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Abstract

Using a utility based measure and under a conditional mean-variance
framework this paper analyzes the economic value of diversifying into
emerging market. Depending on risk tolerance characteristics, the value of
diversifying into emerging equity markets is estimated to be between 100
and 300 annual basis points, even after imposing realistic constrains that
investors face in these markets. Importantly, the methodology used in this
paper allows studying how changes in the national and international
environment affects this measure. The analysis indicate that while
emerging market crises seem to reduce these economic gains, when US
economy is in a recession, investing in emerging equity markets still help
improving the portfolio performance. At the same time, although in the
early nineties a capital market liberalization process took place, the gains
of investing in emerging equities remain economically significant, with a

growing trend from 2001 on.

" MA in Economics’ Thesis, University of La Plata. Director: Ricardo Bebczuk.



1 Introduction

It is widely known in the asset allocation literature that when investors diversify interna-
tionally, significant performance gains can be obtained. Although this literature has been
concentrated in developed markets (De Santis and Gerard (1997)), from last decay emerg-
ing equity markets has gotten a lot of attention between academia and practitioners. Most
papers study whether adding emerging markets to benchmark portfolios statistically shifts
the mean variance frontier, using both conditional and unconditional information (DeSantis
(1994), Harvey (1994, 1995), Bekaert and Urias (1996), De Roon et al (2001), Li et al (2003)).
Once we know that emerging markets statistically improve the investment opportunity set,
a natural question that investors seek to answer is whether this new opportunity has any
economic value. In other words, it is interesting to get some idea about the value of includ-
ing equities from emerging markets in an international diversified portfolio. In this paper I
address this issue, estimating the out-of-sample maximum fee that an investor is willing to
pay to switch from the ex-ante optimal portfolio of equities from developed economies, to the
ex-ante optimal portfolio including assets from both developed and developing countries'.
Importantly, I calculate the “ex-ante” certainty equivalent rate of return for the last two
decades in order to analyze the effect of the time-varying economic environment over this
measure of value across time.

Several authors analyze the roll of emerging equity markets in portfolio diversification
problems. Given the relatively low correlation between these equity markets and developed
ones, portfolio theory suggests that including holdings from these countries may improve the
portfolio performance. Taking this fact into account, DeSantis (1994) and Harvey (1995)
argue that US investors can benefit from including emerging markets asset in their portfolios
because emerging markets returns are not spanned by the developed ones. Similar findings
can be found in Bekaert and Urias (1996). They argue that using emerging equity market
indices, previous studies do not consider the high transaction costs, low liquidity and invest-

ment constraints associated with investment in emerging markets. Using closed-end country

'In this paper I will use emerging economies and developing economies as synonymous.



funds, that is, funds that are available to international investors, they also find a diversifica-
tion benefit when including emerging equity markets in an international diversified portfolio.
On the other hand, De Roon et al (2001) suggest that when short-selling constraints are
included in the analysis (characteristic of emerging equity markets), the evidence in favor of
including developing markets equity holding tends to disappear. Nevertheless, their statisti-
cal analysis implies that when emerging markets are considered individually, for some Latin
American or Asian indices, the mean-variance frontier is statistically shifted. Finally, using
a Bayesian inference approach, Li et al (2003) show that the diversification benefit remains
substantial after imposing short-sale constrains in these markets. In short, all these findings
suggest that emerging equity markets statistically improve the investment opportunity for
an investor that wants to invest abroad, but they leave unanswered the question of whether
this phenomenon has any quantitatively relevant economic value.

Little research has been done to study the value of adding emerging equities in an in-
ternational portfolio. Harvey (1994) and Bekaert and Urias (1996) analyze the economic
significance of their finding, but their economic measure is the Sharpe Ratio. The Sharpe
Ratio is the most common measure of portfolio performance in finance but it implications has
been questioned by Bernardo and Ledoit (2000) and Goetzmann et al (2002). Moreover, the
Market Sharpe Ratio does not depend on the risk aversion of the investor; a proper economic
measure should depend on investor’s risk tolerance. As will be shown in this work, the risk
aversion coefficient plays an important role in the analysis of the question addressed by this
paper. Although Li et al (2003) do not use the Sharpe Ratio, their economic measure does
not depend on the risk aversion coefficient. Moreover, they use unconditional information in
their analysis. In other words, not only do they omit the importance of investor’s tolerance
to risk in their paper, but also they neglect the time varying nature and predictability of
the mean, covariance matrix and higher order moments in the asset returns. To address this
issue, I use conditional information in my analysis. Finally, Li (2003) use a utility based
economic measure, but his study is unconditional, which produces misleading results, as it
is shown in this work.

In this paper, I examine not only the economic value of diversifying into emerging equity



markets using a utility based economic measure, which links the investor’s tolerance to risk
with his diversification decision, but also I use conditional information to forecast the relevant
moment of the asset distributions. At the same time, I estimate the diversification benefit
over time, which allows me to analyze how the “ex ante” value of international diversification
has changed over the last two decades.

The framework in this paper is very simple. The investor solves a sequence of myopic
single-period portfolio choice problems, that is, he is a mean-variance utility maximizer and
chooses the portfolio strategy for the upcomming month, given the available information set.
In other words, this ‘quadratic criterium’ investor will rebalance his portfolio each month
given the contemporaneous information set. The investor is able to invest in sixteen emerging
equity markets, four developed countries and in a risk free bond, given (the empirically
relevant) short-sale constraint and 20 % cap on emerging equity market holdings (see Harvey
1994). In order to estimate the dynamic trading strategy for the investor, I need to forecast
both the expected return of each equity market and the conditional covariance matrix. They
are estimated in the following way, to the Flexible Multivariate GARCH model proposed
by Ledoit et al (2003) I incorporate a mean equation for each country where the set of
instruments used to estimate the expected return are a combination of that generally used
in international asset pricing literature (see Harvey (1994), DeSantis (1994), Bekaert and
Harvey (1995), DeSantis and Gerard (1997)). With the estimation of the dynamic trading
strategy, I calculate the “ex-ante” certainty equivalent rate of return (at each point in time) as
the risk free rate that makes the investor indifferent between holding the optimal diversified
portfolio (that is, including both emerging and developed equity markets) and a portfolio of
only developed equity markets. The resultant time series allows me to examine the effects of
the US recession, emerging market crises and economic liberalization process on the estimated
economic value.

