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Portfolio Diversification Across Segmented Financial Markets

by Derek ANDERSON

Regional price to earnings ratios, aggregated at the industry level for a
country or geographic region, possess forward-looking information regarding
volatility-reducing diversification based on a test-control paired experiment
using random selection to form portfolios. Market segmentation theory pro-
poses that segmented financial markets are subject to different shocks than in-
ternationally integrated financial markets. Multiple performance metrics are
analyzed, and correlation of diversification holdings with pre-existing assets
varies directly with increased growth opportunities and segmentation mea-
sures as defined by Bekaert, Harvey, Lundblad, and Siegel (2007 and 2011).
The randomized portfolio experiment developed in this work is ripe for exten-
sion and customization as a tool to aid in portfolio management.
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Chapter 1

Introduction

1.1 Introduction
1.1.1 Executive Summary

Price to earnings (P/E) ratios contain forward-looking information for investors
based in the United States about regional financial markets with assets that on
average have less correlation with a pre-existing portfolio than other holdings
available in US financial markets. The measures of market segmentation and
growth opportunities proposed by Bekaert et al. (2011) and Bekaert et al. (2007)
calculate industry-weighted P/E ratios, using various weightings, to identify
growth opportunities and segmentation levels for each region. A randomized
portfolio experiment tests for the existence and significance of regional diver-
sification premiums in portfolios held for three years. Cumulative returns, a
measure of within-portfolio correlation, Conditional Value at Risk, and an ad-
ditional metric combining total returns and three-year volatility are the metrics
used to define portfolio performance in the experiment, conducted on a rolling
36-month window using 20 years of monthly data starting in February of 1996.
This result is found using linear regressions with coefficient standard error es-

timation robust to clustered dependence over time and within regions.
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1.1.2 Framing the Question

A central tenet of Modern Portfolio Theory is that investors are risk averse,
and construct portfolios by optimizing expected returns subject to constraints
on the volatility of overall holdings'. Diversification possibilities are endless—
investors choose to diversify across various asset classes, industries, factor
model loadings, and regions of the world. Identifying diversification benefits
across each of these methods, and more, are a major part of financial research,
in both academia and industry.

International financial market segmentation is one source of potential di-
versification opportunities which can improve overall portfolio performance,
as defined by risk associated with diversification into holdings that are posi-
tively correlated with an existing portfolio. This research shows that the P/E
ratio driven measures of segmentation and growth opportunities of Bekaert
(henceforth BHLS) et al can indicate countries or geographical regions have as-
sets that have lower correlation with assets in the US. This research does not
endeavor to find an optimal diversification strategy, nor does it provide a pre-
dictive model of portfolio performance. These problems are better suited for
active portfolio management. Test and control portfolio holdings of 50 total
assets and the 3 year holding period length are chosen to emulate basic tenets
of an arbitrary established investor with a medium term outlook. By randomly
selecting these portfolios, a distribution of return streams can serve the pur-
poses of analysis generally applied to overall market return indices. Sampling
from this distribution of possible portfolios identifies general tendencies of re-
gional markets.

In the next section, a literature review will serve to provide information on

"Markowitz (1952) is the seminal paper for Modern Portfolio Theory
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the path of research on international financial market segmentation. Following
this, the experimental methodology and assumptions are explained for calcu-
lating and comparing the segmentation measures between the various regions,
and the execution of the randomized portfolio diversification experiment. Fi-
nally, the results are analyzed, resulting in the conclusion that these three met-
rics together indicate regions which have assets with lower correlation to exist-
ing holdings than assets from U.S. markets. However, in this dataset they are
statistically unrelated to future return premiums or reduction in tail risk events,
as measured by conditional Value at Risk, implying that additional metrics and
analysis are required for optimizing portfolio returns in active portfolio man-

agement.

1.2 Literature Review

International diversification is a well-studied topic, since it is justified only if
there are gains from it. Many studies show that gains have existed historically
for emerging and frontier markets, notably Jayasuriya and Shambora (2009).
This paper shows that investors holding only US assets would have experi-
enced higher (or constant) levels of return with lower risk by simply diversify-
ing some of their portfolios to emerging and frontier markets. As the topic of
international diversification has existed for a few decades, the gains from di-
versifying to emerging regions have been diminishing as more investors adopt
this strategy, leading to a relatively focused vein of research on investing in
frontier markets, which are financial markets in countries that are too small
to be labeled emerging, yet still have a functional financial system for public
equity holders. An overview of these economies can be found in Speidell and

Khrone (2007).
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A great deal of academic research focuses on the topic of measuring interna-
tional market segmentation. As US investors are searching out opportunities
in even the smallest international markets, metrics hilighting diversification
benefits in international markets become more and more useful. Kearney and
Lucey (2004) provide a good overview of the field, and highlight three main

threads of work;

... testing the segmentation of equity markets via the international
Capital Asset Pricing Model (iCAPM), testing the extent and deter-
minants of changes in the correlation or cointegration structure of
markets, and the more recent literature that recognised the essen-
tially static nature of these tests and derives time-varying measures

of integration.

While this paper focuses specifically on a set of three time-varying measures,
a brief overview of the research on static measures provides a foundation for

understanding the methods employed.

1.2.1 International Capital Asset Pricing Model

The international CAPM is an extension of the well-known model of Sharpe
(1964), which suggests that the individual assets in a financial market share
a common set of risks. In the original Sharpe model, the volatility of an as-
set serves as a measure of riskiness, which must be considered as a constraint
when maximizing total returns. The efficient frontier is defined as the set of
assets which minimize variance with respect to a given level of excess returns
over the risk free return rate. Jensen, Black, and Scholes (1972) further de-
velop the CAPM, eliminating the need for the risk-free rate. Factor models are

an extension of the CAPM within the dimension of a single financial market,



1.2. Literature Review 5

but international markets add another dimension of possible variability. These
models add various factors to the market return stream in a linear regression
model. Assets with returns yielding coefficient values close to zero in time se-
ries regressions, indicating low levels of correlation with market returns, rep-
resent assets with low risks.

