3035) : (Degrees of Freedom: 6)
America Chile 0.2997 (0.1848) 1.2873 (0.9725)
Mexico 12170  (0.2890) 2.6217 (2.2558)
Colombia 0.0838 (0.1491) -0.0162 (0.2215)
Venezuela -0.3093 (0.2731) -1.1109  (0.6244) °
India -0.2113  (0.1528) 0.3623 (27.1801) -0.0762 33.2984
Korea 0.8426  (0.1231) = -1.4376 (33.1106) (Degrees of Freedom: 7)
Asia Thailand 03098 (0.1252) 3.0454 (35.9829)
Taiwan 0.3307 (0.2147) 3.6698 (49.8408)
Malaysia 03918  (0.1090) 1.9604 (29.3719)
Pakistan 0.1498 (0.1028) -0.6788 (21.5858)
Philippines 0.7566 (0.2057) 6.2330 (65.7401)
Greece 04248 (0.2122) 0.5103 (1.1966) -0.0762 59314
Other Zimbabwe 02131 (0.1836) -0.2746  (0.7604) (Degrees of Freedom: 4)
Countries Jordan 0.1317 (0.1048) 0.2565 (0.4019)
Nigeria 0.3066 (0.3075) -0.0837 (0.4896)
B. Market Crash of October 1987 Excluded
Countries Beta Co-skewness Marginal Rate of |Lagrange Multiplier Test
Substitution, k; Chi-Square
Argentina 03179 (0.5586) 1.5638  (6.9722) 0.1552 29.8616
Latin Brazil 0.5087 (0.4986) 1.9612 (6.7243) (Degrees of Freedom: 6)
America Chile 0.5029 (0.1678) 02635 (1.7795)
Mexico 0.8861 (0.2266) 0.5793 (2.8248)
Colombia 0.2329 (0.1763) -0.3747 (2.0441)
Venezuela -0.2515 (0.3578) -1.3355 (5.4844)
India -0.1348  (0.2219) 0.2302 (32.0763) 0.1552 18.0976
Korea 0.7458 (0.1637) = -0.4047 (27.9801) (Degrees of Freedom: 7)
Asia Thailand 03980 (0.1683) -0.0483 (35.4312)
Taiwan 0.3008 (0.2826) -0.9132 (52.8443)
Malaysia 04484  (0.1484) 0.6586 (23.5707)
Pakistan 0.1579 (0.1625) -0.5712 (26.2289)
Philippines 0.6525 (02120) -0.9978 (58.3052)
Greece 0.4449  (0.2366) -0.0250 (2.3713) 0.1552 5.9529
Other Zimbabwe 0.2901 (0.1900) 04824 (1.2224) (Degrees of Freedom: 4)
Countries Jordan 0.1367 (0.1213) 0.8921 (1.8387)
Nigeria 0.3127 (0.3695) -1.2667 (2.1351)

Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors.
The three-moment CAPM estimated is

o(R,)

ky(R,)

E(R)-r, =(

o(R,)+ky(R,)"

O(R,)+ky(R,)

Y NE(R,)=r1;)