While Merton (1969) has shown that if the opportunity set changes over time, optimal
portfolio choice for multiple-period investors can be very different from the static problem,
there are numerous reasons that justify the use of this framework. One is tractability. Given

that I include twenty equity markets and one risk free bond, solving a myopic mean-variance



problem at each point in time is much simpler than solving an intertemporal dynamic pro-
gramming asset allocation problem for a non-logarithmic utility function. Another reason is
that the literature related to this paper works under this assuption. In order to compare my
results with the previous literature, a mean-variance framework seems appropriate. Finally,
as Brandt (2004, pag. 15) claims: “The myopic portfolio choice is an important special case
for practitioners and academic alike. There are, to my knowledge, few financial institutions
that implement multiperiod investment strategies involving hedging demands... A common
justification from practitioners is that the expected utility loss from errors that could creep
into the solution of a complicated dynamic optimization problem outweighs the expected
utility gain from investing optimally as opposed to myopically...”, or as Lee (2000, pag 21)
states: “in the investment industry Tactical Asset Allocation is essentially a single-period
or myopic strategy; it assumes that the decision maker has a (mean-variance) criterion de-
fined over the one-period rate of return on the portfolio”. In other words, the use of a
mean-variance framework is,arguably, relevant from a positive prospective.

The estimation performed in the paper indicates that, depending on risk tolerance char-
acteristics, the value of diversifying into emerging equity markets is estimated to be between
100 and 300 annual basis points, even under a twenty percent cap in emerging markets.
Importantly, the methodology used in this paper allows insight into how changes in na-
tional and international environment affects this measure. The analysis indicates that the
economic value of diversification is reduced by emerging markets crises. Moreover, when
the US economy is in a recession, investing in emerging equity markets still helps to im-
prove the portfolio performance. At the same time, although in the early nineties a capital
market liberalization process took place, the gains of investing in emerging equities remain
economically significant, with a growing trend from 2001 on.

The rest of the paper is organized as follows. Section 2 develops the methodology use in
this paper for measuring the economic value of including emerging equity markets holdings in
an international diversified portfolio. Section 3 describes the data use in the empirical analy-
sis. The estimated results are reported in Section 4. Finally, conclusions and implication for

further research are given in Section 5.



2 Methodology

2.1 Economic Model

The analysis in this paper is conducted from the US perspective, where the investor is able to
hold domestic equities, domestic bonds, and equities indices from different countries (three
additional developed economies equity indices and sixteen emerging equity markets, that
will be explained in detail in the following section).

The economic framework use in this paper is an investor who solves a sequence of my-
opic single-period portfolio choice problems. In general, the quadratic utility can be seen
as a second order approximation to the investor utility function, consequently, under this

approximation, the investor’s expected utility at period ¢ is given by:
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where R, ;1 represent the portfolio return. Following Fleming et al (2001), to facilitate

comparisons across portfolios, I assume that alV; is constant across time, that is, I assume

that investor relative risk aversion coefficient, v = (1fzvﬁ/t)> remain fixed. In other words, the
investor expected utility is given by:
f)/
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The investor solves the following optimization problem at each point in time:

max(2) st 0<w<1 and J'1=1 (3)

were w denote the vector of portfolio weights on the risky assets. Note that I am impos-
ing short sale constrains in the problem given the empirical relevance for the purpose of this
paper. In other words, at each point in time this myopic investor faces a different efficient
mean-variance frontier, which implies a different tangency portfolio. Then given his toler-
ance to risk, the investor will optimally decide the fraction invested in the risky (tangency)

portfolio and the risk free rate.



To estimate the economic value of diversifying into emerging equity markets, I solve
problem (3) for three different investment opportunity sets. First, I allow the investor to
choose only among developed countries equity indices and a risk free bond and I calculate the
expected utility at each point in time, E;[U(Rpey ++1)|Dev]; then I solve problem (3) assuming
that the investor not only is able to invest in developed markets and a risk free asset, but also
in emerging equity market. Finally in order to be more realistic, following Harvey (1994),
given institutional and legal restrictions face by institutional investors, problem (3) is solved
allowing the investor to invest in developed indices, risk free bond and emerging market
equities, but imposing a 20 % cap in the total holding of developing economies, then, calling
the expected utility at each point in time for this last case, Ei[(Rgas+1)| EM], the economic

measure is given by \; which is the solution of the following equation:

Et[U(REM,t+1 - )\t)’EM] = Et[U(RDev,t+1)’DeU]
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2(1+7)

A¢ is the “ex-ante” utility based economic measure, which represents the risk free rate
that makes the investor indifferent between holding the optimal diversified portfolio (that is,
including both emerging —with 20% cap— and developed equity markets) versus a portfolio
containing only developed equity markets and a risk free bond. Note that this measure
depends on the relative risk aversion coefficient. I report \; for v = 3 and v = 10. Finally,

standard errors are calculated using bootstrap method explain later in this articule.

2.2 Econometric Methodology

To be able to calculate the economic gain measure proposed in this paper, I need to esti-
mate the following inputs for the investor problem: the expected return and the conditional

variance-covariance matrix.



The mean equation used in this paper, is a combination of the ones typically used in the
international asset pricing literature (Harvey (1994), DeSantis (1994), Bekaert and Harvey
(1995), DeSantis and Gerard (1997)). In particular, the excess return, r;¢, of the national

equity index of country ¢ in US dollars is given by the following form:

rie = Zi 1B+ Ziabi + iy (5)

where Z! | and Z; ; represent local and global variables respectively, in the information set
of the investor. The matrix Z; ; contains a constant, the lagged world return, the lagged
default spread (defined as the yield difference between Moody’s BAA and AAA rate bonds),
the month to month change in the U.S. term premium (measure by the yield on the ten-year
U.S. Treasury note in excess of the one-month T-Bill rate), the lagged MSCI world dividend
yield and the lagged Eurodollar rate. On the other hand, the matrix Z! ;includes the lagged
local return, lagged country dividend yield and the change in the exchange rate between the
local currency and the US dollar.