When the scope of analysis increases to more than a single market, a spec-
trum of assumptions exist between two extreme cases. The first extreme as-
sumes all capital markets are integrated globally, and defines risk based on
correlation with one global market return stream. The opposite extreme as-
sumes an individual country’s financial market is entirely segmented from the
rest of the world, requiring the use of market return streams calculated for each
region to identify risks.

The assumption sets that blend these two extremes allow for any given
country’s financial market to be partially correlated with other globalized mar-
kets, as in Errunza and Losq (1985) and Errunza, Losq, and Padmanabhan
(1992). This an early application of data more granular than country-level
aggregated index returns used to study market segmentation. Bekaert and
Harvey (1995) use the same model framework, adding regime-switching tech-
niques to estimate the probability of a market displaying either segmented or
integrated behavior, based on the estimated local and global relative price of
risk.

Carrieri, Errunza, and Hogan (2007) extend the analysis of Errunza and
Losq by including a portfolio of country funds and American depositary re-
ceipts (ADRs) from integrated markets, which can serve as substitutes to in-
ternational investors without access to local segmented markets. Carrieri et al

clearly state that measuring financial market segmentation requires using data
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which is more granular than market-wide indices. Their index of integration
identifies regions with market return rates that cannot be closely matched us-

ing holdings available to investors in globally integrated markets.

1.2.2 Correlation and Cointegration Structures

Examining correlation and cointegration structures between return streams is
a slightly more technical (versus the theoretical CAPM) approach. The central
assumption is that integrated markets exhibit more correlated return streams
over time. Longin and Solnik (1995) focuses on correlation between index re-
turns of major country financial markets by calculating covariance matrices
over rolling windows. They find that the covariance matrices vary over time,
implying that market integration a dynamic feature.

A slightly more complex analysis of these indices involves estimating the
cointegration structure based on either the Engle-Granger methodology, such
as work by Engle, Lilien, and Robins (1987) or Bollerslev, Engle, and Wooldridge
(1988), or the more sophisticated Johansen multivariate approach, as found in
Rangyvid (1995), Aggarwal, Lucey, and Muckley (2009) or Bierens and Martins
(2010). These studies recursively estimate cointegration vectors of international
index returns and find that the number of cointegration vectors generally in-
creases as time progresses. However, as these methods all depend on the anal-
ysis of aggregated index returns, they all suffer from the critique in Carrieri,

Errunza, and Hogan (2007) by not using more granular data.

1.2.3 SEG, LGO, and GGO

The metrics developed in Bekaert et al. (2007) (henceforth BHLS07) and Bekaert

etal. (2011) (henceforth BHLS11) are based on P/E ratios of industry portfolios.
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P/E ratios are defined as the share price of a firm divided by the earnings
per share in a given month. Campbell and Shiller (2001) dives deep into the
information content of P/E ratios. BHLS build on such logic and state their

assumptions simply;

e The growth potential of a country is a function of the growth potential of

its mix of industries

e P/E ratios contain forward looking information about growth opportu-
nities
The authors derive a model of growth opportunities by discounting future cash
flows on an asset which pays out all earnings as dividends each period. An
overview is available in Appendix A.

Market integration theory states that integrated markets enjoy free flow of
capital, leading to equalization of P/E ratios within industry groups. Industry
portfolios are specified as the optimal lens for examining countries, as firms in
the same country and industry will face very similar market conditions, and
aggregating firms to the industry level reduces noisy signals from firm-level
data. Local growth opportunities, as defined by BHLS07, are dependent upon
a region’s aggregated P/E ratio, and convey information regarding growth
opportunities for both globally integrated and segmented financial markets.
Global growth opportunities, on the other hand, use global industry portfolio
P/E ratios, weighted by the industrial distribution of the specific country, will
convey information regarding growth opportunities available to countries that
are already integrated into the globalized market.

BHLS11 construct a measure of segmentation for a country based on it’s
industry-weighted sum of absolute deviations between the inverse of local

and globalized industry portfolio P/E ratios, also known as the earnings yield.
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While the concepts behind the construction of this segmentation measure are
identical to that of the growth opportunity measures, the numerical methods
are slightly different. The market segmentation measure weights absolute de-
viations from global industry portfolio earnings yields, versus measuring re-
gions with only higher P/E ratios. By weighting absolute devations, this met-
ric identifies markets without growth opportunities which are still segmented

from the globally integrated market.

1.2.4 Limitations of P/E Ratio Information Content

The model of BHLS shows that P/E ratios are a function of both growth oppor-
tunities as well as industry-specific discount rates, which implies that changes
in the discount rate could mask the effect of growth opportunities in observed
values. However, Ang and Zhang (2011) show that most of the variation can
be ascribed to changes in growth opportunities versus discount rates.
Weigand and Irons (2006) find that P/E ratios do not mean-revert fast enough

(a central assumption of Campbell and Shiller (2001)) versus a model using the
10-year treasury note as a better benchmark rate for reversion analysis?. Irons
and Wu (2013) continue this research and argue that investors began indexing
earnings yields to the 10-year treasury note since 1960, finding that the coin-
tegration structure of P/E ratios diminishes around this point in time. This
analysis is primarily based upon P/E ratios of firms solely in the United States,
however, so it is not completely at odds with the comparison of P/E ratios

between segmented international financial markets.

This is known as the Fed Model, see Yardeni (2003), Asness (2003), Thomas and Zhang
(2008)
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1.2.5 Random Portfolio Analysis

While portfolio choice is a widely studied subject, comparing the performance
of multiple markets should involve more than a single optimal or index port-
folio. Random portfolio selection stems from Malkiel (2011), a famous book

called A Random Walk Down Wall Street, first written in 1973. Burns (2004)

use randomly selected portfolios as a benchmark measure for investment skill.
Lisi (2009) presents a mutual fund evaluation technique based on placing a par-
ticular fund’s historical returns within a distribution of randomly selected port-
folios from the same universe of holdings available to mutual funds. Arnott et
al. (2013) presents a similar methodology with two different index portfolios
— one weighted by market capitalization rates, and one equally rated of all
stocks in their available dataset. This methodology is also employed by Stein
(2014), by estimating factor models for mutual fund returns and placing these

estimates in a distribution generated by forming random portfolios.
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Chapter 2

Methodology and Assumptions

2.1 Methodology

The calculations presented in this section are shown for a region i of G = 21
total countries and geographic regions that comprise global financial markets.
10 industries are identified within each region, defined by the sectors of the
MSCI Global Industry Classification Standard (GICS). Weights for aggregating
firm-level data to the industry portfolio level are based on market capitaliza-
tion rates, henceforth referred to as market cap or cap-weighting. All returns
are determined using price series denominated in US dollars. Market cap is

also denominated in US dollars.