A.Market Crash of October 1987 Included

Table 8 GMM Estimates of Kraus-Litzenberger Four-Moment CAPM

Countries Beta Co-skewness Co-kurtosis Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted
a; a, as; Chi-Square R -Square
Argentina | -0.2735 (0.5445) 24148 (1.9374) 03097  (0.6350) -6.8755 | -09120| 6.1857 40432 0.8680
Latin Brazil 03982  (0.3912) 22398 (1.6816) 08111 (03510)° | (3.8163)| (1.0850)| (2.9170)| (Degrees of Freedom: 3)
America Chile 0.1105 (0.1661) 0.8044  (1.0366) 0.5503  (0.3220)
Mexico 10021  (0.2962) 14360 (2.2327) 17245 (0.6178)
Colombia | -0.0212 (0.1537) 100325 (0.3551) 0.1882 (0.1326)
Venezuela | -0.2681 (0.2604) -0.9959  (0.9525) -0.3833  (0.2704)
India 02122 (0.1747) -0.0521 (0.2335) -0.1913  (0.1187) 6.2822| 3.9333] -9.1157 0.9240 0.7403
Korea 0.6037 (0.1514) 20.0255  (0.2409) 03438 (0.1221) | (7.0614)| (6.0249)| (12.3959)| (Degrees of Freedom: 4)
Asia Thailand 0.8216 (02777) 27040 (2.3255) 1.6346  (0.4367)
Taiwan 0.8749 (0.3594) 29871 (2.5386) 17828 (04721)
Malaysia 08391 (02161) 22161 (1.9793) 14644  (0.3629)
Pakistan 0.1055 (0.1116) 20.0292  (0.1367) 0.0332  (0.0456)
Philippines | 0.8401 (0.2273) 1.4389  (1.0576) 09744 (0.2433) "
Greece 04672  (0.2131) 0.5608 (0.8149) 0.7609  (0.1299) 58229 -0.7827| -1.9953 0.8560 0.7343
Other Zimbabwe | 0.1448 (0.1868) 103589  (0.5195) 02637 (0.1623) (4.1364)| (4.0986)| (4.6666)| (Degrees of Freedom: 1)
Countries Jordan 0.1057  (0.1023) 02110 (0.2537) 0.1265 (0.0928)
Nigeria 0.1033  (0.2904) -0.1922  (0.3040) 0.1556  (0.1296)
B. Market Crash of October 1987 Excluded
Countries Beta Co-skewness Co-kurtosis Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted
a; a, as; Chi-Square R -Square
Argentina | -0.2555  (0.6016) 10.4321 (10.5650) 02615 (0.7698) 2.8003| 0.1568] -0.4775 15.7894 03712
Latin Brazil 03209 (0.4523) 6.9989 (7.5721) 0.5785 (0.5610) (3.1288)| (0.2529)| (2.4001)| (Degrees of Freedom: 3)
America Chile 02974 (0.1629) ~ 14744  (1.7013) 0.2433  (0.1706)
Mexico 0.6860 (0.2319) 1.6703 (2.2681) 07722  (0.2069)
Colombia 03247 (0.1765) 02655 (1.2198) 0.5857 (0.1585)
Venezuela | -0.1280 (0.3188) -5.5679  (6.2577) -0.6739  (0.4655)
India 02651 (0.2151) -0.9959  (1.7098) 03551 (0.1980) -2.8462| -0.2449| 3.7297 2.1662 0.7352
Korea 0.6339 (0.1614) 105464  (1.1604) 05723 (0.1661) | (3.7133)| (0.4895)| (3.5975)| (Degrees of Freedom: 4)
Asia Thailand 05170 (02172) 46942 (5.8607) 09967 (0.3814)
Taiwan 0.5873  (0.3620) 46307 (6.3161) 1.1686  (0.5624) "
Malaysia 0.6254 (0.1580) 35637 (4.3531) 09215 (0.2216)
Pakistan 0.0303  (0.1525) 109247  (1.1897) 200222 (0.0900)
Philippines | 0.8676 (0.2804) 46934  (6.3668) 15131 (0.4887)
Greece 04214 (0.2446) -0.0998  (2.1106) 0.8279 (0.2674) 7.3458] -0.1767| -2.6033 0.4189 0.8257
Other Zimbabwe 0.2470 (0.1885) 0.5034  (1.1200) 0.0182 (0.1619) (5.7803) (0.7813) (3.0823)( (Degrees of Freedom: 1)
Countries Jordan 0.1375  (0.1269) 0.9783  (1.7754) 02699 (0.2024)
Nigeria 0.0990  (0.2789) -1.2669  (1.9591) 02834 (0.2153)

Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors. The four-moment CAPM estimated is