The second input to be estimated is the conditional variance-covariance matrix. Presently,
it is known that GARCH models give reasonable result to estimate this matrix; of course,
the GARCH specification does not arise directly out of any economic theory, but as in the
traditional autoregressive moving average time series analogue, it provides a close and par-
simonious approximation to the form that heteroscedasticity is typically found in financial
time-series data.

I estimate the conditional variance-covariance matrix using the Flexible Multivariate
GARCH model proposed by Ledoit et al (2003). The reason for doing so is because this
methodology avoids imposing additional restrictions on the variance covariance matrix (e.g.
zero correlation, constant correlation or some other factor structure, see Bollerslev (1990),
Kroner and Sultan (1993), Ding and Engle (1994) and Engle (2002)), which has been the
common way to estimate this types of models. Moreover, when the investor increases the
number of asset in the estimation (for example to 20 as in this paper), it is much more
efficient (and possible) to implement than any other way to estimate multivariate GARCH

models. At the same time, Ledoit et al (2003) present evidence where their multivariate



GARCH model is better than usual ways to parameterize the covariance matrix?.
Given the residual of the proposed mean equation (5), the conditional variance/covariance

of each country equity return is given by:

E, [gi,t] =0

C'OUt—1[6i,t> 5j,t] = hi,j,t = Cij + Qi j€it—1Ejt—1 + bi,jhi,j,t—l (6)

were subscript ¢ — 1 denotes the conditional information set available at time ¢ —1 and ¢; is
the residual comming from equation (5) for country i (i = 1,..., V) at time ¢. The parameter
values satisty a; j, b;; >0 foralli,j=1,..,N;¢;; >0 foralli=1,...,N.

The coefficients of this diagonal-vech model are estimated in a two step methodology pro-
posed by Ledoit et al. (2003). In the first step, ¢; j,a;; and b; ; are separately estimated for
every (i, ), using one and two dimensional GARCH(1,1) model, that is estimated by quasi-
maximum likelihood estimation. Unfortunately, nothing guarantees that when bringing to-
gether the output of these separate estimations, a positive semi-definite variance-covariance
matrix will emerge. So, in the second step, using the numerical algorithm due to Shara-
pov (1997, Section 3.2), I transform the estimated C, A and B matrixes (C, A and B) to
positive semi-definite matrices forcing the diagonal parameters obtained in the univariate
GARCH(1,1) estimation to remain unchanged, (see appendix A for more detail).

Unfortunately, the simplicity and the efficiency of this methodology to estimate the condi-
tional variance-covariance matrix comes with the disadvantage that their methodology does
not gives straightforward standard errors of the parameters estimates. So, in this paper, I
follow the bootstrap method that they propose in order to calculate the corresponding stan-

dard error of the estimated coefficient (for details in the bootstrap method, see appendix

B).

2That is, using different criteria like forecast accuracy, persistence of standardized residuals, precision of
VaR and optimal portfolio selection, they found that Flex Multivariate GARCH performance better, than
other multivariate GARCH models.



3 Data and preliminary empirical analysis

The data used in this paper is time series data for the monthly dollar-dominated returns on
stock indices for United States, United Kingdom, Japan, Germany, Argentina, Brazil, Chile,
Colombia, India, Jordan, Korea, Malaysia, Mexico, Nigeria, Pakistan, Philippines, Taiwan,
Thailand, Venezuela and Zimbabwe.

The developed country data are from the Morgan Stanley Capital International (MSCI),
while the emerging market indices are from the International Finance Corporation of the
World Bank®. The risk-free rate used in the paper is the U.S. T-Bill closset 30 days to
maturity, as reported in the CRSP risky-free files. The sample period is from December
1984 to April 2003.

Table 1 presents the summary statistics for the U.S. dollar-dominates annualized returns
on the stock indices for the twenty countries used in this paper. Panel A in the table contains
the mean, standard deviation, the coefficient of autocorrelation of order one and the Ljung-
Box statistic of order 12. Panel B shows the unconditional correlation among the twenty
equity indices.

On average, the mean US dollar annual return for emerging equity markets is higher than
for the developed one. While all the developed annual returns are bellow 14%, 12 out of 16
historical annual returns for emerging economies are above 15%, achieving 38% in one case
(Argentina). Only India, Jordan, Malaysia and Thailand present annual returns similar to
those found in the MSCI data.

As is expected, higher historical returns in emerging market are present with higher
historical volatilities. The annual volatility ranges from 15% (Jordan) to 81% (Argentina).
With the exception of Jordan, all the emerging equity indices volatility exceeds the 25%. In
contrast, the volatilities for UK, Japan, Germany and US are bellow 25%.

Regarding the autocorrelation, panel A illustrates that four emerging markets (Chile,

Colombia, Mexico and Philippines) have considerable autocorrelation of order one (they

3Both the MSCI and the IFC data has been widely used in previous studies (Harvey (1994), DeSantis
(1994), Bekaert and Harvey (1995), DeSantis and Gerard (1997))
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range from 0.22 to 0.40). Moreover, three more countries in the IFC sample have auto-
correlations around 10 % (India, Malaysia and Thailand). Contrary, only Japan has autocor-
relation of order one of 9% and the remaining developed countries show smaller coefficients
than 0.05 in absolute value. Similarresults are found using the Ljung-Box statistic of order
12.

Panel B of Table 1 presents the unconditional correlation between the twenty countries
analyzed in this paper. Overall, the sample has low average cross-correlation (0.16) which
varies from -7% (correlation between Nigeria and Taiwan) to 64% between the US and UK.
Interestingly, the average correlation between US and emerging markets is less than half the
average between this economy and the developed ones (21% versus 49%). Finally, for the 11
negative unconditional correlations found in the sample, none of them are between developed
market indices.