211 Calculating LGO, GGO, and SEG

For a country i, define IW; ; as a vector of industry weights calculated by the
industry share of the entire region’s market cap. Let PE; ; be a vector of indus-

try portfolio P/E ratios. Next, define local growth opportunities LGO; ;:
LGO;; = In (IW] PE;;)

LGO is the natural log of the market cap weighted country portfolio P/E ra-
tio, and is capable of identifying growth opportunities in both segmented and

globally integrated markets.
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Global growth opportunities GGO; ; are defined by the natural logarithm
of the P/E ratios of global industrial portfolios weighted by the i country
industry market cap. Define a vector of global industry portfolio P/E ratios
PEy ;.

GGO,; = In (IW!,PE,,)

BHLSO07 state that GGO can identify growth opportunities available to coun-
tries that are part of the integrated global economy, but not for countries that
are segmented, since only integrated economies should share industrial port-
folio P/E ratios over time.

LGO and GGO are constructed as forward looking signals for growth. How-
ever, an economy which is segmented is not necessarily also endowed with
growth opportunities, and could still potentially reduce risk when added to
an existing portfolio of US assets. SEG is a measure of market segmentation
based on earnings yields differentials, which are the inverse of the P/E ratio.

1 1

EG;y =IW!,|EY;; — EYyi = IW!, | —— — ———
SEG; it [ EY t] | PE,  Phay

As the inverse of the P/E ratio, using the earnings yield performs a similar
task as the natural logarithm in LGO and GGO for minimizing the effect of

high outliers in the P/E ratio space.

2.1.2 Randomized Portfolio Experiment Framework

The growth opportunity and segmentation measures are compared to time-
series of portfolio performance metric differentials between randomized test
and control portfolio pairs consisting of N = 50 holdings each. All holdings
are selected at random. Test and control pairs share 80% (Npase = 40) of hold-

ings in common. Statistical differences between the test and control portfolio
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performance is based on only 20% of the holdings (/Vy4;, = 10). Holdings in the
US provide the universe of assets used for sampling the base of each portfolio
pair, as well as the diversification holdings for the control portfolio. For the
test portfolio, the diversification set is randomly selected from the universe of
assets available within a particular test region. All N = 50 assets are weighted
equally in all portfolios, thus carrying weight +. For each region, 2000 pairs
of portfolios are selected and rebalanced monthly. Let superscript T, C' rep-
resent both the test and control portfolios simultaneously, as the construction
and metric calculation is identical across the testing pair.

Portfolios can be represented as a matrix R“7" € R%9*%6. Each portfolio is a

set of N = 50 holdings, each with 36 months of US dollar denominated return

observations.
T, T2 --- T1,36
RC’T _ i 21 T22 ... T236
50 : :
50,1 T50,2 --- 750,36

Holdings 1 through 40 are from the base region, and holdings 41 through 50
are from either one of the test regions for the test portfolios, or from the United

States again for the control portfolios.

2.1.3 Randomized Portfolio Experiment Metrics

Four measures of portfolio performance are compared between each pair to
identify an average premium measure for each region. Cumulative (total) re-
turns measure absolute performance, and are defined for each portfolio formed

in period t as

T+35 T+35

50
C,T C,T 1 ar
| (1+RT+t) —1=1] (1 + %Zriﬂt) 1
i=1

t=T t=T
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This value is equal to the total growth (or loss) of the initial investment in-
curred over the 36 month period. The difference between each test and control
portfolio total return is recorded for each of the test-control pairs. A Wilcoxon
signed rank test identifies periods when the median total return difference is
statistically nonzero.

The Pearson Correlation coefficient between the aggregated 40 base asset
holdings and the aggregated set of 20 diversification holdings measures the
degree to which the addition of diversification assets affects the volatility of
overall portfolio. The expression for this measure is calculated

c,T foXix
E[RPR,"] ~E[RP|E[R,"]
5BoC.T

Corrp =

The combined performance of the base assets with the testing assets can be
broken into two return streams - one for a portfolio of the Ny, = 40 assets,
and a smaller portfolio of the Ny, = 10 holdings. The correlation between
these two aggregated series is calculated to detect whether the addition of the
test diversification region can decrease overall portfolio volatility by more than
an arbitrary selection of US holdings.

Conditional Value at Risk (CVaR), as thoroughly explained in Acerbi and
Tasche (2002), is an extension of another portfolio performance metric known
as Value at Risk (VaR). The estimation of VaR requires knowledge of the distri-
bution of returns, as it is defined as the most a portfolio can lose in one time
period with probability o. CVaR improves upon VaR as a risk measure primar-
ily because it is subadditive, meaning that for two possible assets A and B, we
have

CVaR(A)+ CVaR(B) < CVaR(A+ B)

CVaR is a tail mean, or in other words, a simple average of the worst a% of
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FIGURE 2.1: The indifference curves defined by the Sharpe ratio

are presented in the left panel. The right panel shows the sub-

division of the risk/return space into four quadrants around a
particular observation.

observations. In this experiment, CVaR is calculated at o = 8.33% (%) level,
or the simple average of the three worst monthly returns observed over the 36
month period. Test CVaR minus control CVaR measures excess tail risk for the
test diversification region.

The Sharpe ratio is a prevalent metric in financial analysis, which is defined
by the cumulative return of an asset TR%T divided by it’s standard deviation
o@T over a specified period of time, in this case 36 months. This ratio implies a
set of indifference curves shown in Figure 2.1, which in turn define preferences
for the tradeoff between increased returns while also increasing the risk of a
portfolio. Also, negative values of the Sharpe ratio cannot be compared to
positive values quantitatively, as increased volatility brings the Sharpe ratio
closer to zero for assets with negative total returns, resulting in a ‘better” metric
observation.