ER;)-ry =a; B;i + a y; + a3 0,




Table 9 GMM Estimates of Kraus-Litzenberger Second- and Fourth-Moment CAPM

A.Market Crash of October 1987 Included

Countries Beta Co-kurtosis Kraus-Litzenberger (1976)  |Lagrange Multiplier Test Adjusted
a; as Chi-Square R-Square
Argentina 0.1266  (0.4831) 03770 (0.6129) -5.3487 42478 6.1082 0.8593
Latin Brazil 0.5943  (0.3460) " 09074 (0.3443) " (2.9863) (2.2005)| (Degrees of Freedom: 4)
America Chile 0.1127  (0.1569) 0.5460 (0.2926)
Mexico 0.9465 (0.2635) 1.6870  (0.5457)
Colombia 00414  (0.1523) 0.1997 (0.1251)
Venezuela 03756  (0.2658) 04609 (0.2736)
India -0.1948  (0.1705) 02247 (0.1361) 1.6804 04713 45508 0.2538
Korea 05705 (0.1561) 03602 (0.1384) (1.3350) (0.8838)| (Degrees of Freedom: 5)
Asia Thailand 0.8473 (0.2768) 1.6423 (0.4618)
Taiwan 0.8874 (0.3676) 1.8050 (0.4953)
Malaysia 08184 (0.2152) 14395 (0.3957)
Pakistan 0.0874  (0.1209) 0.0281 (0.0494)
Philippines 0.9869 (0.2249) " 1.1077 (0.2836)
Greece 04739  (0.2130) 0.7564 (0.1304) 5.8727 -2.7068 0.9239 0.6650
Other Zimbabwe 0.1568  (0.1839) 102581  (0.1643) (3.7425) (2.2894)| (Degrees of Freedom: 2)
Countries Jordan 0.0966 (0.0839) 0.1209 (0.0868)
Nigeria 0.1321 (0.2516) 0.1599 (0.1281)
B. Market Crash of October 1987 Excluded
Countries Beta Co-kurtosis Kraus-Litzenberger (1976)  |Lagrange Multiplier Test Adjusted
a; as Chi-Square R-Square
Argentina 0.1666  (0.4949) 02133  (0.7550) 1.7905 0.4485 16.6484 0.1577
Latin Brazil 05162 (04163) 0.7534  (0.5199) (2.8412) (1.8993)| (Degrees of Freedom: 4)
America Chile 03528 (0.1619) " 03237 (0.1736)
Mexico 0.7016 (0.2279) 0.8043  (0.2082)
Colombia 02918 (0.1760) " 06116 (0.1610)
Venezuela 02442 (0.3084) -0.8147 (0.4456) "
India 102515  (0.2085) 03811 (0.1980) -1.1257 1.7968 2.9034 0.6427
Korea 0.6272  (0.1547) 0.5860 (0.1692) (2.22127) (1.7209)| (Degrees of Freedom: 5)
Asia Thailand 05644 (0.2134) 1.0384 (0.3858)
Taiwan 0.5603  (0.3545) 1.1592  (0.5767)
Malaysia 0.6575 (0.1553) 09467 (02227)
Pakistan 0.0634  (0.1543) 20.0103  (0.0918)
Philippines 08921 (0.2762) " 15166 (0.4910)
Greece 04298 (0.2383) 0.8158 (0.2673) 6.8025 -2.4800 0.5460 0.7676
Other Zimbabwe 0.2545 (0.1885) 0.0290 (0.1611) (4.9611) (2.8957)| (Degrees of Freedom: 2)
Countries Jordan 0.1184 (0.1089) 02471 (0.1943)
Nigeria 0.1370  (0.2486) 03049  (0.2023)

Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors. The three-moment CAPM estimated is

ER;)-rp = a; Bi + a3 0;




Table 10 GLS Estimates Based on Quadratic Market DGP

A. Market Crash of October 1987 Included

Countries Oy, STD oy STD Oy STD
Greece 0.8756| 1.0062 0.4070| 02289 " | -0.0079] 0.0243
Argentina 44622 2.0655° | -0.5873| 0.4698 0.1372|  0.0499 *