On the whole, even though emerging markets equity indices present historical higher
volatility than the developed ones, the low correlations imply that including emerging mar-
kets equity holdings may improve the portfolio performance. Of course, this analysis is
unconditional and at most should be taken as argumentative, but gives some flavor about
the finding that this paper will show in subsequent sections.

Finally, before discussing the results of this paper, let me comment that the information
set use in this paper are the commonly used in the asset pricing literature (Harvey (1994),
DeSantis (1994), Bekaert and Harvey (1995), DeSantis and Gerard (1997)). Consequently I

omit any statistical description of these variables.

4 Results

In this section, I present the main results of the paper. At the beginning I spend some time
talking about the estimation of the main inputs for the investor problem, e.g.: expected
return and conditional variance. Then, I analyze the main aim of this paper: value of

diversifying into emerging equity markets.
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4.1 Predictability of the returns

Following Harvey (1994), Table 2 present the results of estimating equation (5) by OLS for
each of the countries using the entire sample. The table depicts the R? and two Wald tests
that help to understand whether local or both world and local variables are statistically
significant to explain the expected return of each country. That is, as long as equity markets
are affected for local (country) specific factors, correlations among country indices will be
low, then international portfolio diversification will, a priori, improve portfolio performance.

As can be seen from the table, for ten countries the linear model (equation (5)) exhibits
significance predictability. Notably, for all the developed countries, the model is significant.
On the other hand, for only five countries (Colombia, Korea, Malaysia, Mexico and Philip-

pines —all emerging economies-) local variables are statistically important to explain the

expected return.

Table 2

Mean equation estimations

OLS regression of the excess return of each country onto local and global information set of the investor. The
global variables are a constant, the lagged world return, the lagged default spread (defined as the yield
difference between Moody's BAA and AAA rate bonds), the month to mouth change in the U.S. term premium
(measure by the yield on the ten-year U.S. Treasury note in excess of the one-month T-Bill rate), the lagged
MSCI world dividend yield and the lagged Eurodollar rate. On the other hand, local ones includes the lagged
local return, lagged dividend country dividend yield and the change in the exchange rate between the local

currency and the US dollar.

Country Arg Bra Chi Col Ind Jor Kor Mal  Mex Nig

2
R 0.033 0035 0109 0249 0.034 0.028 0.133 0.047 0.101  0.027
Wald Test 0.898 0955 3225 8694 0920 0.768 4.010 1.304 2962 0.736
(excluding local + world) ~ (0.519) (0.472) (0.002) (0.000) (0.500) (0.632) (0.000) (0.243) (0.004) (0.660)
Wald Test 0.305 1290 1.800 14.295 0744 0.08 8.039 2519 3426 1.189
(exclusing local) (0.822) (0.279) (0.148) (0.000) (0.527) (0.966) (0.000) (0.059) (0.018) (0.315)
Country Pak Phi Tai Tha Ven Zim UK Jap Ger US

2
R 0.046 0.163 0.053 0.045 0.064 0.031 0.081 0.068 0.072  0.069
Wald Test 1267 5123 1482 1236 1799 0838 2314 1917 2048 2250
(excluding local + world) ~ (0.262) (0.000) (0.165) (0.280) (0.079) (0.570) (0.021) (0.059) (0.042) (0.032)
Wald Test 0.366 5657 1.850 1.423 0492 0441 1.339 1.031 1795 0.148
(exclusing local) (0.778) (0.001) (0.139) (0.237) (0.688) (0.724) (0.263) (0.380) (0.149) (0.863)

p-values are reported between brackets

Regarding the percentage of the sample variability explained by the model, for five coun-

13



tries (Chile, Colombia, Korea, Mexico and Philippines), the R? is higher than 10%. Note
that these five countries are emerging economies. For the rest of the sample the coefficient
of determination range from 3% to 8%.

It is important to mention, that even though Harvey (1994) used a different sample period
(and more countries), my results are similar. As in his paper, the main message of these
estimations is that emerging equity markets seems to be more predictable than developed
ones; consequently, exploiting these characteristics in the portfolio diversification problem
may lead to significant improvement in portfolio performance.

Finally, it is important to note, that the analysis of this section was performed using the
entire sample. In contrast, when estimating the “ex ante” expected gain of international
diversification, I run out-of-sample regressions to predict the expected return and omit the
"looking ahead bias" in my estimations. Unfortunately, this implies that for the former

out-of-sample estimations I am using less information than for the later ones.

4.2 Conditional Variance-Covariance Matrix

Given the methodology described in the previous section the only parameters that I need
to estimate are the elements of the matrices C, A and B, since the conditional variance-
covariance matrix has the following form: H; = C + A * (g;_16,-1) + B * H;_1,(where *
denotes the Hadamard product of two matrices). The estimation of these parameters and
their respectively bootstrapped standard errors using the whole sample, are reported in Table
3.

Most of the coefficients of A and B are significant, at the standard levels. Moreover,
all diagonal coefficients in these two matrixes are highly significant with the exception of
Korea and Nigeria for matrix A and Venezuela for matrix B. At the same time, some well
known, nevertheless interesting, results arise from this table. The estimations suggest that,
consistent with the GARCH literature, a;; + b;; are close to one for most of the cases. That

is, the conditional variance for the index return for each country is a very persistent process.

For example, for US and UK, a;; + b; are equal to 0.99 and 0.98, respectively. For emerging

14
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economies the results are similar (Brazil 0.98, Philippians 0.92). Nonetheless, in some
cases like India, the conditional variance is not as persistent as (a;; + b; = 0.49).

With this estimation in hand, get the conditional covariance matrix is trivial: H =
C+ Ax (er—1€4-1) + Bx F[t,l . As in the previous section, these estimations were performed
using the complete sample. When estimating the “ex-ante” economic gain of including
emerging equity market holding in an international diversified portfolio, rather than used
this estimates, I perform out-of-sample estimation of the conditional covariance matrix. The

same caveats for the estimation of the expected return apply here.