Instead, note that the point representing the test portfolio will fall into one
of the four quadrants relative to the control portfolio. Test portfolios in quad-
rant II dominate the control portfolio in both risk and return, and test port-

folios in quadrant IV are dominated by the control portfolio in both risk and
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return. Counting the number of test portfolios in quadrant II relative to the
control portfolio, and subtracting off the number of test portfolios in quadrant
IV relative to the control portfolio yields a measure of the net absolute portfolio
performance increase in the sample.

A central point of the distribution of each of the first three measures must be
used to represent the average diversification benefits for each region over time.
Since total returns and conditional value at risk are potentially unbounded, the
median value over the 2000 observations each period is used to minimize the
effect of extreme outliers. Since correlation is bounded between negative one
and one, the mean correlation of diversification holdings and base holdings is
used. The last metric is a simple count of test portfolios which dominate their

paired control portfolio, so a measure of centrality is not necessary.

2.1.4 Regression Framework

Linear regression is a fundamental tool in financial time series analysis. The
market risk of the CAPM is defined as the linear regression coefficient an asset
return stream carries versus the market return stream. In time series analysis
with multiple groups observed over a shared time period, simple ordinary least
squares (OLS) regression results of can be improved upon by accounting for
group behavior in the explanatory variables. The data from each group can be
combined into what econometricians call a panel, and an OLS regression can
be specified as

Yie=o; + X8+ €y

Dummy variables for each region in the regressions account for country level

constant effects «; (also known as a fixed effect estimator).
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Thompson (2011) develops estimators for coefficient standard errors using
data with correlation across regions and time. Petersen (2009) and Gow, Or-
mazabal, and Taylor (2010) present a comprehensive list of standard-error cor-
rection methodologies, and run tests based on simulations of data with firm
and time effects present. Gow, Ormazabal, and Taylor (2010) find that the
Thompson standard errors are the unequivocally best method for data includ-
ing as few as 10 clusters.

For a single clustering of G' groups with IV, observations each and K ex-

planatory variables, the covariance of the estimator for 3 is given by

V(B) = (X'X)"'B(X'Xx)"!
where

G
B = Z X;ugu;Xg
g=1

for X, € RNo*K and u, € R™s are the residuals from the g group observa-
tions.

This term can also be calculated with each group consisting of observations
in a shared time period. The two-way cluster robust standard errors are de-

fined by

VGT(B) = ‘A/T’egion + ‘Zﬁime,O - thite,O

The term thite,o is the variance matrix used for the standard errors of White
(1980). This heteroskedasticity-robust variance matrix is subtracted off from
the tabulation, as these effects are counted both by the firm-specific and time

period-specific clustering, avoiding double counting.
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2.2 Assumptions

Regional groups are primarily individual countries. Countries with smaller
financial markets (fewer than 50 publicly available assets) are grouped region-
ally such that no group has less than 50 available holdings for the majority of
observation dates. Regression results which are presented as a replication of a
tew experiments of BHLS calculate the world measures for SEG; ; and GGO;
using the global aggregated industry portfolios. However, the randomized
portfolio experiment is designed to measure diversification benefits beyond
United States equity holdings, so SEG;; and GGO, ; use the United States in-
dustrial portfolio as the definition of the “global” measure.

Regional groups of small financial markets which do not explicitly state
their country membership in the tables are: are aggregated in the following

manner:

G7: Canada, France, Germany, Italy, Japan, United States, and United

Kingdom!
e Developed EU: Belgium, the Netherlands, Denmark, and Ireland
e Scandinavia: Sweden, Finland, and Norway
e Latin America: Argentina, Brazil, Chile, Colombia, and Mexico

e Emerging Asia: Indonesia, Malaysia, Singapore, Bangladesh, Thailand,

and Vietnam

e Emerging Europe: Bosnia and Herzigovina, Bulgaria, Croatia, Czech Re-
public, Estonia, Hungary, Greece, Lithuania, Poland, Serbia, Slovenia,

and Ukraine

Note that the G7 is not included in the random portfolio experiment, it is only shown in the
tables exploring industry composition of SEG and LGO.
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e Middle East/North Africa: Bahrain, Egypt, Jordan, Kuwait, Lebanon,

Morocco, Oman, Qatar, Tunisia, Turkey, Pakistan, and Saudi Arabia

Developed economies, as defined by MSCI, include the G7 countries, Australia
and New Zealand, Switzerland and Austria, Spain and Portugal, the Devel-
oped EU, and Scandinavia. The remaining regions are identified as emerging

markets.

2.3 Data

The empirical work in this research primarily uses the Thompson-Reuters World-
scope dataset, which contains firm-level data for approximately 85% of global
market capitalization. Firm-level data gathered monthly for this study in-
cluded market cap, prices, and P/E ratios when available. Observations miss-
ing price data are excluded from analysis. The market segmentation and growth
opportunity measures are based on industry cap-weighted P/E ratios. Table
2.1 presents the total number of holdings and total market cap for each region
in the data in both the first and last year of the sample.

A least-squares regression of the monthly global aggregated index of all
available Worldscope company data? weighted by market cap rates on the
MSCI All Country World Index yields a 3 = 1.01 with a t-statistic of 12.4, im-
plying that the global market dynamics in the Worldscope data set are closely
aligned with the MSCI measure, which is widely used as the global market
return in many CAPM applications. The total market cap of the companies

weighted in the MSCI All Country World Index is almost $40 trillion US at the

2Firms with missing P/E ratios, prices, or market cap rates were removed from the working
data set. The total market cap of those firms missing prices or earnings information accounted
for less than 1% of total market cap.
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Region N Market Cap. Market Cap. Share N Market Cap. Market Cap. Share
Feb. 1996 (bil $US) Jun. 2016 (bil $US)