Brazil 1.8761| 1.7309 0.4292| 0.3937 -0.0830| 0.0419 "
Chile 29395 0.6984 | 0.1738| 0.1589 -0.0432| 00169 "
Mexico 23858| 1.2652° | 0.7375| 02878 | -0.0768| 0.0306
India 0.6787| 0.8924 -0.2418( 0.2030 -0.0051| 0.0216
Korea -0.4141| 0.7225 0.6848| 0.1643 | 0.0274] 00175
Thailand 2.1843| 0.7407 7| 0.4689 0.1685 7| -00871] 0.0179 "
Zimbabwe 1.3116] 0.8298 0.1954| 0.1887 0.0198| 0.0201
Jordan 0.0273| 0.4447 0.1274| 0.1012 -0.0025| 0.0108
Colombia 1.6706] 0.7696 ~ | 0.1602| 0.1750 0.0076] 0.0186
Venezuela 0.2366| 13374 -0.1325 03042 0.0353| 0.0323
Taiwan 23212 120627 | 05610] 027447 | -00912| 0.0292 "
Malaysia 12512 06091 " | 05949 0.1386 | -0.0654| 00147 "
Pakistan 0.3395| 0.6639 0.0800| 0.1510 0.0064| 00161
Philippines 2.1227| 08707 7| 0.7180 0.1980 7| -0.0239| 0.0211
Nigeria 04712 1.5865 0.2663| 0.3609 00195 0.0384
R° 0.0732]
B. Market Crash of October 1987 Excluded
Countries Oy, STD oy STD Oy STD
Greece 0.6960| 1.0663 0.3845 0.2350 0.0077] 0.0380
Argentina 5.1883| 2.1833 7| -0.5468| 0.4812 0.1971| 00777 "
Brazil 27666 1.8216 0.5044| 0.4015 -0.1580[ 0.0649 *
Chile 27069 0.7381 7| 0.1349] 0.1627 -0.0223[ 0.0263
Mexico 1.6316| 13266 0.6300| 02924 * | -00105| 0.0472
India 0.5478| 0.9459 -0.2580( 0.2085 0.0062| 0.0337
Korea -0.3603| 0.7662 0.6990| 0.1689 | 0.0223| 0.0273
Thailand 2.1431| 0.7855 | 04383 0.1731 7| -0.0819] 0.0280 "
Zimbabwe 1.6125| 08766 | 02351| 0.1932 -0.0064| 0.0312
Jordan 0.1652| 0.4704 0.1422| 0.1037 00143 00167
Colombia 1.6537| 0.8163 | 0.1606| 0.1799 0.0089| 0.0291
Venezuela -0.4197| 1.4083 -0.1956| 0.3104 00911 0.0501 "
Taiwan 23138 12795 | 0.5330] 02820 | -0.0889| 0.0456°
Malaysia 1.1875| 06458 " | 0.5682| 0.1423 | -0.0587| 0.0230 "
Pakistan 0.2249| 0.7036 0.0690| 0.1551 00161 0.0251
Philippines 26773 09121 7| 0.7731] 02010 7| -00711] 00325
Nigeria -0.6133| 1.6825 0.2562| 0.3708 0.0314| 0.0599
R° 0.0565|
Notes: ** denotes significance at 1% and * denotes significance at 5%.
The quadratic market DGP estimated is
Ry -rp =g+ ay (R -rp) + o (R, -ER,)° + ¢,