4.2.1 Specification Test

The econometric theory behind the estimation procedure suggested by Ledoit et al (2003)
and the one used in this paper relays in the assumption that the standardized residuals
e = H, 1 25,5, where H; in the true conditional covariance matrix at time ¢, should have
constant covariance matrix equal to the identity matrix and the cross-product €€, should be
uncorrelated over time. For this reason, if the empirical model used in this paper to analyze
the economics value of diversifying into emerging markets is correctly specified, I should
expect that the standardized residuals ¢ = F[tfl/ 26,5, are uncorrelated over time, where H, is
the estimated conditional covariance matrix.

The natural way to test this hypothesis is to use the Ljung-Box test. While this test
is suitable for univariate analysis, the Ljung-Box statistic has the following problem for
performing the specification test required in this paper, as Ledoit et al (2003) highlight.
First, this test is designed to analyze univariate series, not matrix time series. Even more
important, under the null hypothesis, the asymptotic distribution is X, only if the data is
i.i.d.. Especially if the data is dependent the x3 approximation may imply misleading results
(Romano and Thombs (1996)). To overcome this problem I use the statistic proposed by
Ledoit et al that only requires, under the null hypothesis, that the cross-products of the

residuals be uncorrelated, rather than i.i.d.. The “combined” statistic is the following:

18



LBeoms(k) = Y LBy(k) (7)

1<i<j<N
where LB;;(k) is the univariate Ljung-Box for the series {¢;:¢;;}. As they propose, the
p-value for this statistic is computed by the following sub-sampling method. Let denote
LBeombs(k) be the statistic based on the following data: {é,...,é 51} for t =1,..., 7 —
b— 1. So, calculating all the possible LBt p(k) for the sample, the sub-sample p-value is
given by*:

#{LBcomb,t,b(k) 2 LBcomb<l€)}

Flsuw = T—b+1 (®)

For this paper, the statistic and the p-value for k = 12 and b = 50 is: LBeomp(k) = 364.79
with p-value= 0.2201. That is, we do not reject the null hypothesis of no autocorrelation
(similar results were found using different k and b).

In short, this implies that the time series parsimonious model used to capture the dynamic

of the conditional variance-covariance model is correctly specified.

4.2.2 Conditional out-of-sample covariance

This subsection analyses the dynamic of the conditional correlation based on the estimation
of the Flexible Multivariate GARCH model. Special attention is placed on the conditional
covariance between the US and the rest of the countries in the sample.

Before commenting on the main characteristics of these conditional correlatione, let me
explain the observation used for the out-of-sample analysis. The out-of-sample exercise
begins on January 1990, so the first econometric estimation used only 59 observations. Of
course, when performing the subsequent estimations, the information that was used increased

with the periods.

4For details about sub-sampling test please see Ledoit et al (2003) and Politis, Romano and Wolf (1999,
chapter 3).
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Figure 1: Out-of-sample Conditional Covariance between US and other countries
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Figure 1 provides the conditional out-of-sample correlation between US returns and the
nineteen countries returns in the sample and the conditional US equity variance. This figure
illustrates that the conditional covariance between two countries (in this case US with the
remain of the sample) are clearly time varying. In this sense, using unconditional analysis as
some of the existing literature has used (Li et al (2003) and Li (2003)) would lead to incorrect
results. Moreover, this time-varying correlation among securities justifies the choice of the
Flex Multivariate GARCH rather than alternatives multivariate GARCH model that impose
ad-hoc restrictions in the correlation coefficients (as in Bollerslev (1990) or Ding and Engle
(1994) to mention only a few) .

The dynamics of the conditional out-of-sample correlation is very diverse. For example,
for the Germany-US case, the figure depicts an upward sloping. That is, while around
January 1990 the conditional covariance was approximate 0.10, at the end of the sample
period, it was close to 0.40. On the other hand, there are some cases where the conditional
correlation is close to zero during the entier sample period. For Venezuela, ignoring the
two peaks, the plot shows that the equity index of this country was basically conditonal
uncorrelated with the US index.

In any case, the schemes clearly show that the correlations are time-varying and therefore

considering these movements in the optimization problem would be essential.

4.3 Efficient frontier

As was explained in section 2.1, I consider three types or portfolio selection problems. First,
I allow the investor to choose only among developed countries equity indices and the risk
free bond. Then, I solve the same problem assuming that the investor not only is able to
invest in developed equity markets and a risk free bond, but also in emerging market indices.
Finally in order to be more realistic, the opportunity investment set is given by: the four
developed indices, risk free bond and the sixteen emerging market equities, but imposing a

20 % cap in the total holding of developing economies.
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The efficient frontiers calculated at each point in time, using the out-of-sample estima-
tions, are reported in Figure 2.

As can be seen from the figures, the efficient frontier has dramatically moved over time.
So, performing unconditional analysis when estimating the economics or statistical benefit

of diversifying into emerging markets would give falce implications.

Figure 2.A: Conditional Mean-Variance Efficient Frontier
(Developed Countries)
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Figure 2.B: Conditional Mean-Variance Efficient Frontier
(Developed and Emerging Countries)
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Figure 2.C: Conditional Mean-Variance Efficient Frontier
(Developed and EM with 20% cap)
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Comparing panels A and B, it can be seen that the efficient frontiers move northeast when
emerging markets assets are included in the investment opportunity set. By inspection, we
can say that these movements are significant, since most of the portfolios depicted in the
efficient frontier for developed market case have expected annual return less than 20% while,
if the investor incorporates emerging equity markets, more than half of the portfolios have
annual expected return that exceed 40%. At the same time, the standard deviation for each
of the portfolios is generally lower in panel B, compared to panel A.

This evidence persists when a 20% cap is introduced in the problem (panel C). That is, the
efficient frontiers move northeast, relative to panel A, but the movement is less dramatic than
in panel B. Contrasting panels B and C, the estimation implies that the realistic upper bound
constraint in investing in developing equity markets shifts the efficient frontier considerably.
In short, the efficient frontier in panel C are, as expected, between those in panel A and B.