Global 9586 14,424 100% 16344 57,089 100%
G7 6570 11,837 82.1% 8611 36,677 64.2%
United States 2849 6,014 41.7% 3608 23,757 41.6%
Canada 304 234 1.6% 590 1,396 2.5%
France 288 448 3.1% 359 1,825 3.2%
Germany 101 338 2.4% 289 1,482 2.6%
Italy 173 195 1.4% 203 528 0.9%
Japan 2193 3,486 24.2% 2795 4,888 8.6%
United Kingdom 662 1,119 7.8% 767 2,797 4.9%
Australia/New Zealand 254 238 1.7% 700 1,158 2.0%
Switzerland / Austria 157 306 2.1% 186 1,423 2.5%
Dev. EU 212 321 2.2% 252 1,237 2.2%
Spain and Portugal 120 141 1.0% 131 696 1.2%
Scandinavia 205 169 1.2% 459 955 1.7%
Latin America 225 180 1.3% 186 846 1.5%
Korea 352 141 1.0% 468 1,045 1.8%
Emerging Asia 763 539 3.7% 683 1,342 2.4%
Emerging EU 112 38 0.3% 98 179 0.3%
Middle East/North Africa 135 28 0.2% 361 812 1.4%
India/Sri Lanka 87 40 0.3% 386 1,275 2.2%
South Africa 181 187 1.3% 111 362 0.6%
China 12 0.73 0.001% 2037 5,387 9.4%
Taiwan 94 108 0.8 408 751 1.3%

TABLE 2.1: Regional Data Overview: Number of Return Series, Market Cap, and Market Cap Share
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end of the sample in June 2016. Data for this study, as seen in Table 2.1, had a
total market cap of almost $60 trillion.

While BHLS focused on a set of 39 industries for their analysis, this analy-
sis is based on the GIC definitions which define 10 different industries: Energy,
Materials, Industrials, Consumer Discretionary, Consumer Staples, Healthcare,
Financials, Information Technology, Telecommunications, and Utilities. The re-
cent addition of Real Estate (GIC 60) was not included in this dataset. Conduct-
ing the analysis with a smaller set of industry classifications did not affect the
results found in BHLS07, which they conducted as a robustness check.

Figure 2.2 shows four time-varying measures of the cross-sectional distribu-
tion of available equity holding returns within the United States. The distribu-
tion of stock returns appears not to be normally distributed in any given time
period, especially post-crisis, where higher moments clearly exist. Since the
nature of these distributional shifts is not examined in this work, these charts
are only included for every country in Appendix B. In most financial market
segmentation analysis, only the first panel of information is considered, i.e. the
regional market index return. While the higher moments do not factor directly
into the randomized portfolio experiment, they show the evolution of asset
price behavior in the United States over time. The higher moments appear
to increase as time progresses, and the effect of the assets which contribute to
these higher moments will affect the distribution of test and control portfolio

metrics.
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FIGURE 2.2: Cross-Sectional Equity Holdings Sample Moments
for the United States
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Results and Interpretations

3.1 Results

Regressions of LGO and GGO on one year ahead GDP and investment growth
show that P/E ratios yield significant and positive coefficient estimates, which
confirms results found in BHLS07. GDP and investment data are from the
World Economic Outlook (WEO) of the International Monetary Fund (IMF).
GDP is denominated in international dollars, valued using purchasing power
parity between the currencies of each region. Next, SEG, LGO, and GGO
are used in linear regression versus the random portfolio experiment metrics,
which shows that SEG, LGO, and GGO have shown significant relationships
over the last 20 years, in a forward looking manner, for regions that exhibit
lower excess correlation with existing portfolio holdings.

Figure 3.1 shows the time series of SEG;; and LGO; ; for every region. A
legend is withheld as interpreting individual country data from this perspec-
tive is impossible, but the figure is included to show the overall behavior of
these two measures. Note that while LGO has fallen for almost all regions
with the progression of time, especially since the crisis of 2008, SEG does not
exhibit this behavior, and erratically rises for various countries over the entire

time horizon.
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FIGURE 3.1: SEG and LGO over time. Note that LGO has
varied less as time progressed, especially since the crisis. SEG

shows more erratic behavior than LGO.

Brco
Coefficient | 1.48

Std. Err. 0.68
t-stat 2.17%*

R? 0.46

N 420

TABLE 3.1: Regressing GDP growth on LGO

3.1.1 Macro Linkage Analysis

LGO and GGO hold positive relationships with GDP and real investment growth
in annual fixed effect regression analysis. Since these data are annual, GDP
growth in year t is compared in time with the observation of LGO or GGO
from December of year ¢t — 1. Let gdp; ; denote the GDP growth in country i in
year t.

gdp; s = a; + BLGO; ¢ + €; 4

Table 3.1 presents the estimates from this regression, excluding the estimates
for the o; terms. The standard errors are calculated using Thompson (2011)
two-way cluster estimation to account for dependencies within each country,
as well as within each time period. * and ** represent significance at the 90%

and 95% levels respectively.
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Brco
Coefficient | 3.99
Std. Err. 1.85
t-stat 2.16**
R? 0.17
N 420

TABLE 3.2: Regressing Investment growth on LGO

Baco
Coefficient | 3.99
Std. Err. 1.67
t-stat 2.38**
R? 0.49
N 420

TABLE 3.3: Regressing GDP growth on GGO

Similar regressions for investment growth insetad of GDP growth are pre-
sented in 3.2.

These same regressions are repeated for GGO in tables 3.3 and 3.4.

As a final effort in replicating BHLS07, define local excess growth opportu-
nities LEGO;; = LGO;; — GGO; 4, which is meant to identify growth oppor-
tunities in segmented markets. The intuition behind this metric is to identify
regions with P/E ratios indicating growth opportunities in sectors that are not
also signalling growth opportunities for integrated markets through the global
P/E ratios in GGO. LEGO is regressed on GDP growth in excess of average

global GDP growth with results presented in Table 3.5.

Baco

Coefficient | 8.94
Std. Err. 5.15
t-stat 1.74*
R? 0.16

N 420

TABLE 3.4: Regressing Investment growth on GGO
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BrLEGO
Coefficient 1.19
Std. Err. 047

t-stat 2.51%*
R? 0.41
N 400

TABLE 3.5: Regressing excess GDP growth on LEGO

Assuming that emerging markets exhibit the properties of segmented fi-
nancial markets, Table 3.5 confirms the BHLS07 hypothesis that LEGO;; can
identify excess growth opportunities in emerging financial markets as defined
by MSCI. While BHLS07 test an additional term G EGO which they construct
as an excess over global portfolio P/E ratios and weights, the results in this
analysis do not confirm explanatory power for GDP growth in developed mar-
kets, so regression results are not included.