A. Market Crash of October 1987 Included

Table 11 GLS Estimates Based on Cubic Market DGP

Countries Oy, STD oy STD y; STD a3, STD
Greece 04772 1.0249 0.1095| 0.2884 0.0442|  0.0395 0.0045| 0.0027 "
Argentina 52017| 2.1075 7| -0.0352| 0.5931 -0.2340| 00811 7| -0.0084[ 0.0056
Brazil 24631| 1.7675 0.8676| 0.4975 " | -0.1598| 0.0681 | -0.0066| 0.0047
Chile 2.8332| 071727 | 0.0944| 02018 -0.0293| 0.0276 0.0012| 0.0019
Mexico 1.8950| 1.2892 03711 03628 00126 0.0496 0.0056 0.0034
India 0.6731| 09176 -0.2460| 0.2583 -0.0044| 0.0353 0.0001| 0.0024
Korea -0.3786| 0.7429 0.7113| 02091 | 0.0228| 0.0286 -0.0004| 0.0020
Thailand 1.9739] 0.7579 7| 03118| 0.2133 -0.0596| 002927 | 0.0024] 0.0020
Zimbabwe 16516 08446 | 04492 02377 7| -0.0246] 0.0325 -0.0039[ 0.0022 "
Jordan 0.0526| 0.4572 0.1463| 0.1287 -0.0058| 0.0176 -0.0003| 0.0012
Colombia 14588 07878 © | 0.0021| 02217 0.0353| 0.0303 0.0024| 0.0021
Venezuela -0.0436| 13716 -0.3417| 03860 0.0720| 0.0528 0.0032| 0.0036
Taiwan 20629 12370 | 03682 0.3481 -0.0574| 0.0476 0.0029| 0.0033
Malaysia 1.1021| 0.6241° 04836 0.1757 | -0.0459] 00240 | 0.0017[ 0.0016
Pakistan 0.2952| 0.6825 0.0469| 0.1921 00122 0.0263 0.0005| 0.0018
Philippines 2.1892| 0.8950 7| 0.7677| 02519 7| -0.0325| 0.0345 -0.0008| 0.0024
Nigeria -0.6575| 1.6301 0.1273| 0.4588 0.0439| 0.0628 0.0021| 0.0043
R’ 0.0807|
B. Market Crash of October 1987 Excluded
Countries Oy, STD oy STD y; STD a3, STD
Greece 0.9391| 1.0482 -0.3218| 0.3640 0.0446]  0.0400 0.0140[ 0.0056 =
Argentina 49295| 2.1802° | 0.2052| 0.7571 02364 00831 7| -00149[ 00116
Brazil 2.7323| 1.8292 0.6039| 0.6352 0.1632| 00698 “ | -0.0020| 0.0097
Chile 2.6681| 0.7404 7| 0.2477| 02571 -0.0282| 0.0282 -0.0022| 0.0039
Mexico 1.6378| 13323 0.6122| 0.4626 -0.0096| 0.0508 0.0004| 0.0071
India 0.4818| 0.9482 -0.0665| 0.3293 -0.0038| 0.0362 -0.0038| 0.0050
Korea -0.3585| 0.7695 0.6940| 02672 | 0.0225] 0.0293 0.0001| 0.0041
Thailand 22904| 0.7776 | 0.0104| 0.2700 -0.0596| 00297 | 00085 0.0041°
Zimbabwe 14856 08729 | 0.6036| 03031 | -00257| 0.0333 -0.0073| 0.0046
Jordan 02172| 0.4701 -0.0088| 0.1632 -0.0064| 0.0179 0.0030 0.0025
Colombia 1.8264| 08049 | -0.3412| 0.2795 0.0351| 0.0307 0.0099| 0.0043
Venezuela -0.5277| 14110 0.1182| 0.4900 00747 0.0538 -0.0062| 0.0075
Taiwan 25197 12715 | -0.0650| 0.4415 -0.0576| 0.0485 0.0118| 0.0068 *
Malaysia 12730| 06440 | 03199 0.2236 00458 00246 | 00049 0.0034
Pakistan 0.2021| 0.7063 0.1353| 0.2453 0.0127| 0.0269 -0.0013| 0.0038
Philippines 29147| 0.8906 | 0.0835| 0.3093 -0.0351| 0.0340 00136 00047
Nigeria -0.5281| 1.6881 0.0085| 0.5862 0.0443| 0.0644 0.0049( 0.0090
R’ 0.0727]

Notes: ** denotes significance at 1% and * denotes significance at 5%.
The cubic market DGP estimated is

Riyy-ry =agp; + a;; (R,,-ry) + ay; (Rm,t'E(Rm))z + O3, (Rm,t'E(Rm))3 + &
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