As I mention in section 2.1, the economic measure used in this paper is based on the
comparison of the efficient frontier between panel A and C. But contrary to previous litera-
ture, this paper goes one step further. Instead of comparing Sharpe Ratios or other measures
that are independent of the risk tolerance, I use a utility based certainty equivalent rate of
return; so, even though each investor (with different risk aversion coefficient) will choose

the same risky portfolio at each point in time (given the efficient frontier that he faces at
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period t), the final weights between risky and risk free assets will depend on the preference.
Consequently, the out-of-sample maximum fee that an investor is wiling to pay to switch
from the ex-ante optimal portfolio when he is only able to invest in equities from developed
economies, to the ex-ante optimal portfolio including, also developing economies securities,
depends on the risk aversion coefficient. As it is show in this paper in subsequent sections,
including the risk tolerance in the analysis is not irrelevant.

The main message of the analysis of the dynamic of the efficient frontier is that given the
theoretical framework used in most of the literature that analyzes the benefit of diversifying
into emerging equity market and the one used in this paper; ignoring the time-varying
investment opportunity set, that is, ignoring the fact the mean-variance frontier varies over

time, would be crucial.

4.4 Economic gains

This section reports the main contribution of this paper. Here, I analyze not only the
economic value of diversifying into emerging equity markets using a utility-based measure,
but also I investigate its dynamics by studying the effect of the time-varying economic
environment in the proposed measure.

Figure 3 contain plots of the “ex-ante” certainty equivalent rate of return (at each point
in time) for a quadratic utility investor for two different relative risk aversion coefficients
(v = 3,10). That is, this figure shows the \; that solves equation (4) for different risk
tolerance coefficients. As I mention earlier, the proper way to interpret this measure is as
the risk free annual rate that makes the investor indifferent between holding the optimal
diversified portfolio (that is, including both emerging and developed equity markets) versus
a portfolio of only developed equity markets.

The estimated series reveals interesting results. First, independent of the preference
(risk aversion), the diversification benefits change across time. That is, the utility-based
economic measure moves considerably as time evolves. Consequently unconditional analysis

would miss this important feature of the data. Second, the ~ parameter in the investor’s
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utility function plays an important role in the estimation. Intuitively, it primarily affects
the level of the estimated certainty equivalent rate rather than its dynamics. Consistent
with Li (2003), the expected utility benefits of expanding the investment opportunity set
with emerging equity markets is bigger for the less risk averse investor. Along all out-of-
sample periods, the investor with relative risk aversion equal to 3 is at least as willing to
pay than the least risk tolerant one at each point in time. The intuition is because the more
conservative investor invests a larger fraction of his wealth in risk free asset, and therefore

faces less variation across models.

Figure 3: Ex—Ante Certainty Equivalent
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Table 4
Summary Statistics: Ex-ante Certainty Equivalent (Jan 1990 - Apr 2003)

. . . . Percentage above Unconditional
Risk Aversion Coefficient Mean  Std Dev Max Min 5% 3% 1% 05% Case
3 3.00% 5.08% 43.97% 0.00% 16.00% 30.63% 52.50% 67.50% 0.83%
10 1.00%  1.70% 14.45% 0.00%  2.00%  6.88% 28.75% 49.38% 0.22%

Table 4 summarizes the above estimations. On average, the riskiest investor is willing to
pay up to 300 basis points annually, in order to increase his investment opportunities. At

the same time, the economic measure for this investor ranges from 0% to 43%. The results
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are less volatile for the less risk-tolerant agent. His certainty equivalent rate goes from 0%
to 14%, with standard deviation of 1.7%. Even for this investor, on average, 100 basis points
annually is the ex-ante maximum fee that he is willing to pay to diversify into emerging
equity markets. Furthermore, ignoring the two spikes the average certainty equivalent rate
are 2.53% and 0.81 % for v = 3 and v =10, respectively. Note that as Table 4 reveals, in
more of the 16 percentage of the out-of-sample months the v = 3 investor was willing to
pay more than 5 % and more than half of the time 100 basis points, always on an annual
basis. On the other hand, half of the times the conservative agent was willing to pay up to
50 basis points. Finally, note that the certainty equivalent rate using unconditional mean
and covariance matrix (last column of Table 4) produces totally misleading results.

To sum up, from this first inspection of the economic gains, it is important to highlight
that the certainty equivalent rate varies across time and that the investor’s risk tolerance
affects this measure. Thus, any analysis of the value of including emerging equity market in

an international diversify portfolio should contemplate these two issues.

4.4.1 Statistical Significance of the Certainty Equivalent

Due to the subsequence non-linear transformation in the estimation procedure, given that
I need to preserve the predictability of the returns and using the fact that ultimately, all
the estimations performed in this paper depend on the errors of equation (5), the natural
way to have a description of the sampling properties of my estimations, is performing the
following bootstrapping exercise. First I randomly draw (with replacement) 219 observations
(as the original sample size) from the errors calculated in the mean equation for each country.
Second, using the proper expected returns (that is, those consistent with the draws of the
previous step) I calculate the time series of the out-of-sample certainty equivalent rate using
equation (4) as I did with the actual data. Third, I repeat this procedure 10,000 times.
Finally, the sample standard deviation from this bootstrap experiment, at each point in
time, is the standard deviation of the utility based economic measure use in this paper.
Figures 4 and 5 display the certainty equivalent rate for relative risk aversion coefficients

3 and 10, with the respective standard deviation calculated from the bootstrapping exercise
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just explained.

Figure 4: Bootstrap Standard Deviation for Gamma =3
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Figure 5: Bootstraped Standard Deviation for Gamma 10
0.16 . . — . ; ; :
' ——CE
"+ 2 Std.Dev. | |
- — 2 Std.Dev.

0.08} .
0.06 - 1

0.04

_002 1 1 1 1 1 1 1
1990 .01 1991.07 1993.04 199412 1996.07 1998.04 199912 2001.07 2003.04

It is worth mentioning that the certainty equivalent rate is bounded below by zero since,
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when choosing the optimal investment decision, the agent cannot be worse off with a better
investment opportunity set. Therefore, the negative value consequence of subtracting 2
standard deviations, should not be consider as evidence that the agent needs to be paid
for improving his opportunity set, on the contrary, should be taken as in those period the
economics gain measure may not be relevant, that is, as if the certainty equivalent rate was
zero for those months.