Appendix C includes two dimensional plots of GDP growth and invest-
ment growth versus LGO for each region to visualize the relationship between

LGO and GDP growth within a region in the context of global markets.

3.1.2 Industry Contribution to SEG and LGO

The contribution of individual industries to either segmentation or local growth
opportunities can be shown by ranking the values of each industry in the
IW],PE;, vector dot product. The natural logarithm can be ignored in this
context, as it is a monotonic transformation. This ranking is presented in Ta-
ble 3.6. A similar ranking of the values for each industry in the expression
1 Wi’,t |EP;; — EP, ;| can be found in Table 3.7. These measures are for June
2016.

Table 3.8 shows the percentage of total regional market cap belonging to the

top three industries in each region for June 2016, as defined by contributions to
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Energy | Materials | Industrials | Cons. Disc. | Cons. Staples | Healthcare | Financials | IT | Telecom | Utilities

G7 7 8 6 4 3 2 5 1 10 9

USA 7 9 6 3 5 2 4 1 10 8
Canada 1 3 5 7 4 10 2 8 6 9
France 5 10 1 3 2 4 6 8 9 7
Germany 10 5 3 4 8 2 6 1 7 9
Italy 6 9 4 1 8 7 3 10 5 2
Japan 9 8 1 2 3 4 5 6 7 10
United Kingdom 1 6 4 5 2 7 3 8 10 9
Australia/New Zealand 5 2 4 6 7 3 1 10 9 8
Switzerland / Austria - 4 3 6 2 1 5 8 7 9
Dev. EU 1 9 4 3 5 1 2 6 7 8 10
Spain/Portugal 4 10 5 1 9 7 3 8 6 2
Scandinavia 9 8 1 3 4 6 2 7 5 10
Latin America 5 2 4 6 1 10 3 9 8 7
South Korea 8 5 7 4 2 3 6 1 9 10
EMRGAS 8 7 3 5 1 6 2 10 4 9
EMRGEU 2 6 9 5 8 7 1 10 3 4
MENA 8 2 6 7 4 9 1 3 5 10
India/Sri Lanka 8 2 7 5 1 6 3 4 9 10
South Africa 7 4 8 1 3 6 2 9 5 -
China 7 1 2 3 8 6 5 4 10 9
Taiwan 8 2 7 5 6 9 3 1 4 10

TABLE 3.6: Contribution to LGO by Industry, June 2016
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Energy | Materials | Industrials | Cons. Disc. | Cons. Staples | Healthcare | Financials | IT | Telecom | Utilities

G7 2 5 7 4 8 10 1 6 9 3

USA 3 10 6 2 7 8 1 5 9 4
Canada 1 4 10 6 7 9 2 8 3 5
France 4 9 2 3 6 7 1 8 10 5
Germany 10 6 2 1 8 7 3 4 5 9
Italy 1 8 6 3 10 7 2 9 5 4
Japan 9 3 2 1 10 8 6 4 7 5
United Kingdom 1 7 6 3 8 2 10 9 4 5
Australia/New Zealand 3 2 7 6 4 8 1 10 9 5
Switzerland / Austria - 3 2 7 5 1 4 6 8 9
Dev. EU 1 7 4 3 1 9 2 8 5 6 10
Spain/Portugal 4 6 2 1 7 8 3 10 9 5
Scandinavia 1 5 8 6 10 9 4 3 7 2
Latin America 3 2 1 5 6 9 4 7 8 10
South Korea 10 6 1 4 9 7 5 3 8 2
EMRGAS 10 5 1 3 8 6 2 7 4 9
EMRGEU 2 6 5 4 7 8 1 9 10 3
MENA 5 1 2 6 7 9 4 3 8 10
India/Sri Lanka 2 3 5 6 4 7 1 9 8 10
South Africa 3 8 4 1 7 6 2 9 5 -
China 6 3 2 4 8 7 1 5 9 10
Taiwan 8 4 5 7 9 6 2 1 3 10

TABLE 3.7: Contribution to SEG by Industry, June 2016




3.1. Results 29
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FIGURE 3.2: Left Panel: Base and Control Portfolios. Right
Panel: Control and Test portfolios for diversification into the
Middle East/North Africa region.

local growth opportunities. The three industries are also listed for each region.

3.1.3 Visualizing the Random Portfolio Experiment Statistics

The entire set of 2000 base and control portfolios are plotted in the risk-return
plane in the left panel of Figure 3.2. The same set of 2000 control portfolios are
shown in the right panel of Figure 3.2 along with the set of 2000 test portfolios
from diversification into the Middle East/North Africa region. Each test and
control portfolio pair represent different points in this plane, and the relative
shifts in these and other measurement spaces define the central tendencies of
regional market asset performance. It is easiest to see these shifts in the portfo-
lio pairs with the highest returns, as there are not many and thus the graph is

not very crowded.

3.1.4 Random Portfolio Experiment Regressions

Table 3.9 presents the results of regressing each performance measurement on

the segmentation and local growth opportunity indices. Test results for each
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Market Cap Share Top Industries
Global 0.3278 Consumer Staples, Healthcare, IT
G7 0.3679 Consumer Staples, Healthcare, IT
United States 0.4686 Consumer Discretionary, Healthcare, IT
Canada 0.6909 Energy, Materials, Financials
France 0.5082 Industrials, Consumer Discretionary, Consumer Staples
Germany 0.3932 Industrials, Healthcare, IT
Italy 0.6142 Consumer Discretionary, Financials, Utilities
Japan 0.4939 Industrials, Consumer Discretionary, Consumer Staples
United Kingdom 0.4737 Energy, Consumer Staples, Financials
Australia and New Zealand 0.6235 Materials, Healthcare, Financials
Switzerland / Austria 0.6388 Industrials, Consumer Staples, Healthcare
Dev. EU 1 0.5760 Industrials, Consumer Staples, Healthcare
Spain/Portugal 0.6438 Consumer Discretionary, Financials, Utilities
Scandinavia 0.5626 Industrials, Consumer Discretionary, Financials
Latin America 0.6017 Materials, Consumer Staples, Financials
Korea 0.4222 Consumer Staples, Healthcare, IT
EMRGAS 0.5940 Industrials, Consumer Staples, Financials
EMRGEU 0.6326 Energy, Financials, Telecom
Middle East/North Africa 0.7404 Materials, Financials, IT
India/Sri Lanka 0.4035 Materials, Consumer Staples, Financials
South Africa 0.6859 Consumer Discretionary, Consumer Staples, Financials
China 0.4101 Materials, Industrials, Consumer Discretionary
Taiwan 0.7340 Materials, Financials, IT

TABLE 3.8: Market Cap Share of Top 3 Industries by Region
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RPE Measure | Bsgq (t-stat)  Brgo (t-stat) Baao (t-stat) R?
TRy 0.79 (1.25) 0.08
TRy 0.99 (1.01) 0.05
TRy 2.54 (1.06) 0.05
TRy 0.87 (139 039 (0.27) 353(1.13)  0.09

Corrp -0.11 (-0.35) 037
Corryp -7.00 (-7.70)*** 0.49
Corrr -19.18 (-5.97)***  0.52
Corrp | 047 (-2.82)%* 328 (-3.01)** -15.02 (-4.48)** 0.54
CVaRy 0.0004 (0.03) 0.18
CVaRy 0.12 (1.10) 0.20
CVaRy 0.46 (2.35)*** 0.22
CVaRy 0.01 (0.88) 0.01 (0.04) 0.47 2.28)*  0.22

TABLE 3.9: Coefficient Values from Regressions with Robust
Standard Error Estimation. ***, **, and * represent significance
at 0.01, 0.05, and 0.10 significance, respectively.

performance metric are presented in four lines - one line for a simple linear re-
gression versus SEG, one line for a simple linear regression with LGO, one line
for a simple linear regression with GGO, and a multiple regression containing
SEG, LGO, and GGO all together as explanatory variables. LGO and GGO
do not exhibit enough correlation in each region to worry about issues involv-
ing multi-collinearity. Years in which the differential between control and test
portfolios is not statistically nonzero, as tested using a Wilcoxon signed rank
test!, are excluded from the regression. All regressions include a fixed effect
estimator (dummy variable) for each region, which is not reported.

Neither SEG, LGO, or GGO provide statistically significant foresight over
36 months of future return premiums from diversifying into a particular re-
gion. These three indicators do show negative coefficient estimates for excess
correlation carried in test region portfolios. The significance of each estimator
is consistent across regressions of the entire set of regions, as well as only on

those countries defined as developed markets or emerging markets by MSCI

'Wilcoxon signed rank tests, from Wilcoxon (1945), are nonparametric tests designed to out-
perform t-tests when the underlying data is not normally distributed.
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index membership, thus not included to avoid redundancy. The same regres-
sions are run with lower granularity at the annual frequency, also producing
similar estimates. Plots of all of these metrics are presented for each region in

Appendix D.

3.2 Interpretations

The test portfolio premiums in this experiment identify average portfolio per-
formance differences between regional diversification options. This is different
from efficient frontier analysis, which examines whether targeted diversifica-
tion into an international market can increase the optimal return and risk pro-
tile available in the base market (here, the United States). This analysis instead
focuses the movement of the core of the set of assets in various regions as iden-
tified by the random samples of portfolios with 50 holdings each. The results
can be considered akin to index-based analysis with an enhancement of distri-
butional properties.

It is interesting to note that SEG does not carry a significant relationship
with correlation differentials in the simple bivariate regression, but gains ex-
planatory power once LGO and GGO are included in the regression. This
means that SEG accounts for variation in correlation only after the effect of
GGO and LGO, at a much smaller scale. Also, increases in GGO lead to port-
folios with greater values of CVaR. This means regions with industry compo-
sitions tilted towards those industries with the highest P/E ratios in the US
generally exacerbate the worst negative returns in an individual month.

While the greatest diversification premiums based on market segmentation
are probably gone due to the advancement of globalization, recent populist

political waves could lead to trade barriers and nationalistic economic policy
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by various sovereigns which have long been considered centers of the globally

integrated financial markets.

3.3 Directions for Future Work

The analysis conducted here can be extended along many dimensions. First
and foremost, varying the length of time portfolios are held from a fixed three
years would give more insight how forward looking P/E ratios are in con-
veying information about growth opportunities and portfolio diversification
benefits. The random selection process could also be augmented to include a
pseudo-random portfolio selection, targeting particular equity attributes that
may be of interest to any particular investor. Diversification strategy rules can
determine the portfolio selection process and compared to random results as
well. Using a randomized experiment as the framework for any strategy-based
decision process allows for the grading of strategies within a distribution, ver-
sus simply comparing the results of various aggregated indices.

Secondly, many more measures of portfolio performance measurement other
than those included in this study can further the output from the randomized
portfolio experiment. No measure of the risk-free rate of return was included
in this study, as the base of each portfolio comprised the same holdings, which
all would in theory face the same risk-free rate. Also, measures of currency
risk are excluded, which are a central component to any analysis regarding in-
vestment management decision making. Finally, the base portfolio could be
selected pseudo-randomly to reflect a more specific set of investor preferences
as the starting point of performance analysis.

Finally, the measures of integration may be explored beyond the work of

BHLS. SEG and LGO are defined based on data only from the current time
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period. The evolution of the industrial mix within a country can indicate which
particular industries provide the most stable growth over their lifetimes. Also,
other measures of integration, such as that presented in Carrieri, Errunza, and
Hogan (2007), could potentially support to these findings. The data set used
in this study did not include information on ADR’s and country funds, which
would provide more insight into the options available to investors at any given

time.