Even though in the previous section I found significant economic gains, figures 4 and 5
reveal that for some month of the analized sample, the maximum fee that the investor is
willing to pay to enhance his choice set, may be just consequence of simple sample error.
Nevertheless, the pictures show that for more than half of the periods the economic gain is
still greater than zero after subtraction 2 standard deviations.

To be more concrete, for 53 % of the months analyzed in this paper, even after subtracting
2 standard deviations, the certainty equivalent rate was greater than zero. At the same time,
the mean of the lower bound plotted in figure 4 and 5 are 0.99 % and 0.39 %, respectively.
On the other hand, the mean of the upper bound are 4.54 % and 1.56%; in words, this imply
that from January 1990 to April 2003, the conservative investor was willing to pay annually,
on average, between 39 and 156 basis point, while the riskier one, between 99 and 454 basis
points.

I would like to comment that the principal aim of these estimations is simple to get an
approximate measure of potential economics benefit of diversifying into emerging markets,
not to quantify these gains to many decimal places. In this sense, the results showed so
far would imply that investor may found economically valuable including emerging equity
markets in an international diversified portfolio, even after consider short sale constrains and

not allowing the investor to allocate more than 20% of his wealth in emerging markets.

4.4.2 Economic gain and economic environment

The time series estimations of the expected gains from better diversification, allows me to

analysis how changes in both national and international environment affects this measure. In
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particular, the effect of emerging market crises, the US recession and the market liberalization
process are studied.

Figure 6 highlight the emerging market economic crises and the US recession periods (for
the horizon analyzed in this paper) in the estimated time series when investor’s relative risk

aversion coefficient is 3°.

Figure 6: Certainty Equivalent and Economic environment for Gamma. 3
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Let’s first focus on the emerging market crises. From the inspection of this picture, it
seems that whenever emerging countries had experienced an economic crises (Mexican Crisis
Dec-1994, Asian Crisis Jul-1997, Russian Crisis Nov-1999 and Argentinean Crisis Aug-2001),
the expected gain of including equity from this group of countries dropped virtually to zero.
The optimal weights for this quadratic utility investor in this group of countries almost
disappear. More precisely, while on average, he should invest 7% in emerging equity market
for the whole out-of-sample period, 0.81% is the “ex-ante” optimal weights during crises
times. That is, not only this mean-variance investor reduces, ex-ante, his position in the
country that is experiencing economic slow-down, but also he decides, basically, to disinvest

in all the emerging economies. It is important to note that for the Mexican crisis, the ex-ante

5The plot for v = 10 is qualitative identical, so it is omitted.
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proportion of the wealth invested in emerging market dropped to 3% not virtually zero as
in the other cases. These results may be consequence of some of the implication, about
contagion, found in Bekaert et al (2004). Their analysis suggests that there was contagion
during the Asia crisis but it might not be during the Mexican one. In this sense, it might
be argue that the dynamic of the economic value estimated in this paper indicates that
the existence of contagion modifies the extent to which diversification of risk is possible for
investors (Goldstein and Pauzner (2004)).

Regarding to the US economics recession period, interesting results are illustrated in
Figure 6. During the out-of-sample horizon, the US economy had experience two recessions:
from July 1990 to March 1991 and from March 2001 to November 2001°. Clearly, for the first
one, the "ex-ante" economics gain due to diversifying into emerging market was economically
different from zero. Actually, during this period, the average maximum annual fee that an
investor with v = 3 was willing to pay to improve his investment set was 3.68 % (1.33 % for
v = 10). For the March 2001- November 2001 recession, the results seems opposite to those
descried before, but as the reader may be thinking, it is not clear whether the irrelevance of
diversifying into emerging markets is due to US business cycle or emerging market crises. In
other words, it is difficult to perform a controlled analysis from the simple inspection of the
graph, therefore, in Table 5 I pretend to overcome this problem.

Table 5

Significance of emerging market crises and US recessions
OLS regression with Newey-West consistent standard errors. The dependent variable
is the certainty equivalent and the independent are dummy variables for emerging
market crises and for US recessions.

Relative Risk Aversion 3 10
Constant 0.02817*** 0.0098***
(6.1598) (6.2065)
Emerging Market Crisis -0.0258*** -0.0085***
(-5.6475) (-5.4005)
US Recession 0.0112 0.0046
(0.5949) (0.7005)
R 0.0232 0.0253
Observations 160 160

*** and *** denotes significance at 10%, 5% and 1% respectively.

6The US Recessions are those classified by the NBER Business Cycle Dating Committee.
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This table presents the regression results of regressing the certainty equivalent rate onto
a constant, a dummy variables that takes one for any emerging market crises period and
a dummy variable equal to one when the US economy was in recession. The purpose of
this simple exercise is to have additional evidence about the potential effect of national
and international environment over the economic gain measure. The results are clear and
(qualitatively) do not depend on the risk tolerance coefficient. Crises in developing economies
statistically decrease, on average, the economic gain measure by 2.5% and 0.85% for v = 3
and v = 10 respectively; on the other hand, neither for the conservative, nor the riskier
investor seems to change the willingness to pay to enhance the opportunity set the US
economic recession. That is, this suggest that when US investors needed them the most, at
least during the sample period studied in this paper, emerging market economically improve
the investment opportunity set of these investors. At the same time, this result are not
sufficient to conclude that given the existence of the emerging markets crises, invest in
equity from these countries would not improve the portfolio performance. As long as crisis
in this part of the world are not predictable, investing in these equities is still optimal, since
on average the investor is getting, ex-ante, more utility.

Finally, following DeSantis and Gerard (1997), Figure 6 provides the low frequency com-
ponent of the estimated economic value (for both cases) to be able to study the effect of
market liberalization on the results discussed until now’. The reason of doing so is because
the liberalization process needs time to take place (Bekaert and Harvey (2000)), so concen-
trating in the trend component rather than on the row series might capture the main effect
of this phenomenon.

The filtered series despite in this figure suggest that the trend of the expected gain was
decreasing during the nineties. This might implicate that given that financial liberalization
should, a priory, increase the cross-country equity correlation, benefits of including emerging
markets into the opportunity set tend decrease as a consequence of this process. But from
2001 on, the expected gain measure shows an opposite trend (upward). Moreover, the nineties

was characterized for subsequence emerging market crises that, as it was shown, seems to

"The trend of the certainty equivalent was calculated using the commonly use HP filter.
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decrease the certainty equivalent rate. So I would like to argue that, time-clustered crises in
the developing countries are the main reason of this downward trend, rather the pour effect
of the market liberalization process. In any case, not only the low frequency component
presents an upward slope in end of the sample, but also, on average the economic magnitude
of the proposed measure is important (specially for the less risk averse investor), thus, the
empirical exercise developed in this paper suggest that economics value of diversifying into

emerging markets remains relevant even after the liberalization process.

Figure 6: Certainty Equivalent Trend
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5 Conclusions

In this paper I analyzed the “ex-ante” economics value of diversifying into emerging equity
markets from the US investor prospective, using a mean-variance framework. The novel
parts of my analysis are two. First, the value of diversifying into emerging equity markets
is estimated with an “ex-ante” utility based measure (which links the investor’s tolerance
to risk with her/his diversification decision) and using conditional information; and sec-

ond, the methodology proposed in this paper, allows insight into how changing in the local
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and international economic environment affect the economic gain of better diversifying the
portfolio.

Interestingly, depending on risk tolerance characteristics, the value of diversifying into
emerging equity markets is estimated to be between 100 and 300 annual basis points, even
under a twenty percent cap in emerging market. Furthermore, the analysis indicates that
while emerging market crises seem to reduce these economic gains, when US economy is
in a recession, investing in emerging equity markets still helps to improve the portfolio
performance. At the same time, although in the early nineties a capital market liberalization
process took place, the gains of investing in emerging equities remain economically significant,
with a growing trend from 2001 on.

Although the main contribution of this paper is simple to get an approximate measure of
potential economics benefit of diversifying into emerging markets, not to quantify these gains
to many decimal places, the analysis omits important characteristics of emerging markets
equity returns. Ignore higher order moment in this analysis, like skewness and kurtosis,
when dealing with emerging market may be inappropriate, so introducing these dimensions
in the portfolio optimization problem would be interesting. More importantly, as most of
the literature related with this work, this paper, leaves the following fundamental question
unanswered: Which are the economics forces that are driving these results? this question

should be the focus of future research in this area of international finance.
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6 Appendix

6.1 Appendix A:

In this appendix I summarize the methodology proposed by Ledoit et al (2003), consequently
I follow very closely this paper. For more detail, please read Ledoit et al (2003).

The coefficients of the diagonal-vech model (6) are estimated in a two step. In the first
steep, ¢; ;, a; j and b; ; are separately estimated for every (i, j), using one and two dimensional

GARCH(1,1) model, that is, solving the following maximizations problems (QMLE):

—Ezzt/@hiivt) (Al)

max

T
[[-5—
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2
S.t.him = ¢+ au‘si?t_l + bz‘z‘hii,t—l

where ( is a small number to ensure that a;; + b; < 1, for the diagonal coefficients.
On the other hand, the off-diagonal coefficient are estimated in the following way. First
with the solution of (A.1) I can estimate h;; ¢, so using this estimates, by quasi-likelihood it

can be estimated the off-diagonall coefficients:

T

1 1
max H e~ Pty i Big /2 (A.2)
61:1:7ai7:7b1:1:t:1 A/ 2T det(Hij,t)
Eit Piit  hijq
S.t.Eij,t |:€ ] s Hz’j,t = R
gt hije hjja
and  hiji = Cij+ Gi€ii1€j0-1 + bijhijia

Unfortunately, nothing guarantee that when bringing together the output of these sep-
arate estimation, a positive semi-definite variance-covariance matrix will emerge, so, in the
second steep, they transform the estimated C, A and B matrixes (C’, A and 3), To do so,
they first show that if D = C' + (1 — B), A and B are positive semidefinite, then the con-

ditional covariance matrix is positive semidefinite (their Proposition 1), so, given that 15, A
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and B are consistent estimator of D, A and B, they transform these estimated matrices D,
A and B to positive semidefinite ones: D, Aand B, forcing the diagonal parameters obtained
in the univariate GARCH(1,1) estimation to remain unchanged. Formally, the methodology
imply that I need to solve the following problem too:

min || G—G | s.t. G is possitive semidefinite (A.3)
e

and G; = gy foralli=1,...N

for G = D, A and B. Of course, one I have D and B we can calculate C' = D (1 — B).

Finally, note that ~“matrices are those used to estimate the conditional covariance matrix.
N N

Two more things, as they suggest, I use the Frobenius norm |[U[|z = /> >~ u7; and
i=15=1
the algorithm to solve problem (A.3) is the one proposed by Sharapov (1997).
6.2 Appendix B:
The bootstraped data {e}, ..., %} is generated in the following way:
h;'k,j,t =Cij+ &i,jg;'k,t—lg;,t—l + 5” :j,t—l (B.1)
ef = (H;)'¢; (B.2)

where €;are resampled from the fitted standardized residuls, such that their sample mean
is zero and sample covariance covariance equal to the identity matrix. To calculate €; Ledoit
et al (2003) suggest:

- Compute ¢, = H;lpgt,t =1,..,T.

- Denote by gtthe sample mean of the é.

- Denote by ¥; the sample covariance matrix of the ¢

“Let & =5 26— &) t=1,...,T.

- The € are then the resampled (with replacement) from the é,.
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So, the bootstrap Standard Errors are comming from the following algorithm (pag 740
of Ledoit (2003)):

1. For k=1,...,K, generate bootstrap data {e},,...,e%},} as decribed in equations (B.1)
and (B.2).

2. Compute the estimators C, A and B on each data set to obtain bootstrap estimates

% Ar and B for k = 1,...K.

*

3. The sample standard deviations of ¢; ., a; ; , and 517 ik X = 1,..,K, are the respective

standard erros of ¢;;,a;; and b, ;,
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