3.4 Conclusion

Price to earnings (P/E) ratios contain forward-looking information for investors
based in the United States about regional financial markets with assets that are
on average have less correlation than other holdings available in US financial
markets, and more generally can serve to indicate growth opportunities and
regional financial markets segmented from globally integrated markets. Ran-
domized portfolio experiment results find the existence and significance of re-
gional diversification premiums in portfolios held for three years. Cumulative
returns, a measure of within-portfolio correlation, Conditional Value at Risk,
and an additional metric combining total returns and three-year volatility are
used to define portfolio performance in the experiment, conducted on a rolling
36-month window using 20 years of monthly data starting in February of 1996.
This result is found using linear regressions with coefficient standard error es-

timation robust to clustered dependence over time and within regions.
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Appendix A
A Valuation Model of P/E Ratios

The rationale for using these three measures is based in a valuation model out-
lined in both Bekaert et al. (2007) and Bekaert et al. (2011). Their model assumes
that real log earnings growth can be defined as the sum of a persistent world
growth opportunity and an idiosyncratic growth disturbance for each region
and industry, or

Aln(Earn; ji) = GOy ji—1 + €t

where €+ ~ N(0, 02-27 ;)- World growth opportunity is modelled with persis-
tence, where

and e, 5 ~ N(0,07, ;).
Each industry within each region has a discount rate ¢; ; ;, which is a func-

tion of the world discount rate §,, ;. The relationship is defined
Gijp = 17(L = Bij) + BijOuw,

A fundamental assumption by the authors is that for integrated markets,
Bij = B

implying that the local industry discount rates within integrated markets are
identical. Weakening this assumption would imply that LEGO could be pow-
erful in explaining growth opportunities in integrated as well as segmented
markets.

The world market discount rate is modelled as

5w,t = dw + (bw(sw,t—l + Tt

where 7, ~ N(0, s2).

All of these assumptions can be put together into a valuation of any given
industry under the assumption that all industries pay out all of their economic
earnings in dividends, where industry valuation V; ;; is defined as

00 k—1
Z exrp | — Z Oijiirt | Barngjiip
k=1

=0

Vije=E
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To make this valuation stationary, dividing by current earnings gives:

00 k—1 0
> eap <Z —0ij.e1 + Aln(EaTniJ,Hl—l-l))] = Qijks
k=1

k=1 =0

Vit

=E
Earn;

The authors go on to derive a recursive representation of the Q; ;. terms,
which implies that P/E ratio for any industry can be represented as a log linear
function of coefficients

10g(PE; jt) = @i jk + 0j k0w + CxGOw jit

Which implies that increased growth opportunities can be observed in an in-
creasing industry aggregate P/E ratio. Based on this rationale, the deviation
of an individual region’s industry P/E ratios from a global industry P/E ra-
tio should also provide an indicator for the level of segmentation between a
market and the global economy.

Full exposition of the derivation of the recursive representation can be found
in Bekaert et al. (2007) and Bekaert et al. (2011).



37

Appendix B

Return Indices and Higher
Cross-Sectional Moments

This appendix includes four panels per region, showing the index return, as
well as the standard deviation, cube root of skewness, and fourth root of kur-
tosis for returns in each time period.
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FIGURE B.12: Cross-Sectional Equity Holdings Sample Mo-
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FIGURE B.18: Cross-Sectional Equity Holdings Sample Mo-
ments for India/Sri Lanka
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Appendix C

GDP and Investment Growth vs.
LGO

This appendix includes two panels per region, showing GDP growth and in-
vestment growth against LGO.
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FIGURE C.1: GDP and Investment Growth versus LGO for the
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FIGURE C.2: GDP and Investment Growth versus LGO for
Canada
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FIGURE C.4: GDP and Investment Growth versus LGO for Ger-
many
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FIGURE C.5: GDP and Investment Growth versus LGO for Italy
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FIGURE C.6: GDP and Investment Growth versus LGO for
Japan
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FIGURE C.10: GDP and Investment Growth versus LGO for the
Developed EU
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FIGURE C.11: GDP and Investment Growth versus LGO for
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FIGURE C.12: GDP and Investment Growth versus LGO for
Scandinavia
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FIGURE C.14: GDP and Investment Growth versus LGO for
Korea
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FIGURE C.15: GDP and Investment Growth versus LGO for
emerging Asia
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FIGURE C.16: GDP and Investment Growth versus LGO for
emerging EU
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FIGURE C.17: GDP and Investment Growth versus LGO for
Middle East/North Africa
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FIGURE C.18: GDP and Investment Growth versus LGO for
India/Sri Lanka
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South Africa
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FIGURE C.20: GDP and Investment Growth versus LGO for
China
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FIGURE C.21: GDP and Investment Growth versus LGO for
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Appendix D

Random Portfolio Experiment
Results

This appendix six panels per region. The first panel shows the median excess
returns of the test portfolios, versus the excess return of holding an aggregate
index of the test and control regions in similar proportions. The second panel
shows excess correlation to existing holdings for test portfolios. The third panel
shows excess CVaR. The fourth panel shows the net number of test portfolios
which are strictly preferred to control portfolios. Finally, the fifth and sixth
panels show SEG, LGO, and GGO over time.
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FIGURE D.1: Random Portfolio Experiment Results for Canada
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FIGURE D.2: Random Portfolio Experiment Results for France
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FIGURE D.3: Random Portfolio Experiment Results for Ger-
many
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FIGURE D.4: Random Portfolio Experiment Results for Italy
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FIGURE D.5: Random Portfolio Experiment Results for Japan
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FIGURE D.6: Random Portfolio Experiment Results for the
United Kingdom
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FIGURE D.7: Random Portfolio Experiment Results for the Aus-
tralia/New Zealand
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FIGURE D.8: Random Portfolio Experiment Results for the
Switzerland / Austria
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FIGURE D.9: Random Portfolio Experiment Results for the De-
veloped EU
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FIGURE D.11: Random Portfolio Experiment Results for Scan-
dinavia
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FIGURE D.12: Random Portfolio Experiment Results for Latin
America
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FIGURE D.13: Random Portfolio Experiment Results for Korea
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FIGURE D.14: Random Portfolio Experiment Results for emerg-
ing Asia
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FIGURE D.15: Random Portfolio Experiment Results for emerg-
ing EU
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FIGURE D.16: Random Portfolio Experiment Results for Mid-

dle East/North Africa
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FIGURE D.17: Random Portfolio Experiment Results for In-
dia/Sri Lanka
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FIGURE D.18: Random Portfolio Experiment Results for South
Africa
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FIGURE D.19: Random Portfolio Experiment Results for China
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FIGURE D.20: Random Portfolio Experiment Results
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